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Real estate in the focus of development
priorities 2030 (based on the materials
of the Gaidar Forum 2022)'

The annual Gaidar Forum traditionally opens the agenda for the development of the national economy for
the next year with an eye to the implementation of strategic goals. The dynamism of modern economic pro-
cesses requires not just taking into account external challenges and internal problems, but forecasting chan-
ges in the global economic landscapes, modeling systemic changes in the allocation of productive forces and
the possibilities of integrating Russia into existing and emerging technological chains. The intensive develop-
ment of new industries, the targeted focus of investments on investments in the knowledge economy,
the transformation of the industrial, transport, energy and housing and communal framework of capital funds
set a new rhythm of construction. lts ultimate goal is to create a real estate sector that provides balanced
spatial development, accelerated energy transfer and advanced development of human capital as a basis for
improving the comfort, quality and standard of living of citizens.

The range of topics discussed touched upon almost all strategic objectives of achieving the goals of na-
tional projects. Priorities for the development of the real estate sector were announced in various contexts:
digital and administrative transformation, scientific and personnel support, formation of a comfortable urban
environment, housing construction and mortgage boom, master planning tools, etc. At the same time, behind
the obvious thematic favorites of the new rhythm of construction and transformation of the real estate sector,
a number of important problems remained in the “shadow” of panel discussions. Among them: the euphoria of
housing construction and the danger of possible imbalances, professional transformation and the challenges
of digitalization, the risks of human-centered and distance education, the discomfort of the business environ-
ment in real estate, the vacuum of modern tools for resolving economic disputes and coordinating economic
interests, etc.

Developing a view on the priorities of the development of the real estate sector in terms of ensuring the rights
of shareholders and the transition to project financing, the issues of ensuring the quality of housing and com-
munal services, further capitalization of the housing stock, mechanisms for resolving contradictions between
tenants and management companies, etc. remained outside the Forum. These issues, being an integral part of
a comfortable business environment and the living environment of citizens, actualize a new context of develop-
ment from Priorities to Parities of economic interests and tracks of development of “power — business — man”.

Keywords: national economy, development priorities, strategic focus, real estate, digitalization, information
modeling, challenges, problems, economic interests

he Prime Minister of the Russian Federation, conditions for a rapid transition to a new technolo-
Topening the Gaidar Forum, stressed that ac- gical order of low-carbon development of the na-

tive work is underway to ensure accelerated tional economy, the lag behind the leading coun-
development. Thus, over the past year, forty-two tries in the field of high technology may be critical.
new initiatives have supplemented the Unified Plan The priorities of technological development set
for Achieving the National Development Goals of not only goals that are quantitatively incommensu-
the Russian Federation [1]. Despite the steady rable with past periods, but also require qualitative,
growth of the economy (approximately 3 % per strategically focused transformations. This is not
year), investments in fixed assets should grow at only about the new financial market strategy (ac-
a faster pace in order to create conditions for cording to Forum participants A.G. Siluanov and
the sustainable development of not only basic, but E.S. Nabiullina, “Itis currently being finalized”), but
also new sectors of the economy. This, according also about the real estate sector, especially in its
to M.V. Mishustin, investments in the development industrial, energy and transport segments.
of information technology, genetics, electronics. The scale of the tasks, and they were discussed at
Their volume should grow 3 times in the near future. almost all expert panels of the Forum, re-
Separately, investments in infrastructure projects quired the development of a new project develop-
that break all historical records were noted. Their ment pool, which will be supported by a set of Infra-
necessity is due to the fact that without creating structure menu measures (infrastructure budget

1 The article was prepared as part of the research work “Alternative dispute resolution mechanisms in construction as a factor in the practical
implementation of National development projects in Russia”, RANEPA, 2022.
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loans, infrastructure bonds, mechanisms for restructuring budget
loans, budget funds from the redistribution of excise taxes, etc.).
Its implementation, quite obviously, will require the consolidation
of all available resources. At the same time, A.V. Chibis, the Go-
vernor of the Murmansk Region, stressing the limitations of
the budget system and the need to attract private investment,
supported the initiative of the Government of the Russian Federa-
tion regarding the introduction of «one-stop-shop technologies»
for investment initiatives at any level of the economy. The Gover-
nor also noted the extreme importance of supporting the territo-
ries of advanced development, in particular the Arctic zone,
the transformation of which is currently being carried out as
planned, despite the coronacrisis, external challenges and
threats. The successful implementation of the project for the con-
struction of the Meteor ice arena on a concession basis formed
the basis of the extended proposals of the Government of
the Murmansk Region on the establishment of the Institute of in-
vestment plenipotentiaries. Its purpose is to support the invest-
ment cycle on an ongoing basis. “The government must compete
for investment” [2]. A.V. Chibis drew attention to the fact that this
will be facilitated by eco-tools, platform solutions, project offices
that ensure interdepartmental interactions, as well as supporting
the readiness of government and business for long-term coopera-
tion based on the stability of requirements and rules.

The analysis of the goals and meanings of the main develop-
ment tracks discussed by the majority of expert panels of
the Gaidar Forum 2022 [3] allows us to systematize them in
the following main directions:

1. Transformation of the landscape of the Russian economy with
an emphasis on: target contexts, the need to assess the effec-
tiveness of the efforts and actions of the authorities, as well as
the accountability of the latter.

2. Launching economic growth, including through the develop-
ment of new industries, end-to-end support for workers, redu-
cing the tax burden on small and medium-sized businesses,
replenishing the labor market with qualified personnel, motivat-
ing private investors, etc.

3. Focusing on the strategy of low-carbon development of all sec-
tors and spheres of the national economy and supporting its
implementation with ecosystem tools.

4. Integrated development of territories with a new methodology of
urban planning, principles of master planning, investment com-
petitiveness, metropolitan area, etc.

5. Ensuring the human-centricity of education, its forms and ef-
fectiveness in conditions of accelerating transformational pro-
cesses.

Summarizing the many approaches, accents and points of
view, it is no exaggeration to say that at all the Forum venues,
the absolute dominant of the problems of resource provision was
undoubtedly not only and not so much financial resources as
the quality of labor resources. The lack of specialists in the field of
investment support, urban planning, spatial development, health-
care, logistics, finance, economic and food security, strategic
planning and targeted focus was also discussed within the quality
of the expert community (“Expertise in Russia: between consul-
ting and public policy” with the participation of the President of
the Kurchatov Institute M.V. Kovalchuk, President of the Russian
Union of Industrialists and Entrepreneurs A.N. Shokhin et al.), and
in assessing Russia's place in the world (“Russia and the World:
Macroeconomic priorities” with the participation of the Chairman

of the Central Bank of the Russian Federation E.S. Nabiullina, Mi-
nister of Economic Development of the Russian Federation
M.G. Reshetnikov, Minister of Finance of the Russian Federation
A.G. Siluanov), and when summing up the results of the introduc-
tion of information modeling technologies in construction (“Infor-
mation modeling technologies — a driver or barrier to the deve-
lopment of the construction complex” with the participation of
the president of the association “National Association of Organi-
zations in the field of Information Modeling technologies” M.Y. Vik-
torov, head of the FAA “Glavgosexpertiza of Russia” I.E. Manylov,
Deputy Minister of Construction and Housing and Communal Ser-
vices of the Russian Federation K.A. Mikhaylik), and when solving
problems of energy transition and infrastructure construction.

It should also be noted that the strategy for the development
of construction and real estate on the site of the Gaidar Forum
2022 was given unprecedented attention. Director of the Asso-
ciation of Innovative Regions of Russia (AIRR) I.V. Fedotov in an
interview with Deputy Prime Minister of the Russian Federation
M.Sh. Khusnullin discussed the most important issues of the de-
velopment of the construction industry. Seven main construction
clusters with financing of 7 trillion rubles annually for 10 years,
filling of 20 trillion mortgage portfolio with residential real estate,
development of 1.5 trillion rubles. from the Infrastructure menu
and, finally, the acceleration of the investment cycle, according
to M.Sh. Khusnullin, will become a real test of the viability of
the domestic construction industry [4].

It should be noted that five years ago the construction busi-
ness was in the shadow of modern technological and innovative
trends. The results of 2021 clearly confirmed not only the highest
adaptability and scalability of the construction business, espe-
cially in solving the housing problem, but also the outstripping
character in the pace of digitalization. So far, in industrial and
civil construction, the current level of implementation of informa-
tion modeling technologies is, according to Dmitry Kazachen, Di-
rector of Transformational Projects at Dassault Systemes, a little
more than 1 %. Meanwhile, the growth of the global digital twins
market is estimated at 36 % annually (about $2 billion) in the next
5 years [5]. According to expectations, the technology of informa-
tion twins by 2030 will help companies get a total economic be-
nefit of $ 1.3 trillion. How to reach the world level of implementa-
tion rates? What hinders the introduction of information modeling
technologies in our country? How to prepare specialists with
the necessary qualifications? — the range of issues discussed in
an interactive mode by the representative of the industry center
(Deputy Minister of Construction and Housing and Communal
Services of the Russian Federation K.A. Mikhailik), software de-
veloper (N. Burlitsky) and president of the association “NOTIM”
(M.Y. Viktorov). The main focus of the discussion was on the de-
sign stage, linking and optimizing the procedures for conducting
state design expertise of documentation, as well as historical, cul-
tural and environmental expertise. Restarting the investment cycle
for the implementation of the goals of national projects will also
require the introduction of 3D printing technologies, artificial intel-
ligence, prefab buildings, etc. In addition, the digital format, as
practice has shown, allows you to quickly implement protective
measures for the use of environmentally harmful or economically
inefficient construction materials and technologies. Platform solu-
tions, according to experts, are able to significantly expand
the number of participants in investment and construction activi-
ties, optimize economic relations, ensure the responsibility of
the parties, develop alternative methods of examination and
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P> resolution of economic disputes, etc. All this will become almost

a decisive factor in accelerating the investment and construction
cycle.

For the first time in the modern history of Russia, urban plan-
ning problems were discussed on several panels at once, tou-
ching on both sectoral and territorial development problems, as
well as concerning the assessment of the potential of new urban
development tools and their legislative consolidation. Thus, the In-
stitute of Spatial development mentioned by M.Sh. Khusnullin with
its characteristic new mechanisms of integrated development of
territories [6] became the subject of an acute discussion on
the panel “Master Planning”. Four main approaches to the deve-
lopment of master plans were discussed: cities, agglomerations,
local territories, elements of planning territories. In the modern
understanding, the main difference between the master plan and
the master plan is the full implementation of the scenario ap-
proach in the territorial planning documents. The participants of
the discussion drew attention to the fact that, unlike the master
plan, the master plan should specify:

1) economic prerequisites for its implementation;

2) tools for implementing and supporting decisions made regar-
ding development scenarios;

3) crisis maps focusing actions on possibly acute problem situa-
tions;

4) the results of the discussion of the main development tracks
with the population, etc.

In other words, active supporters of the transition to master
planning emphasize its strategic orientation with the details of
only the most important issues. The format of the document
should be understandable and accepted by the population. Itis in
the direction of conceptual focus and strengthening of dialogue
regimes, including at the levels of industries and departments,
that revisionist activity is developing in relation to the entire Urban
Planning Code of the Russian Federation. Systematizing the de-
batable aspects of construction development and the problems of
spatial development of the country raised by the Gaidar Forum
2022, construction as an industry that ensures the creation and
operation of the stock framework in an economically efficient and
environmentally safe format acquires new properties, presented in
Fig.

Taking into account the properties of adaptability and innova-
tiveness reflected in strategic development documents [7-11],
discussions were devoted to almost all discussion platforms of
the Forum. At the same time, comfort as a new property of devel-
opment, designed to create zones of attraction for investment, in-
novation, active economic agents and skilled labor, is still used
exclusively in relation to the urban environment. With regard to
the currently accepted “climatic” accents (investment or business
climate), we note that the semantic analysis of the use of a con-
cept that does not directly depend on the will and consciousness
of the participants in the development gives it a possibly objective
character, but clearly carries the burden of uncontrollability. In this
regard, the concept of “comfort of the business environment” de-
pends on the actions of the authorities, the expectations of eco-
nomic agents and the population, allows and even forces the par-
ties to a dialogue regime and conflict-free development.
The perspectives of the comfort of the business environment in
the first approximation should cover:

1) a balanced structure of types of investment and construction
activities, including the availability of highly demanded

specialized segments. This will ensure timely and high-quality

implementation of all stages and phases of the investment and

construction cycle;

2) a system of transparent and inclusive rules for conducting in-
vestment and construction activities covering the segments of
planning, incentives, control, nature of responsibility, support
measures, restrictions, etc.;

3) business, career, educational elevators that support business
and investment activity of all participants in investment and
construction activities;

4) ensuring the availability of electronic services, services, infor-
mation technologies;

5) the necessary and sufficient structure of commercial real estate
objects, allowing to implement and develop business process-
es;

6) the whole range of mechanisms for resolving economic dis-
putes and preventive methods for preventing conflicts of in-
terest.

It seems that this context has fallen out of the field of view of
the discussion of the strategic guidelines of the Government of
the Russian Federation. Thus, the success of housing construc-
tion was repeatedly heard at the Forum. Being an example of
timely decisions taken by the central government, the readiness of
large developers to use the mechanisms of project financing of
construction, brought to the automatism of mortgage lending,
a record number of housing (90 million sg. m.) was put into opera-
tion in 2021 [12]. Meanwhile, the business environment formed in
the housing construction segment suits no more than 10 % of par-
ticipants in investment and construction activities. The beneficia-
ries of the success achieved are not at all construction organiza-
tions operating in the housing construction segment, or
the population. By default, banks were the first to win [13, 14]. And
the social and economic effects of strengthening the family, in-
creasing the birth rate, etc., as shown by the research of the De-
partment of Investment and Construction Business and Real Es-
tate Management of the RANEPA, are not confirmed by
the surveys conducted. Practice has shown that:

1) mortgage encumbrances, on the contrary, slow down the birth
rate. Despite the benefits and maternity capital, they burden
family relations, narrowing the base of the family budget, re-
strict economic freedom and initiatives, excluding even minimal
risks of activity;

2) housing construction euphoria, in isolation from the develop-
ment of city-forming enterprises and the creation of new high-
performance and well-paid jobs with a promising advantage,
deadens capital, reducing the liquidity of construction pro-
ducts and creating sparsely populated ghost towns and dis-
tricts;

3) the emergency nature of investment and construction proces-
ses in the housing sector does not affect the quality of the living
environment in the best way. Infrastructure provision is lagging
in nature, and the urban environment in areas of mass develop-
ment is overloaded in all parameters of a comfortable environ-
ment [15];

4) imbalances are being formed not only in the real estate mar-
ket, but also in the labor market. Specialists of the construc-
tion industry specializing in the creation of capital construc-
tion projects in the municipal, industrial, energy transport
spheres are being “washed out”. Consequently, there is
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External challenges Internal barriers
and threats and restrictions
e Investment refocusing (R & D, IT , genetics, new materials , biotechnologies ,
electronics, etc. — expansion of the knowledge economy segment )
e Energy transition (low-carbon development strategy )
e Coupled spatial development (industrial and residential construction,
transport infrastructure, etc.)
e Sectoral and regional synchronization of investment
and construction processes
(resources, capacities, human capital)
The main
transformational
trends in the
development of the
national economy
Targeted focus construction creation and operation of cost-effective
and an environmentally safe stock framework that ensures the transformation
processes of the national economy
System requirements for
basic industry properties
(features)
Basic properties of the construction industry
System Controlled Comfort of the business
adaptability innovation environment
Spatial Advanced development Balfatnced stfructulie
maneuverability Of human Capital 0 ypes or wor
Operational and inclzg?cs gi;?r?:ass rules
restructuring of ICA Scalability and replicability
. of new technologies Availability of services,
Technical services and technologies
reequipment Protective measures
O o for obsolete
nghi%?s“.tg:on Security of commercial
9l Priority of security measures real estate objects
and social balance
Educational elevators, o The possibility of using
professional Combination and differentiated methods of
diversification synchronization of “top and resolving economic disputes
bottom” initiatives
>

The main properties of the construction industry in the context of new transformational trends in the development of the national economy
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Cdepa HepBmxmMmocTn B poKyce
npuoputeToB pa3sutus 2030

(no maTtepuanam NanpapoBcKoro
c¢hopyma 2022)'

ExerogHo nposogumbii angapoBckuii opyM TpaguuUMOH-
HO OTKpbIBAET MOBECTKY Pas3BUTUA HaLMOHASIbHON 3KOHOMMU-
KW Ha o4epefHoOWM rof C MpULENoM Ha peanusauuto cTpaTeru-
Yyeckux uenen. OMHaMUYHOCTb COBPEMEHHbIX 3KOHOMMWYECKMX
MpOLECCOB TPEOYET HE NPOCTO y4HeTa BHELLUHWX BbI30OBOB U BHY-
TPEHHMX NpPO6MeM, a NPOrHO3MPOBaHWUA U3MEHEHUS MUPOBbIX
9KOHOMMYECKMX NaHALIAdTOB, MOAENMPOBAHNA CUCTEMHbBIX W3-
MEHEHWA B pasMeLLEHUN MPOU3BOAUTESNbHLIX CUM U BO3MOX-
HocTel BCcTpavmBaHua Poccuun B nmetowmecs 1 oopMUpyLoLLImM-
ecs TexHonornyeckune Lenoykun. IHTeHcMBHoOe pasBuTME HOBbIX
oTpacnei, ueneeas (HOKYCUPOBKAa MHBECTULMIA Ha BIIOXEHUS
B 9KOHOMMWKY 3HaHwWi, TpaHcthopmaumus MpPOMBbILLNIEHHOTO,
TPaHCMOPTHOrO, 3HEPrETUHECKOTO N XMINLLHO-KOMMYHaNbHOro
Kapkaca KanuTanbHbIX (POHAO0B 3a[aK0T HOBbIW PUTM CTPOUTETb-
ctBa. Ero koHe4Has Lenb — cosfgaHve cdepbl HeABMKMMOCTH,
obecneyvBaroLleri c6anaHCMpOBaHHOE NPOCTPaHCTBEHHOE pas-
BUTUE, YCKOPEHHbIV 3HEPrONEPEXONA U OMnepexaroLlee paspuTme
YenoBeYeCcKOoro kanurana, kak OCHOBY MOBbILLEHUSI KoMdopTa,
Ka4ecTBa M YPOBHS XXN3HW rpaxaaH.

[rana3oH o6CcyxaaeMbix TEM KOCHYSICA NPAKTUHECKN BCEX CTpa-
TErnyecknx yCTaHOBOK AOCTMXKEHWS Lienein HauMoHamnbHbIX Npo-
ekToB. [propuTeTbl pa3BuTUa cepbl HEABMXXMMOCTH ObIIN 03BY-
YeHbl B Pa3fvyHbIX KOHTEKCTax: LUdpoBas n aAMUHUCTPaTVBHASNA
TpaHcthopMaums, Hay4Hoe U KagpoBoe obecneveHune, hopmmpo-
BaHMe KOM(POPTHOWM rOPOACKOM cpefpl, XUULLHOE CTPOUTENbCT-
BO W UMOTEYHbIN 6YM, MHCTPYMEHTapUI MacTep-NnaHnpoBaHus
n op. B To xe Bpems 3a ABHbIMM TemaTU4ecKuMu hasopuTamm
HOBOr0 pUTMa CTPOUTENLCTBA U TpaHcopMaLmm cdepbl HeABu-
XUMOCTN psf, BaXKHEWLLMX NPO6IeM OCTasncs B «TeHW» NaHesb-
HbIX AncKyccuin. Cpeay HUX: 3MOPUS XXUIULLHOIO CTPOUTENLCT-
Ba U ONacHOCTb BO3MOXHbIX AncoanaHcoB, npodeccroHanbHas
TpaHCchopMaLms 1 BbI30BbI LMPOBU3ALIMN, PUCKW HENTOBEKOLIEH-
TPUYHOTO W AUCTAHLMOHHOIO 06pa3oBaHus, AUCKOMMOPTHOCTb
[enoBon cpefpl B cdhepe HeABMXKMMOCTU, BaKyyM COBPEMEHHO-
ro VMHCTPYMEHTapus paspeLleHnsi XO3MCTBEHHbIX CMOPOB U CO-
rnacoBaHVs 9KOHOMUYECKUX MHTEPECOB U Ap.

Ha ®opyme LLUMPOKO OCBeLLanvcb NpUopUTETLI pasBuTus cde-
pbl HEOBMXMMOCTM B YacTu obecreyveHus npaB [oSbLUMKOB
N nepexopa K NPOEKTHOMY (DMHAHCUMPOBAHWIO, HO 3a ero pam-
KamMu OCTafiMCb BOMPOCLI O6ECMneYeHUs KavecTBa >XMIULLHO-
KOMMYHanbHbIX YCNyr, AanbHenLWen kKanutannsaumm XunmLHo-
ro oHga, MEXaHU3MOB pPa3peLLEHNs NMPOTUBOPEYMI XMUIbLIOB
M yNpaBnsoLLmMX KOMNaHU 1 gp. 3Ty BOMNPOCHI, 6yay4n HEOTb-
eMIeMOM 4YacTbio KOMMOPTHOM [ESNIOBON Cpeabl 1 cpefbl NPOXu-
BaHWs rpaxnaH, akTyanuavpyloT HOBbIA KOHTEKCT pa3BUTUS OT
MpuoputeToB k lMaputeTtaMm 3KOHOMUYECKMX MHTEPECOB U Tpe-
KOB pa3BuUTUS «BnacTu — Bu3Heca — YenoBeKa».

Knro4eBble cnoBa: HayuoHasbHasi 3KOHOMMKA, PUOpUTE-
Tbl Pa3BUTUS, CTpaTerndeckasi (hoKycupoBKa, HEABUXUMOCTD,
ymgbpoBusaumsi, MHGHOPMaLNOHHOE MOA[ENNPOBAHNE, BbI30BbI,
rpo6iemMbl, SKOHOMUYECKNE NHTEPECH]
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Building information modelling systems:
strategic objectives and realities
of digital transformation in construction

The article studies the issue of construction industry digital transformation based on implementation of build-
ing information modelling systems. Building information model is to cover all stages of the real estate object’s
life cycle starting from justification of investments and ending with renovation or demolition of the object. In re-
cent years a thorough regulatory framework has been developed for transition of construction to BIM techno-
logies but construction industry is not yet ready for digitalization. Other participants of processes implemented
at all stages of the real estate objects’ life cycle are even less ready for it. The article discusses in detail strate-
gic tasks that digitalization of the industry allows solving and advantages that it gives to participants of the real
estate objects’ life cycle. Some measures are proposed to motivate all participants in the processes of the life
cycle of real estate objects to implement building information modeling systems. A platform solution has been
proposed that can become a step towards the transition to the next stage of digitalization development — City
Information Modeling. Combining a complex of information technologies and a variety of data on one digital
platform can become the digital basis of urban management — a system of professional management of ur-
ban development in order to best and most effectively use the urban land and property complex in the interests
of the population, business and government. The conclusion is made about the need to transfer the “digital re-
volution” to the evolutionary path of BIM implementation, which should be based on the internal needs of par-
ticipants in all processes of the life cycle of real estate objects in using this technology for mutually beneficial in-
teraction among themselves.

Keywords: digital transformation, digitalization of construction, building information model, life cycle of a real
estate object

Ovsiannikova T.Yu.
Patsukov A.A.

INTRODUCTION approved, specialized Rules and Regulations have
been specified, a classifier of construction informa-
tion has been introduced" 23 56 [20], the industry
appeared not to be ready for the onset dead line
defined by the Government Decree No. 331 as of

March 5, 2021. The document established obliga-

cientific literature and professional publica-
tions contain a lot of robust discussions on
the prospects of digital transformation of
construction industry [1-14]. These discussions re-

flect not only Russian reality of implementing buil-
ding information modelling systems but also reali-
ties of other developed countries where the pro-
cess of digitalization of economy, including con-
struction, began much earlier [15-21]. Discussions
about digital transformation of the industry con-
tinued at the Gaidar Forum on January 13-14, 2022
where this process was literally called “technologi-
cal revolution”.

Despite the fact that over the past three years
regulatory framework for implementation of BIM
has been under the process of active development,
which means that necessary changes have been
introduced into the Urban Planning Code of
the Russian Federation, government resolutions
have been adopted, road maps have been

tion to develop and maintain the information model
of a real estate object if development of its project
documentation happens at the expense of budge-
tary funds that is for facilities of national and local
responsibility.

Major legal acts defining state policy for deve-
lopment of information modelling technology were
adopted at the end of 2021. These documents ini-
tiated the transition of discussions on digital trans-
formation from theory to more practical aspects.
For example, according to the approved strategic
plan, information about all residential buildings un-
der construction in Russia will be uploaded to
the Housing Construction Unified Information Sys-
tem in the form of information models (information,
data, documents) starting from 2023.

1 Rules for the formation and maintenance of an information model of a capital construction object Approved : Decree of the Government of the Rus-

sian Federation of September 15, 2020 No. 1431.

2 On establishing the case in which the developer, technical customer, the person providing or preparing the investment feasibility study, and
(or) the person responsible for the operation of the capital construction object, ensure the formation and maintenance information model of the ca-
pital construction object : Decree of the Government of the Russian Federation of March 5, 2021 No. 331.

3 Action plan (“road map”) for the use of information modeling technologies in the design and construction of capital construction projects, as well as for
promoting the use of energy-efficient and environmentally friendly materials, including taking into account the need for their production in the Russian Federa-
tion : Approved Decree of the Government of the Russian Federation of December 20, 2021 No. 3719-r.

4 Strategic direction in the field of digital transformation of the construction industry, urban and housing and communal services of the Russian
Federation until 2030 : Approved Decree of the Government of the Russian Federation of December 27, 2021 No. 3883.

5 Set of rules 301.1325800.2017. Information modeling. Rules for the organization of work by the production and technical departments.

6 Set of rules 333.1325800.2020. Building information modeling. Modeling guidelines for various project life cycle stages.
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The life cycle of a real estate object including “investment
justification"-"design”-"“construction”-“operation”-“renovation”-
“demolition/dismantling” stages is functionally related to activities of
many participants of these processes. According to the strategic
document there may be more than one hundred contractors and
more than 130 procedures involved into implementation of an in-
vestment and construction project*. Therefore, it is necessary to
take into account all the procedures and all the functions performed
at each stage of the object’s life cycle during the process of devel-
opment, implementation and utilization of the building information
model. There are three groups of economic entities that are poten-
tial users of the building information model:

1. Main entities directly responsible for object’s life cycle pro-
cesses: investors, developers/construction owner’s technical
representatives, design and survey contractors, construction
organizations, operating organizations/users of the object.

2. Institutional entities performing various subtasks that estab-
lish processes’ infrastructure environment and ensure inter-
action between main participants: expert organizations, ap-
praisers, realtors, insurance companies, marketing consult-
ants, financial and credit institutions.

3. State authorities and local self-government bodies that are not
only industry regulators with a whole range of licensing, super-
visory and control functions, but often independent market par-
ticipants at all stages of real estate objects’ life cycle.

Undoubtedly, the point of digitalization is to create a single
digital platform that will ensure coordination of all information flows
and integration of all participants of the real estate object’s life cy-
cle. However, neither design organizations primarily impacted by
the above-mentioned resolution nor other participants of numerous
processes carried out during stages of the real estate object’s life
cycle are ready for digital transformation. What is more, while archi-
tectural and design community has certain understanding of what
a digital model of a real estate object should look like, the rest of
participants of the real estate objects’ life cycle have only a faint
idea about it.

According to Federal State Statistics Service (Rosstat)’
the amount of construction works carried out in the country in 2020
totaled more than 9,498,000 rubles with commissioned 326,703
residential and non-residential buildings all of which are potential ob-
jects for digital modelling. There are more than 405,000 construction
organizations operating in construction® and, according to the Regi-
ster of National Association of Designers and Surveyors (NOPRIZ),
more than 163 thousand organizations carrying out activities in
the field of engineering surveys and development of project docu-
mentation which makes them potential BIM developers. Currently in
Russia there are 85 territorial subjects and 20,303 municipalities®
which can be potential state and municipal customers and potential
immediate users of digital models. Moreover, there are more than
3,500 organizations of various forms of ownership which can act
both as BIM customers and as users of these models at the opera-
tional stage. Bodies of governmental and non-governmental inspec-
tion of design and estimate documentation, state construction

supervision and Federal Service for Environmental, Technological,
and Nuclear Supervision (Rostechnadzor), the Ministry of Emergen-
cy Situations, organizations engaged in scientific and technical sup-
port of projects, construction control, financial organizations, man-
agement companies, etc. can also be included in the list of potential
users of the building information models.

At the same time, digital maturity of all participants in terms of
processes of creation and operation of real estate objects differs
significantly and this presents the main difficulty in the process of
introduction of building information modelling into practice.

STRATEGIC TASKS

It is obvious that the reasons why the Government forces par-
ticipants of construction market (only in the budget-funded seg-
ment so far) to develop and apply information models have solid
practical justification. Regulatory documents already allow imple-
menting a number of public services and functions using objects’
digital models within the stages of the real estate object’s life cycle
where state and local self-government bodies carry out initial per-
mitting and registration functions including uploading projects for
inspection, transferring models to the information system for urban
planning activities (GISOGD), registration of data and obtaining
permits for objects’ construction and commissioning. Since 2018
there is a Unified Housing Construction Information System (EISJS)
which allows getting information about housing construction ob-
jects in terms of territories, developers and individual houses.

Digitalization of the industry and organization of objects’ infor-
mation models’ accounting allows the state to efficiently solve
a number of strategic tasks:

1. Removal of organizations with a low level of competence and
professional skills from the list of participants of state order pro-
cedures. This will partially solve the problem of low qualifica-
tion of state contracts for design and construction performers
which budget-funded customers regularly face. For example,
according to the General Board of State Expert Review
(Glavgosexpertiza of Russia)™® [30] during 9 months of 2021
about 32 % of the total number of project documentation sets
contained technical solutions that could lead to risk of emer-
gencies with severe consequences. Moreover, the issues re-
sulting from non-fulfillment of the national projects’ budgets in
terms of capital construction, as the analysis shows, are largely
associated with the fact that electronic auctions are sometimes
won by unscrupulous contractors who do not have sufficient
production and labor potential.

2. Increasing of level of control over utilization of budget funds
for construction/reconstruction of real estate objects. This will
prevent intentional or accidental violations during projects’
implementation, especially in the situation when funds are
managed by federal executive authorities while objects are
located throughout the territory of the whole country.

3. Simplification and acceleration of initial permitting procedures
and electronic document management system between par-
ticipants of object’s life cycle and elimination of administrative
barriers.

7 Regions of Russia Socio-economic indicators. 2021. Rosstat. URL: https://rosstat.gov.ru/folder/210/document/13204

8 Register of all organizations in the field of engineering surveys and preparation of project documentation. NOPRIZ. URL: https://www.nopriz.ru/nreesters/elektronnyy-reestr/

9 The number of municipalities by constituent entities of the Russian Federation as of January 1, 2021. Rosstat. Showcase of statistical data. URL: https://rosstat.gov.ru/storage/

mediabank/3CgWEznO/1-adm-2021.xIsx

10 Glavgosexpertiza of Russia. Operational information. URL: https://gge.ru/analytics/operativnaya-informatsiya
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4. Improvement of quality of initial analysis of pre-project justifi- supervision of the project organization using an electronic
cation of projects and urban planning policy within territories digital signature. The signing takes place directly at the time
by means of the unified digital environment (combination of of inspection at the place of works’ execution on the construc-
consolidated digital model of the settlement area and digital tion site. This act is stored in a common data environment and
models of objects). cannot be forged or lost.
5. Increase of efficiency level of technical solutions’ control: 4. Possibility of remote implementation of supervisory activities
* reduction of time and improvement of quality of inspection of on the part of state construction supervision bodies can make
project documentation and uploading of models into the GIS the process of implementation of this state function more ef-
data bank called “Unified State Register of Expert Report on ficient, minimize corruption risks, reduce need for verification
Project Documentation of Real Estate Objects” (EGRZ); measures by organizing state supervision in the form of per-
e introduction of a system of remote state construction supervi- manent/discrete remote monitoring.
sion over activities of construction processes’ participants 5. Possibility of full-fledged information support of maintenance/
(transition from verification control measures to permanent renovation processes of the real estate object, prompt sub-
remote monitoring of construction processes). mission and accumulation of data on the object’s technical
6. Control of construction volume and monitoring of competitive conditions and changes in its technical and economic para-
environment in construction products’ market in order to pre- meterg o ) ) :
vent monopolization. The mam ggal of dlgﬂal transformation of the |nd.ustry |s.nlolt to
) ) ) create object’s information models as a result of project activities,
7. Increase of construction business transparency, reduction of . . " , . .
ihe shadow part of the market and as a result increase in tax but in formation of a yn/ffeq system of /ﬁteracnon of all participants
i o T of the real estate object’s life cycle using these models. A system
collection rate from organizations participating in processes. ) . . ) ) .
that allows increasing work speed, improving products’ quality and
ADVANTAGES OF BIM IMPLEMENTATION provigl?ng lcontrol of financial angl rgsourge f!ows. Transpa.rency,
specification and constant monitoring will give a cumulative re-
Digitalization of a real estate object designing, construction and sult — all participants in development and utilization of construction
maintenance processes is primarily the transfer of the system of in- products will gain a competitive advantage.
ternal production algorithms of economic entities to a single informa-
tion platform which will allow optimizing decision-making processes DISCUSSION
arwd minimizing production risks and errors. Major developers in Rus- Atthe same time, according to the authors, there is a number of
sia (I.DIK’ Aeroplane, Etalon) have already developed and succgss— both objective and subjective reasons that prevent active introduc-
fully implemented their own BIM stan.dards and autgmated plroljeclt tion of information modelling technology into the real estate object’s
malnag.ement systf—:‘ms (ASUP). Aha|¥SIS of best plractlces of digitali- life cycle processes:
zatlolnlm construction allows hlghlllghytlng the following advantages for Objective reasons are:
participants of the real estate object's life cycle: 1. High cost of software required for BIM development. According
1. Digital model of the object allows controlling efficiency of o the calculations of S. Ovsyannikov, Chairman of the Associa-
funds’ spending. It is obvious that this is one of the major is- tion Council of “Tomsk Design Association” self-regulatory or-
sues for such participants as developers, general contractors ganization, the transition to BIM technologies for a design or-
or maintenance organizations. However, introduction of BIM ganization taking into account purchases of equipment, licensed
will also increase loyalty of banks and investors who will ob- software, recruitment and training of personnel can reach up to
tain a simple and clear mechanism of monitoring the use of 500,000 rubles per workplace [1]. These are minimum non-re-
resources. At the same time even the slightest change in current costs. However, it is necessary to take into account man-
the digital model is instantly reflected in the system of techni- datory operating costs including one Autodesk workplace in
cal and economic indicators of the project. the Architecture, Engineering & Construction Collection pack-
2. Participants of development and utilization of construction age which costs about 145,000 rubles per year and the annual
products receive a collective digital environment for team- license of one RENGA workplace which costs about 55,000 per
work, even being geographically distant from each other. Al year. According to S. Ovsyannikov, only large design organiza-
participants are in constant feedback mode which allows tions teamed up with large construction companies having an
promptly responding to any changes in internal or external assured market can afford such expenses. A similar opinion is
conditions. expressed by foreign authors [16], noting that medium-sized
3. During implementation of a project a full-fledged digital docu- construction companies do not see the feasibility of investing
ment flow is maintained for all participants and not only for into BIM since the “cost”-"benefits” ratio is not efficient.
a separate entity. The electronic document management sys- 2. Shortage of qualified personnel. Few regional design organiza-
tem allows not only exchanging operational information and tions can provide necessary BIM model level of detail, quality
making collective decisions but also automating and making of design and project support of construction. The shortage of
allowances for the completed work’s inspection procedure qualified specialists is experienced by all participants of the life
(volume, quality) with the possibility of digital verification of cycle processes. What is more, while for designers who have
documents by specific officials — representatives of various been working in digital technologies for a long time the transi-
entities. For example, the certificate of concealed works’ in- tion from 2D-3D design models to 4D (taking into account time
spection prepared in automated mode immediately on factor) and 5D (taking into account cost factor) is difficult but
the construction site can be signed by contractor’s construc- understandable, many developers, construction owner’s tech-
tion supervision, developer and (if necessary) architectural nical representatives, contractors and even more so state and P>
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municipal authorities simply do not have specialists who are
able or ready to work in digital technologies. It should be noted
that there are almost no specialists of appropriate qualification
level in educational establishments (universities and technical
schools that should train personnel for digital construction and
real estate management) either.
Lack of demand from BIM users. Significant costs of creating
conditions for working with BIM and lack of qualified specia-
lists, as mentioned above, reduce the demand for digital
models from potential users. In addition, not all customers are
willing to pay for an increase in design works cost although
a 30-percent increase in design cost will only increase the to-
tal cost of construction by 2—-4 percent.
Lack of domestic software products. According to the data
from a survey conducted by 1C Company among builders
and presented at the “Digitalization of construction industry”
panel discussion held in February 2022 at the Federation
Council of the Russian Federation, 71 % of companies use
foreign software and only 19 % use domestic software''. As
part of implementation of the strategic plan, it is planned to
introduce Russian software and hardware. However, this plan
will obviously require abundant financial resources and time.
Subjective reasons:
Wariness and lack of trust, rejection of innovations, especially
if they are imposed “from above”. Designers are afraid of
the lack of demand for BIM models from customers. Custo-
mers are afraid of unwillingness of contractors to work accor-
ding to corporate and national BIM standards. Even enter-
prises that have successfully implemented BIM at their con-
struction facilities notice psychological barrier of construction
control procedure participants which they meet at construc-
tion sites. The situation is somewhat similar to the processes
that took place in Russia in 1998-2008 when the industry was
shifting from paper design and maintenance of executive
documentation to CAD-systems and 3D-visualization. Never-
theless, this factor can be regarded as ‘growth disease’. Mar-
ket mechanisms will undoubtedly be able to cope with the so-
called implementation fears, in case there is sufficient atten-
tion from statutory regulation and incentive preferences for
participants using modern methods of design and construc-
tion.
Differences in goal setting of market participants. Market con-
ditions force all participants to minimize costs by all available
means. This often results in total cost savings. Designers re-
duce expenditure on qualified personnel and material and
technical resources. Developers save on creating a specia-
lized customer service or attracting construction owner’s
technical representatives. Developers independently begin to
perform a number of functions of the construction owner’s
technical representative, sometimes even without sufficient
qualifications, initiate editing of project documentation and
approve it for work. Persons engaged in construction activi-
ties (with insufficient construction control by construction
owner's technical representative or developer) not only save
on qualification of workers and engineers (professional tech-
nical and engineering employees) but also replace materials
and products provided for by the project at their own volition
and allow considerable deviations from design solutions.

CONCLUSION

Analysis of any reforms in relation to business processes espe-

cially with utilization of innovative mechanisms indicates that admi-
nistrative or regulatory documents cannot solve the problem of in-
troduction and effective utilization of new technologies. In this case,
measures to stimulate utilization of innovations on mutually benefi-
cial terms for business and state are needed.

The authors propose the following strategic measures for

the introduction of information modelling technology by the state:

1.

Development of regulatory framework for information model-
ling in construction including development of a unified set of
standards and introduction of classifiers of information, mod-
els and elements.
Organization and financial support by the state of the system
of professional training and advanced training of teachers in
universities and technical schools, specialists in construction
industry, employees of state and municipal government bo-
dies performing functions of state and municipal customers
for implementation of investment projects in the field of deve-
lopment of information technology and BIM models in design,
construction and maintenance of real estate.
Development of national information modelling platform and
its free or subsidized distribution among market participants
and educational establishments of the country.
Development of a national open source database of elements
of information models. The database is to be free of charge for
participants and is to be renewed by manufacturers of pro-
ducts/elements/components and other developers. The mode-
rator of the process of the database filling is the Federal Agen-
cy for Technical Regulation and Metrology (Rosstandart).
Provision of the system of financial support for developers of
domestic BIM software and subsidizing/tax incentives for
participants of objects’ life cycle for its purchasing.
Development and implementation of a unified national digital
platform-aggregator of ready-made digital models of capital
construction projects and a unified digital terrain model that
will allow obtaining real-time information on the object and re-
cording changes made to the object in chronological order.
This platform should provide the possibility to be integrated
with other external systems that allow combining object mod-
els and environments in different formats, these shall include:

® GISOGD (two-dimensional geo-information base surfaces
and urban planning data of territories);

¢ public cadastral map and Federal Service for State Registra-
tion, Cadastre and Cartography (Rosreyestr) data;

¢ geological research data;

® topographic base;

e industry-based GISs (forests, agricultural industry, invest-
ments);

e engineering facilities (communication networks, resource
supply, transport communications, etc.).

The given platform solution can become basis for the next step

in digitalization of economy, namely transition to CIM — City Informa-
tion Modelling — a complex of technologies and various data that
combines geo-information systems and digital model detailing in
three-dimensional space, collecting information on natural land-
scape, buildings and infrastructure. City Information Modeling should

11 Digital “mosaic” will not lead to real digitalization of the industry. Construction Business News Agency. 2022. February. URL: http://ancb.ru/publication/read/12643
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become the digital basis of urban surveying [32] — a professional
management system of urban development in order to the best and
most effective use of the urban land and property complex in the in-
terests of the population, business and government.

In the authors’ opinion, “digital revolution” should be directed into
the evolutionary path of BIM implementation which should be based
on the internal need of market participants to use such technology to
interact with each other. In this case joint efforts of market partici-
pants under conditions of comprehensive introduction of information
modelling technology will contribute to the increase in efficiency of
investment and construction project management and increase in
productivity, quality and safety of construction products.
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Homorun. MNpepnoxeH psg Mep, NO3BOMAOLLMX MOTUBMPOBATHL
BCEX Y4aCTHUKOB MPOLLECCOB XXU3HEHHOrO LMKNna O6BbEKTOB He-
OBMXMMOCTN BHeApATb building information modelling systems.
MpepnoxeHo NnatopMeHHOE peLleHre, KOTOPoe MOXET cTaTb
LIarom Ha NyTv Nepexofa K crnegyoLiemy atany pasButus Lmd-
posu3aunm — City Information Modelling. O6beanHeHne Ha of-
HOW LuMdbpoBoOW nNnaTopme Komnnekca MHPOPMaLMOHHbIX TeX-
HOMOMMN M pa3HoOobpasHbIX AaHHbIX MOXET CTaTb LMdpPOBOWA
OCHOBOW ypbocepBennHra — CuUCTEMbl NPOdECCUOHANTBLHOIO
yrnpaBneHnsi FOPOACKUM PasBUTUEM B LIENAX Haumy4Llero n Ha-
noonee ahpeKTUBHOIO MCMONb30BaHUA FOPOACKOro 3eMesIbHO-
MMYLLIECTBEHHOIO KOMMJEKCa B MHTepecax HaceneHuns, 6usHeca
n Bnactu. CgenaH BbIBOA O HEO6XOOMMOCTM nepeBofa «Lmd-
POBOW PEBONIOLMM» Ha 3BOJIOLMOHHBIA NyTb BHegpeHus BIM,
KOTOPbLIA [OMKEH 6a3MpoBaTbCs Ha BHYTPEHHEW NOTPEOHOCTU
YHaCTHMKOB BCEX NPOLIECCOB XN3HEHHOro LMKna 06bEeKTOB He-
OBWXMMOCTW B UCMONb30BaHUN JAHHOW TEXHONOMMM ANs B3au-
MOBbIFOQHOr0 B3aMOAENCTBUSA MeXay CO60M.

KnrodeBblie cnoBa: ungposas TpaHcgopMmauus, Lumgposm3auyms
B CTPOUTESIbCTBE, TEXHOOMMN MHEPOPMAaLMOHHOrO MOAENpoBa-
HUS1, KUSHEHHbIV UNKIT O6bEeKTa HeABUXXUMOCTU
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The article addresses the defining role of multi-apartment housing construction in improving the living conditions
of the population of the Russian Federation. This role requires solving the problems of choosing rational construc-
tion, architectural and economic solutions. The article analyzes problems of transition from shared equity con-
struction, associated with high risks accompanying this mechanism of organization of housing construction fi-
nancing, to project financing. The author demonstrates objective transition difficulties for the population, banks
and developers. At the first stage, these fundamental transformations led to a significant reduction in construc-
tion, a slowdown in housing construction, and a decrease in the number of construction permits issued. The ope-
rational statistical information presented in the article indicates that in the second half of 2021, that is, two years Belkina
after the entry into force of the legal documents on transition to project financing, the situation began to change. Tatiana Dmitrievna,
The number of project financing applications received by banks has increased markedly compared to the same Doctor of Economics, Associate
period of the last year. A number of indisputable advantages of project financing over shared equity construction, Professor, leading researcher;
formulated in the article, allow assuming a significant increase in the amount of construction of apartment buil- Institute of National Economic
dings and housing construction in general. It is noted that transition to project financing has ensured the stability Forecasting of the Russian
of the housing market during the economic crisis caused by the pandemic. Largely thanks to credit lines, develo- Academy of Sciences; 47
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mproving the living conditions of the population is is significantly higher (30.5 % in Germany, 30.25 %
one of the main tasks set by the world community, in Italy, 27.8 % in the USA) [1].
having fixed it in the system of the Millennium One of the most important directions of reforming
Goals' and in the Sustainable Development Agenda?, the housing sector and the formation of a civilized
aimed at ensuring access for all to adequate, safe housing market is the transition in 2019 to a new sys-
housing, basic services and landscaping by 2030. tem of financing multi-apartment housing construc-
For Russia, the severity of the housing problem tion (project financing). In the process of improving
has not weakened for many years, although the task the living conditions of the population, the role of
of improving the housing stock is one of the central multi — apartment housing construction is very high.
ones in almost all program documents adopted by Over the past 10 years, the share of apartments in
the government. apartment buildings in the total volume of commis-
In a study by the Organization for Economic Co- sioning of residential units, including individual resi-
. . o
operation and Development (OECD), which eva- dential buildings, has pgen at least 73 % annually
luates the achievements of countries in the world in (T.a.ble 1. QUt Qf 67'5 m'”'Oﬂ_ there are m9re than 62
) . . ) million residential units forming the housing stock of
terms of the well-being of their population, housing . ) )
L o Russia — these are apartments in apartment buil-
conditions are measured by three complex indica- ) i
dings [2]. And although the volume of construction of
tors: the number of rooms per person (the average L ] ) o :
) individual residential buildings continues to grow ac-
number of rooms per person in a house (apartment), ) . ) )
- ) . - . ; tively, the importance of multi-apartment housing
housing with basic utilities, housing costs (the ratio ) )
¢ ) ) camily ; stock and housing construction does not weaken,
of housing COST? and net adjusted family mcomela ) and requires the search for rational construction, ar-
ter taxgs). Russia ranks Ilast amgng tlhe Torty Ieadln.g chitectural and economic solutions.
countries of the world in the first indicator, 37 in One of the acute problems of multi-apartment
.the second, and fifth in th? '?“ - However, taking housing construction in the post-perestroika period
into acgount the absolute indicators of househgld was the organization of construction financing.
expenditures, we can say that the share of housing In world practice, housing construction is usually
and communal services in them is correspondingly financed by banks, that is, the mechanism of bank pro-
very insignificant. The share of housing construction ject financing is used. In Russia, with the actual with-
costs in the total gross fixed capital accumulation in drawal of the state from the industry, the main tool for
2019 in Russia was 13.2 %, which cannot be consid- solving the housing problem has become the mecha-
ered sufficient, especially in comparison with deve- nism of shared-equity construction, that is, direct at-
loped economies, where the value of this indicator traction of citizens’ investments in construction, which
1 The Millennium Goals. URL: https://www.un.org/ru/millenniumgoals/ (Accessed: October 15, 2021).
2 The Sustainable Development Agenda. URL: https://www.un.org/sustainabledevelopment/ru/progress-report/ (Accessed: 15.10.2021).
3 The better life index. (The OECD Better Life Index). URL: https://oecdru.org/betlife.html (Accessed: November 27, 2021). >
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Table 1. Commissioned housing

Years 2011 2015 2016 2017 2018 2019 2020
Comm|33|0ned housing, number of residential 717 1195 1167 1139 1076 1120 1122
units, thousands

The share of residential units in apartment

buildings in the total number of commissioned 73.2 77.2 78.5 78.6 78.3 75.3 73.4
residential units, %

is rarely used in the world. For developers at the beginning of the pe-
restroika period, it created a unique and unigue opportunity in the con-
ditions of an undeveloped banking system to receive an interest-free
loan from an interest-holder for the entire construction period. For an
equity investor (buyer) with a low income level, it was also practically
the only chance to purchase housing at an early stage of construction
(“pit stage”) at a cost 20-40 % lower than the cost of a finished apart-
ment. It was this circumstance that ultimately outweighed the obvious
risks associated with the termination of construction, the ruin of con-
struction companies, fraud and other problems that inevitably accom-
pany this housing finance mechanism.

As for the legal framework for shared-equity construction, it
was not sufficiently developed and home buyers often suffered sig-
nificant losses of various kinds as a result.

The law designed to protect shareholders was adopted on De-
cember 30, 2004 by Federal Law No. 214 “On Participation in
the Shared Construction of Apartment Buildings and Other Real
Estate Objects and on Amendments to Certain Legislative Acts of
the Russian Federation™. However, cases of fraud, which became
especially frequent after 2008, testified to the insufficiency of state
regulation of this sphere, despite the adoption of the law. In the fall
of 2017, the “Fund for the Protection of the Rights of Shareholders”
was registered to check the financial stability of developers and

monitor their work. On the basis of the Fund, a compensation fund
was formed for the completion of houses for defrauded sharehol-
ders. In 2019, they began to maintain a unified register of proble-
matic objects. The register includes all objects for which develo-
pers delayed construction or were late with the transfer of keys to
shareholders for more than six months. Objects are included in
the list automatically if the developer has not posted the necessary
documents on the completion of construction or other stages of
work in the Unified Information System of housing construction®.

Despite all the measures taken, at the end of 2021, 2,564 hou-

ses were listed in the register of problematic objects, the living area
of which amounted to almost 15.4 million square meters (Table 2)°.

The Federal Law No. 478-FZ dated 25.12.2018 “On Amend-

ments to the Federal Law “On Participation in the Shared Construc-
tion of Apartment Buildings and Other Real Estate Objects and on
Amendments to Certain Legislative Acts of the Russian Federation”,
which entered into force on July 1, 2019, should finally solve
the problem of deceived shareholders’.

According to this law:

e since July 1, 2019, Russian developers have stopped attrac-
ting money from shareholders directly. Funds, since the buy-
ers of apartments invest, it became necessary to keep on
escrow accounts;

Table 2. Problematic housing construction projects (as of December 24, 2021)

Total
Progress in solving the housing problem Livi
Number of houses Number of developers ving area,
thousand sg. m
The overall result 2,564 975 15,383
Bankruptcy“proceedmgs have been |n|t‘!ated in accordance with Federal Law 1,777 592 10317
No. 127 — “On Insolvency (Bankruptcy)
And a different bankruptcy procedure has been launched in accordance with 132 2 459
Federal Law No. 127-FZ
Construction completion deadlines have been violated for more than 6 months 363 205 2,237
The deadlines for the transfer of the shared-equity construction object for more 292 156 2377
than 6 months have been violated

4 On housing construction in the Russian Federation in 2020. URL: https://rosstat.gov.ru/storage/mediabank/VIz36soXi/jil-str_2020.pdf (Accessed: October 22, 2021).

5 On Participation in the Shared Construction of Apartment Buildings and Other Real Estate Objects and on Amendments to Certain Legislative Acts of the Russian Federation : Federal
Law dated 30.12.2004 No. 214-FL. Information and legal base “Consultant Plus”. URL: http://www.consultant.ru/document/cons_doc_LAW_51038 (Accessed: November 23, 2021).

6 The Ministry of Construction of the Russian Federation. Unified information system of housing construction. URL: Haw.gom.pd

7 Problematic objects of housing construction. URL: https://www.minstroyrf.gov.ru/problem-objects (Accessed: November 23, 2021)
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® housing construction must be carried out at the expense of

bank loans to the developer: project support;

e developers can use the funds of shareholders only after

the commissioning of the facility;

in some cases, it was allowed to finish building houses accor-
ding to the old scheme of attracting citizens’ funds, if they meet
the criteria established in this regard by the legislation.

The housing market has adopted the new financing system with
great caution. As a result, the volume of housing commissioning in
2019 turned out to be significantly lower than the targets of the na-
tional project “Housing and Urban Environment”®. The pandemic of
a new coronavirus infection has worsened the situation. The grea-
test decline in business activity was noted in the second quarter
of 2020. Experts drew attention to the unwillingness of all parties
involved in construction to switch to a new model of financing con-
struction projects. They believed that the developers were not
ready, because it would be more expensive for them to finance
(and, besides, they then need to put their accounts in order so that
it becomes clear to banks and transparent). Banks are not very
ready, because they do not fully understand the risks of such len-
ding, and they do not yet have enough competencies and specia-
lists who can control the construction process, read project docu-
mentation, and so on. And potential buyers of housing are not
ready, because they are afraid that it will be more expensive for
them ®.

Indeed, the turn to new technologies was so decisive that it led
to a reduction in the so-called “construction backlog” or the on-
going construction of residential buildings. The volume of current
construction in 2020 decreased by 20 million square meters of total
area [3] (Table 3). At the same time, it is especially significant in
the Central and North-Western Federal Districts.

The main reasons for the reduction in current construction and
the slowdown in the pace of housing commissioning were as follows.

¢ not all developers had sufficient own funds, the availability of

which was required by banks to start lending projects;

e low-margin projects, of which there are especially many in

the regions, did not find credit support;

* investors showed a certain caution when concluding contracts,

which was explained by the novelty of the financing mechanism;
¢ the competitive environment in the field of housing construction
has weakened, which is due to theleaching of small and

Table 4. Number of construction permits issued

Table 3. Apartment buildings under construction in accordance with
Federal Law No. 214-FZ of December 30, 2004, (total area in sq. m)

Region 01/01/2020 01/01/2021
Russian Federation 169,784,148 149,374,263
Central Federal District 61,333,050 55,546,196
Northwest Federal District 32,763,849 25,973,446
Southern Federal District 21,287,861 18,196,547
North Caucasian Federal District 3,279,908 2,796,688
Volga Federal District 23,098,076 20,956,786
Ural Federal District 11,495,517 10,197,197
Siberian Federal District 13072 788 11,933,339
District Far Eastern Federal District 3,453,099 3,774,064

medium-sized construction business from the market, which
does not always meet the requirements of banks in its character-
istics.

Evidence of a clear problem in housing construction at
the same time was a reduction in the total number of construction
permits issued (Table 4).

This was due to the fact that despite the increase in the number
of construction permits involving the use of escrow accounts, they
were not issued enough to compensate for the drop in the number
of construction permits without the use of escrow accounts'™. The
reason was that many developers could not get permission to erect
an object within the framework of project financing due to the inabil-
ity to fulfill a number of requirements, among which the following
were the main ones:

e confirm the presence of at least 10 % of the total cost of

the object being built;

® do not have current delinquencies on targeted loans and credits;

e have in the arsenal of the company at least one successfully

implemented construction project with an area of at least
5,000 square meters and others.

Construction permits 31/12/2019 30/06/2020 31/12/2020 30/06/2021 30/12/2021
All mechanisms, including 7,013 6,454 5,802 6,194 6,181

The use of escrow accounts 1,831 2,511 3,230 4,390 4,956
Payments to the compensation fund 4,110 3,261 2,089 1,446 926
Without raising citizens’ funds as of

01/07/2019 1,072 682 483 358 299

8 On Amendments to the Federal Law “On Participation in the Shared Construction of Apartment Buildings and Other Real Estate Objects and on Amendments to Certain Legislative
Acts of the Russian Federation” and “Certain Legislative Acts of the Russian Federation” : Federal Law dated 25.12.2018 N 478-FZ. Information and legal base “Consultant Plus”. URL: http://
www.consultant.ru/document/cons_doc_LAW_314260 (Accessed: November 23, 2021).

9 National project “Housing and Urban Environment”. URL: https://www.minstroyrf.gov.ru/trades/natsionalnye-8proekty/natsionalnyy-proekt-zhilye-i-gorodskaya-sreda (Accessed:
September 5, 2021)

10 Current construction. Unified information system of housing construction URL: Halu.fjoM.pd/aHanuTuka/nokasarenm xunuLiHoro_ctpoutenscrea (Accessed: November 23, 2021). >
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Despite the difficulties of the transition, the mechanism of pro-
ject financing was gradually mastered by developers and banks.
Positive changes were outlined in the 2nd quarter of 2021.

In this critical situation, the state supported the construction in-
dustry and subsidized mortgage rates (up to 6.5 % per annum),
rates on loans from developers, individual groups of home buyers
(large families, etc.), and also allocated funds for the purchase of
housing from developers by local authorities.

In the second half of 2021, the trend of reducing current con-
struction was broken. As of November 1, 2021, housing commissio-
ning in the territory of the Russian Federation amounted to 72.5 mil-
lion square meters, which is 31.9 % higher than in the same period in
2020, of which apartment buildings — 31.8 million square meters,
which is 22.6 % higher than in the same period in 2020, residential
housing — 40.7 million square meters, which is 40.1 % higher than in
the same period in 2020. By the end of the 3rd quarter of 2021. The
number of applications for project financing received by banks has
increased by 1.7 times compared to the same period last year,
the number of approved applications has more than doubled.

The transition to project financing turned the housing market
upside down and ensured its stability during the economic crisis
caused by the pandemic. Largely thanks to credit lines, developers
managed to hold on in the spring of 2020, when demand sharply
decreased due to the pandemic'.

Fears about a decrease in the volume of housing commission-
ing and demand for it are gradually dissipating. Moreover, there are

a number of indisputable advantages of project financing. They are
as follows.

e due to the use of escrow accounts, the risks of home buyers
at the construction stage have decreased;

® the transition to new rules in housing construction has pro-
vided developers with the opportunity to have a reliable fi-
nancing channel independent of the housing market;

¢ the growth of citizens’ funds in escrow accounts allows banks
to set reduced rates on loans to developers;

e the introduction of new rules for financing construction has
become one of the factors of the revival of multi-apartment
construction;

e developers build faster so as not to lose the money of share-
holders on escrow accounts;

e companies with financial stability and capable of ensuring
the quality of construction are being formed in regional markets.
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HoBble MHCTpyMeHTbI huHaHCUpoBaHUA
XUMULLHOro cTpouTenbcTBa B Poccurickon
depepauun: nepeble pe3ynbraTtbl

M nNepcneKT1Bbl

[NokazaHa onpeaensioLLas Ponb MHOFOKBaPTUPHOIO XUIULLIHO-
ro CTPOUTENbCTBA B YyHLLIEHUN YCNOBUIA MPOXKMBAHWS HACeNeHns
Poccuiickon @egepaumn, YTo TPpebyeT pelleHns 3aaay Bbibopa pa-
LIMOHaIbHbIX CTPOUTENBHBIX, aPXUTEKTYPHBIX Y SKOHOMUYECKNX pe-
LeHuin. B cTatbe gaH aHanua npobnem nepexopa OT AONEBOrO
CTPOUTENBCTBA, CBA3AHHOIO C BbICOKMMI PUCKaMK, COMPOBOXXAat0-
LLIMMW AaHHBIA MEXaH13M OpraHv3aLmmn MHAHCUPOBAHNS MXUMNLLL-
HOrO CTPOUTENBLCTBA, K MPOEKTHOMY dOMHaHCKMPOBaHMIo. NokasaHa
0ObEKTUBHOCTb CNOXHOCTEN nepexofa ANA HaceneHus, 6aHKoB
1 3aCTPOMLLIMKOB, YTO NPVBENO Ha MEPBOM 3Tane 3TvX KapavHab-
HbIX NPeobpas3oBaHNii K CYLLECTBEHHOMY COKPALLEHNIO TEKYLLEro
CTPOUTENBCTBA, 3aMEAIEHWIO BBOAA XWIbS, YMEHBLLEHMIO KOSTNYe-
CTBa BblaHHbIX paspeLleHnin Ha CTPOUTENLCTBO. [peacTasneHHas
B CTaTbe OMnepaTtunBHas cTatMcTnyeckas MHAOpMaLs CBUAETENLCT-
BYET, 4TO BO BTOpOW nonosuHe 2021 1., TO eCTb Yepes ABa roga rno-
Cne BCTYNNEHUs B CUNY NPaBOBbIX AOKYMEHTOB O Mepexofe K Npo-
EeKTHOMY (PMHaHCKMpOBaHWIO, CUTyaLma cTana MeHsTbCeA. Beog
XKnnbst Ha 1 HosIBps 2021 I, KOMMYECTBO 3a9BOK Ha MPOEKTHOE K-
HaHCMpOBaHWe, NOCTYNMBLUMX B 6aHKK, MO CPABHEHWIO C TEM Xe
nepvoaoM MPOLLIOrO roAa 3aMeTHO BbIPOCAW. Psa HeoCnopuMbIx
NPEeVMYLLIECTB NPOEKTHOr0 MHAHCUPOBaHWA Nepen AONEeBbIM
CTPOUTENBECTBOM, COPMYNMPOBAHHbIE B CTATbE, MO3BONAOT NPef-
ronaraTb CyLLECTBEHHbI POCT 06bEMOB CTPOUTENLCTBA MHOMOK-
BAPTMPHbIX XKNMbIX AOMOB W B LIEMTOM »KUULLIHOFO CTPOUTENLCTBA.

OTmeYeHo, 4TO Mepexon Ha MPOEKTHOe (hHaHCMPOBaHWe obecne-
YN CTABUNBHOCTb PbIHKA XWMIbsi BO BPEMS SKOHOMUYECKOr0 KpU3K-
ca, Bbl3BaHHOro naxngemuer. Bo mHorom 6naropaps KpeamTHbIM
NVHUAM 3aCTPOMLLMKaM yaanock yaepxxartscs BecHor 2020 roga,
Korfa v13-3a naHaemmm Crpoc PE3KO COKPATUIICS.

Knro4deBble cnoBa: XuinLLHbIA ¢OHA, MHOIrOKBapTUPHOE
JKUINLLIHOE CTPOUTENLCTBO, MMPOEKTHOE (hUHaHCHUPOBaHWe, Jone-
BOE CTPOUTEbCTBO, NaHAeMUs
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Using eco-development models to simulate
the life cycles of the reproduction

of accelerated development of industrial
real estate at industrial parks

The authors address development problems of large industrial real estate facilities and their accelerated repro-
duction in the national market of industrial parks as the priority area of industrial construction. For this purpose,
management models of life cycles focused on reducing construction time are considered as a strategic organiza-
tional and economic mechanism for the accelerated reproduction of industrial real estate facilities. The application
of the concept of industrial eco-development, sustainable growth, green construction priorities, a system of tax in-
centives for budgets at all levels, elements of public-private partnerships and special-focus management compa-
nies responsible for the entire life cycle of these production and economic systems are considered as the key ele-
ments for reducing the life cycles of investment projects.

The relevance of this research area is determined by the significant demand for studies in the area of improving
the established theoretical and practical approaches to the organization of industrial construction towards acce-
lerating the socio-economic development of territories by means of the accelerated reproduction of large industrial
real estate facilities. The innovative sector of industrial parks should boost the development of various types of in-
dustrial facilities. This process predetermines the importance of efficiently simulated life cycles of industrial parks
and the accelerated reproduction of real estate as the government tool to tackle the crisis and rise the number of
competitive goods. The establishment and development of the national market of industrial parks requires the de-
velopment of industrial construction methods based on advanced ideas in the field of modeling the life cycles of
capital construction projects, sustainable growth, ecological industrial development in relation to modern industrial
construction facilities such as industrial parks.

The research objective is to develop methodological approaches and practical recommendations on simulating the
life cycles of industrial parks to ensure the accelerated reproduction of the real estate based on the models of in-
dustrial eco-development and sustainable growth.

The subject of research is the development of the national market of industrial parks as a special innovative mar-
ket segment of industrial construction focused on the accelerated reproduction of industrial real estate in the con-
text of the need to reduce the implementation term of these investment projects.

The article demonstrates the following research results: development trends of the national market of industrial
parks; organizational and economic mechanisms underlying the establishment and growth of the market of indus-
trial parks in Russia and worldwide; structurization and analysis of organized impacts related to the state priorities
in respect of the nation-wide establishment and development of industrial parks; the track record of application of
the concept of sustainable growth and eco-development to industrial construction and the practice of building in-
dustrial parks; simulating the life cycle of industrial real estate in the context of its accelerated reproduction using
the tools of industrial eco-development and sustainable growth; formalizing the multicomponent sustainability in-
dicators of life cycles of industrial parks and their eco-development; the economic and mathematical interpreta-
tion of projected sustainability values for the life cycles of industrial eco-development as the economic reliability
of reproduction processes in industrial construction exemplified by Severny Almaz industrial park at the early sta-
ges of its planning.

Keywords: modeling, life cycles, accelerated reproduction, industrial parks, industrial construction, industrial real
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INTRODUCTION trial real estate facilities can be formulated and
1.1. OVERVIEW OF THE SITUATION solved. - ,
The task of modeling national strategies towards

he analysis of present-day features of industri- accelerating the socio-economic development of
Tal construction and its development in Russia countries and communities using organizational and

and abroad indicates that its special innovative economic mechanisms focused on the accelerated
segment — the market of industrial parks — is in the reproduction of industrial real estate through tighter
process of establishment and development. This deadlines set for these types of investment projects
market segment should be attributed to an actively has proven to be particularly relevant. The current
developing type of industrial construction, capable of global trend in the management of capital construc-
boosting the industrial potential in communities and tion facilities is life cycle management. In this regard,
countries due to special management techniques ap- the study examines management models for the ac-
plied in the course of building industrial parks. Hence, celerated establishment of industrial facilities by
problems of accelerated reproduction of large indus- means of setting tighter deadlines. 4
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The application of the concept of industrial eco-development,
sustainable growth, the green construction priority, the system of
taxation benefits at all levels, elements of the public-private partner-
ship are considered as the key elements of accelerated construc-
tion of industrial facilities.

It is also important to ensure efficient organizational manage-
ment structures based on the establishment of management com-
panies included in the public-private partnership system responsi-
ble for the operation of the whole life cycle of these production and
economic systems that have elements of tax benefits for residents.

The scope of problems confirms the relevance of this area of
research. There is a significant demand for studies in the field of
improving the established theoretical and practical approaches to
industrial construction, and its rising performance can accelerate
the socio-economic development of areas.

Hence, the national market of industrial parks requires the de-
velopment of industrial construction methods based on the ad-
vanced ideas of modeling the life cycles of capital construction fa-
cilities, sustainable growth, industrial eco-development in relation
to cutting-edge industrial parks and special economic zones.

1.2. REVIEW OF LITERATURE

The legal framework allows industrial parks to become lucrative
for investments through special customs procedures, taxation and
labour legislation' 2 3. As a result, the range of support extended to
industrial parks reduces investment payback terms two-fold. The ef-
ficiency of industrial parks and their development in Russia is con-
firmed by individual studies [2], while the statistics available on the
website of the Association of Russian Industrial Parks* has proven
a steady growth in the number of industrial parks in the country from
80 in 2013 to 334 in 2020. At the same time, the number of jobs has
grown from 56,773 to 185,395 at the annual growth rate of 18.4 %,
and the increase in the number of residents has grown from 958 to
3,498 featuring an average annual growth rate of 20.3 %. The total
amount of investments made in industrial parks in 2020 reached to
1.6 trillion rubles, which is twice the amount invested in 2013.

The review of the international experience, accumulated by the
United Nations in applying the concept of sustainable development
to sustainable development objectives®, the analysis of the report
on Russian sustainable development objectives issued by the ana-
lytical centre of the Government of the Russian Federation®, the
analysis of sustainable development implementation mechanisms
[2], as well as present-day regulatory requirements for urban plan-
ning’ and other sources indicate a new organizational stage in the

development of industrial construction. This stage can be defined
as the stage of sustainability assurance through the modeling of
sustainable eco-development of areas designated for the repro-
duction of industrial real estate.

This global trend determines the priority of managing the sus-
tainability of national development from the standpoint of building
competitive industrial potential on the basis of the effective repro-
duction of cluster-oriented portfolios of industrial real estate. In this
regard, the development of the industrial construction market is of
great importance in the context of promotion of industrial parks as
an effective form of fundraising in the sector of clustered portfolio
systems focused on industrial real estate.

This type of industrial construction market is a special model of
project financing; it contains elements of public-private partnership
employed to finance the engineering infrastructure of industrial con-
struction sites, as well as related tax benefits for residents.

The priority of sustainable (green) development is confirmed by
the relevant Government Decree No. 1587 of September 21, 20218,
which approves of the green project financing criteria and initiatives
in the field of sustainable development. This Decree defines
the green terminology and the following concepts: a sustainable
development project; a portfolio of sustainable development pro-
jects; a green financial instrument and others.

It's worth mentioning that according to Order of the Govern-
ment of the Russian Federation [11] dated July 14, 2021 No. 1912-r,
national goals and main directions of sustainable (green) develop-
ment of the Russian Federation include investment activities in the
field of construction, that encompasses industrial real estate and
industrial construction.

Two types of projects are suggested as the basis for invest-
ments in the field of sustainable development. Firstly, this is
a “green project” that is in line with all principles of sustainable de-
velopment specified in paragraph 2 of the above-mentioned de-
cree issued by the Government of the Russian Federation. Sec-
ondly, the “adaptation project” that is in line with one or more
directions set by Order No. 1912-r issued by the Government of the
Russian Federation on September 14, 2021°.

The Russian Federation plans to use VEB.RF state develop-
ment corporation as the main “methodological centre” for sustain-
able development. According to the federal legislation™, this corpo-
ration is responsible for the methodological support in the field of
investment activities in sustainable (green) development and con-
tributing non-budgetary funds to relevant projects. VEB.RF state
development corporation is empowered to co-manage develop-
ment institutions and social entrepreneurship in Russia.

1 About Industrial (Industrial) Parks and Managing Companies of Industrial (Industrial) Parks : Order of the Government of the Russian Federation as of August 4, 2015 No. 794.
2 About Industrial Policy in the Russian Federation : Federal Law as of December 31, 2014 No. 488-FZ.
3 About strategic planning in the Russian Federation : Order of the Government of the Russian Federation as of October 30, 2014 No. 1119 and of August 11, 2015, No. 794, FZ-172 of

June 28, 2014.

4 Association of industrial parks of Russia. URL: https://indparks.ru/upload/iblock/5b4/Blok2021_WEB_4.compressed.pdf (Accessed: February 23, 2022)
5 Sustainable development goals. URL: https://www.un.org/sustainabledevelopment/ru/sustainable-development-goals/
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Hence, the analysis of contemporary national development
trends indicates that the key strategic area of industrial real estate
reproduction, being a booster of the socio-economic development,
is the preparation and implementation of investment projects and
programmes of this type from the standpoint of the sustainable
development paradigm based on “green projects” or “adaptation
projects”.

This scope of problems determine the need to improve the es-
tablished models of industrial real estate development from the
standpoint of using all criteria of green and adaptation projects
within the framework of verification of sustainable (green) develop-
ment projects in the Russian Federation. The task of allocating and
using innovative funding for these types of projects, including the
use of non-budgetary sources through the issuance of “green
bonds”, loans or credit lines, is fully justified and acceptable.

These prerequisites determine the need to improve the accele-
rated construction of all types of industrial facilities, including indus-
trial parks and industrial zones in the context of benefits to be pro-
vided through structuring sustainable local business systems of
industrial construction as a special type of operating models of
ecological industrial development based on the principles of sus-
tainable and green performance.

This move determines the need for theoretical and practical re-
search in the field of the concept of relevant sustainable develop-
ment with the focus on the accelerated reproduction of industrial
real estate facilities based on the ideology of industrial eco-deve-
lopment.

This is especially important from the standpoint of the national
environmental industrial construction standard, applied to con-
struction of industrial parks. This trend is relatively new for Russia,
but the need for a nationwide environmental standard for industrial
construction is becoming more and more obvious every year. This
scope of problems manifests itself in the lack of a unified eco-de-
velopment assessment system both in terms of design, construc-
tion and operation according to urban planning regulations. There
is also no unified legal framework for the large-scale implementa-
tion of eco-development and green construction principles. Prob-
lematic issues include the inevitable increase in the cost of indus-
trial construction projects, which is boosted by supplementary
eco-development requirements. This, of course, requires new ap-
proaches to the effectiveness of green building innovations and the
importance of designing competitive eco-systems in the sector of
industrial parks and their development.

A review of several studies in the field of eco-development,
green construction in Russia [3-8], global practices in construction
and architecture [9-15] shows that despite the views expressed by
a number of researchers, industrial eco-development is the least
developed area of commercial real estate development, especially
in view of its applicability to the national market of industrial parks.
The review proves that the assessment of the cost of life cycles of
investment facilities in industrial parks should be considered pro-
mising from the viewpoint of the ownership costs for ultimate con-
sumers, as well as the importance of competitive evaluation of eco-
oriented life cycles of capital construction projects [16, 17].

In Russia, eco-construction is at the start, whereas in the USA
it has already captured 20 % of the market, in Europe — about
15 %, in Russia — less than 1 % so far.

One of the main factors restraining its development is the cost
of certification, that the Russian developers do not consider appro-
priate. Also, eco-friendly building materials, authorized by “green”
standards, significantly increase project investment costs. In this

regard, the promotion of “green” construction in Russia is a relevant
issue in line with global contemporary trends in the development of
the construction industry.

The development of the national market of industrial parks and
special economic zones, despite its obvious achievements, has
great potential for growth from the perspective of the issues studied
in this article. This fact has predetermined the objective of the
study, that is, to develop the methodological approaches and prac-
tical recommendations on the simulation of the life cycles with
a view to the accelerated reproduction of industrial real estate in
industrial parks using models of industrial ecological and sustain-
able development.

2. METHODS

The implemented research project has allowed the authors to
make a conclusion that the key criteria used in the functional and
structural modeling of life cycles of industrial construction projects
at industrial parks (IP), considered as eco-development systems
(GD,,), should be formalized with the help of a life cycle system of
these types of capital construction projects.

A three-dimensional model of a system, consisting of a set of
functions, is employed as the backbone for modelling the life cycle
of industrial eco-development construction projects at industrial
parks (GD,,). They should be considered as targets or local results
needed to ensure better ecological and economic performance of
this system at each stage of the GD,, life cycle.

The authors believe that the efficiency and organizational eco-
nomic reliability of GD,, processes should be determined from the
viewpoint of organizational economic stability of reproduction pro-
cesses at the minimum ownership cost of a portfolio of industrial
real estate, considered as part of the IP for residents who may be
owners or tenants.

The research paradigm, applied by the authors, has proven the
feasibility and prospects of analyzing the life cycle of IP’s industrial
eco-development as a functional and reliable system consisting of:

o firstly, stages in the life cycle of industrial eco-development

(Zi-j), as the basis for structurization and simulation of life cy-
cles dealing with the management of this innovative type of
industrial development. The number of (i-j) stages here is the
subject of projections and methodological modeling;

e secondly, local functional tasks of industrial eco-development

L;. In this study, the author considers them as solutions to local
problems or as a route towards cumulative integral results.
Functional tasks generate the environmental integrity or
“greenness” of any subsystem in GD,, development life cycles.

The authors propose to use G1 criteria included into the follo-
wing 9 basic subsystems treated as key green functional eco-de-
velopment indicators: eco-functions of environmental management,
environmental design solutions towards the optimization of eco-re-
quirements and their implementation; G2. Eco-functions focused on
infrastructure and environmental quality, as well as their implemen-
tation; G3. Eco-functions in the field of architectural, space-plan-
ning and design solutions and their implementation; G4. Eco-func-
tions in the field of thermal, light, and acoustic comfort and the
indoor environment; G5. Eco-functions in the field of sanitary pro-
tection, its quality and waste disposal; G6. Eco-functions in the field
of rational water use and regulation of wastewater disposal; G7.
Eco-functions in the field of energy saving and energy efficiency
(Reduction of heat energy consumption for heating and ventilation
of buildings; reduction of heat energy consumption for hot water
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P> supply; reduction of electricity consumption; reduction of specific

total primary energy consumption by engineering systems; use of
secondary energy resources); G8. Eco-functions focused on envi-
ronmental protection in the process of industrial construction and
subsequent demolishing of capital construction facilities in order to
minimize the impact of materials used in construction, waste ge-
neration during construction work, as well as the implementation of
measures to protect and restore the environment during construc-
tion; G9. Eco-functions ensuring life safety, or backup power, water
and heat supply infrastructure, as well as other elements of indus-
trial, transport, social and logistics infrastructure of industrial parks;
e thirdly, there are eight levels of managing the eco-development

of industrial parks: w; — state management at the Federal le-

vel; w, — state management at the level of a subject of the
Russian Federation; ws — municipal level; w, — management

of individual specialized IP projects; ws — IP management
against the background of special economic zones; wg — pro-
cedural IP management based on national and global stan-
dards; w; — managing the expansion of the system of indus-
trial eco-development based on business partnerships and
consortia; wg — the business process level of investment pro-
ject management;

e fourthly, large industrial structures as a special type of repro-
duction and a cluster portfolio of reproduced types of indus-
trial real estate (KPx).

The author has elaborated a fundamental functional model for
the eco-development of life cycles of industrial parks (GD,,), which
is defined as a dynamically adaptive structure composed of con-
solidated interacting local functional-target subsystems:

[epe]=f[[(27) A (L) n (kP )| [(wi- 1) (6"*)]] > (EfER ) > C o) (1)

where £ is the organizational and economic reliability of life cycles
of IP industrial construction that demonstrates a maximizing tenden-
cy; EifD,j is the organizational and economic stability of operation of
an industrial eco-development system that demonstrates a maximi-
zing tendency; R, — total productiveness GD,, tend to maximum

oo 5 Ppg  — 0Olas pesynetatuBHOCTb GD,,, CTpemsancs
K Makcumymy R0 R is the total GD,, performance that demon-
strates a maximizing tendency; C",,, is the total cost of industrial real
estate as part of IP ownership.

Taking these principles into account, the eco-development of
an industrial park must be considered as a set of Z7 functions used
for life cycle simulation purposes. This approach is based on the
proposed mode of operation of an industrial eco-development sys-
tem (GD), that encompasses the subsystems of land development
(DL), investment and construction development (redevelopment)
(RD), development of engineering infrastructure (D/), development
of transport infrastructure (DT/); operational development (OD).

The quantitative assessment of criteria applied to the reliability
of organizational and economic constructions within the GD,, indus-
trial eco-development system is technically defined by the authors
as the extent of mutual compliance between key investment deci-
sions consistently designed and implemented by a corporate de-
veloper (management company) at various stages of the GD?,;r life
cycle.

The author suggests using the T. Saati method to determine the
integral value of organizational and economic reliability E,./”-m of eco-
nomic activities conducted by the developer and the general contrac-
tor. Within the framework of this approach, an appropriate methodo-
logical apparatus has been worked out to quantify the efficiency of the
GD?; operation.

3. RESULTS
3.1. CONCEPTUAL IDENTIFICATION

Industrial eco-development (GD,,) of industrial parks should be
understood as the professional activity of a specialized developer,
or contractor acting in the capacity of a special management com-
pany involved in the public-private partnership, eco-development
and sustainable development.

It accelerates the construction of industrial complexes, estab-
lishment of target corporate alliances between business partners
(construction, logistics, transport, operational, etc. companies)

united by the process of eco-friendly reproduction of industrial real
estate, including land and real property (portfolios).

At the same time, the target criterion for the efficient accelerat-
ed reproduction of large complex industrial facilities is the maxi-
mum ecological and economic efficiency at the minimum total cost
of industrial real estate ownership for various residents.

3.2. THE NATIONAL MARKET OF INDUSTRIAL PARKS:
DEVELOPMENT TRENDS

The analysis of statistical data published on the website of the
Association of Industrial Parks of Russia [5] shows a steady trend in
the development of this market segment featuring average annual
growth of about 23 % per year (Fig. 1). At the same time, industrial
parks were established in 2020 in 66 regions, which means a two-
fold increase compared to 2013.

At the same time, the capacity of the market of national indus-
trial parks increased from 789 billion rubles in 2013 to 1,682.0 billion
rubles in 2020 (Fig. 2) featuring a total growth index of 2.1 times for
this period and an average growth index of 14.2 % per year. The
graph shows the trend of changes in the total amount of invest-
ments, including the production and industrial infrastructure.

A steady trend in the development of industrial parks is also
backed by the growth in the number of jobs and the total area of
industrial parks in operation (Fig. 3).

The analysis shows that the number of jobs rose from 16,315 in
2013 to 41,627 in 2020 with an average annual growth rate of about
20 %.

Also, the total areas of existing parks demonstrates an aver-
age annual increase of 24 %. It grew from 56,773 ha in 2013 to
165,395 ha in 2020.

The breakdown of industrial parks by their types shows that the
Greenfield type of industrial parks is predominant in Russia (Fig. 4).
The current growth rate is about 60 %.

Most industrial parks are private in Russia (about 70 % as of
2020). The efficiency of investments in industrial parks is in line
with the ratio of infrastructural costs to production investments that
equals to 1to 10.

The study of these and other data has proven the success of
the national market of industrial parks. It is assumed that its current
growth may be limited to 300, and this number will meet the current
demand for this type of industrial construction work.
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Fig. 2. The capacity of the national market of industrial parks in the Russian Federation, in billion rubles

3.3. PROJECTED PERFORMANCE INDICATORS

OF THE LIFE CYCLE OF INDUSTRIAL ECO-DEVELOPMENT
BASED ON THE INDICES OF ORGANIZATIONAL AND
ECONOMIC STABILITY

When adding eco-development functions to the GD,, life cycle
system, new methodological approaches were pilot-tested at Se-
verny Almaz industrial park, designed in the East Siberian region.

It is assumed that the mini-max criterion can ensure the maxi-
mally efficient accelerated construction of large industrial facilities
of industrial parks. Hence, efficiency is maximized, and the cost of
ownership of industrial real estate (C,,,,) in industrial parks is mini-
mized for residents.

The calculation of organizational and economic stability of the
GD?‘;r of an IP system at the Z'V stage relative to the single basic
value of the S%, at the Z' stage was adopted as the final projected
indicator of the operating efficiency of eco-development of indus-

trial parks.
In the calculations, this indicator is defined as a system for
evaluating mutual correspondences IlI-Il and Ill-I using the multi-

plier of 0.9. Two methods were applied to identify the system of
correspondences. First, duration indicators (T) were used. Then the
value of investments (V) was applied. The values can be illustrated
by the following calculations that use the data as a system of S2,,

(n-1y:
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>

® S.plT1=1{T(0)[2"] = 5.25 years}/{T(0)[Z"] = 7.75 years} = 0.72;

® S.p[V] =0.85;

8%, [FED'™" =0.72-0.85 = 0.61.

In accordance with the calculations made for the first stage of
industrial construction within the framework of an IP:

o =09-11-12-11-1.8-1.25=2822,

Jobs created in industrial parks

which consists of seven local performance subsystems: Ff;e’ =09
(organizational and economic reliability of construction in GD?,;’);
B; = 1.2 (business activity); Pl; = 1.1 (potential intensity); /; = 1.1 (in-
novation); SP; = 1.8 (system performance); PR;= 1.25 (profitability);
EP; = 1.3 (environmental potential of IP investment projects).

Pgw = 2.912, i.e. the actual management efficiency of GDf; ex-
ceeds 3 %.
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Fig. 4. A change in the number of industrial parks broken down by the types, including Brownfield, Greenfield and integrated ones

Chom=10.378 billion rubles; C2! = 10.134 billion rubles, which
corresponds to the theory of correlation between performance
(Pep) and the total cost of ownership (C,,,,) used in the study.

The pilot-testing of this technique is experimental and incom-
plete due to problems in collecting some of the data. The interpreta-
tion of the obtained results and the essence of the methodology
require further development and do not aspire to be complete.

4. DISCUSSIONS

It is proven that the attempt to simulate the market of industrial
parks from the viewpoint of eco-development, sustainable develop-
ment and the structure of the life cycle of accelerated construction
of large industrial facilities should be recognized as a very relevant
and very difficult theoretical and practical task which predeter-
mines the further development of this methodological approach.
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Debatable issues are:

1. The need for a more detailed study of environmental standards
applicable to the eco-development of four types of industrial
parks: a private industrial park of the Greenfield type; a private
industrial park of the Brownfield type; a state industrial park of
the Greenfield type; a state industrial park of the Brownfield type;

2. Theimportance of additional research needed to substantiate
industrial eco-development modeling applied to private and
public IP models.

3. The application of the effectiveness theory requires additional
adjustments in terms of singling out its local subsystems and the
mechanism of their integrative synthesis in a single indicator.

4. Indicators of ecological and economic efficiency require fur-
ther development from the standpoint of national and interna-
tional rankings of greenness and sustainability.

5. ltis assumed that a promising area of research is the need for
more detailed studies on the theory of the ownership cost of
industrial real estate for industrial parks residents, as well as
the importance of calculating the cost of life cycles of these
types of real estate for all periods of ownership for residents.

The above mentioned controversial issues dealing with the
methodology should be regarded not so much as the shortcom-
ings, but as the prospects for its development.

5. CONCLUSIONS

The research, conducted by the authors, has proven the impor-
tance of their approach to the theoretical and practical research
into the methodology and practical recommendations concerning
the simulation of life cycles of accelerated reproduction of real es-
tate at industrial parks using models of industrial eco-development
and sustainable development.

The study on specific development features of the market of
national industrial parks has allowed to formulate the scope of prob-
lems and identify the main trends in the development of this type of
market, confirming its steady growth, boosting the industrial poten-
tial of the country and its certain area through high-performance
and high-speed industrial construction.

The studies identify the economic essence of industrial parks, their
eco-development as a specialized professional activity of a developer
acting as a special management company engaged in the public-pri-
vate partnership, eco-development and sustainable development.

This procedure generates an additional value chain for resident
investors who benefit from the integral result, or the accelerated
construction of large industrial facilities featuring the environmental
priority of green projects.
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0C060 MPUOPUTETHOrO CErMeHTa MPOMBILLIEHHOTO CTPOUTESb-
cTBa. MNpy 3TOM B Ka4eCcTBe CTpaTernyeckoro opraHU3aLMoHHO-
SKOHOMMWYECKOrO MeXaHW3Ma YCKOPEHHOro BOCMPOW3BOACTBA
JaHHbIX 06BLEKTOB NMPOMBILLMEHHOW HEABMXUMOCTM paccMaTpu-
BalOTCS MOLENW YNPaBliEHNsi HA OCHOBE XXU3HEHHbIX LIMKMOB C
LieNleBbIMU  (PYHKLMSIMU COKPALLEHUsI CPOKOB CTPOMTENbCTBA.
B ka4ecTBe KNOYEBbIX 31IEMEHTOB PerynnMpoBaHns CoKpaLLeHNs
NPOAOIXUTENIBHOCTU XXN3HEHHbIX LIMKIOB peanv3aumm AaHHbIX
MHBECTMLMOHHBIX TMPOEKTOB paccMaTpuBaloTCs MpUMEHEHVE
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KOHLIeMNUMN 3KOJNTOTMYECKOro MPOMBILLIIEHHOrO AEBENONMEHTa,
YCTON4YMBOrO pPasBuUTUSA, NpMOpUTETa 3EMEHOr0 CTPOUTENBLCTBA,
CUCTEMbI HaNoroBbIX MpedepeHUnin 6I0aXETOB BCEX YPOBHEW,
3MEMEeHTbI FOCYAapCTBEHHO-4aCTHOrO NapTHepcTea 1 hopMmpo-
BaHVe CMeuManM3npoBaHHbIX YNPaBnaoLWmnX KOMNaHWI, OTBET-
CTBEHHbIX 33 BECb >XM3HEHHbIN LMK (PYHKLUMOHMPOBAHUSA AaH-
HbIX MPON3BOACTBEHHO-3KOHOMUYECKUX CUCTEM.

AKTyanbHOCTb AaHHOWN 06nacTy pa3paboTok onpeaensercs 3Ha-
YyuTenbHOM BOCTPE6OBaAHHOCTLIO UCCNeAoBaHU B 061actu co-
BEPLUEHCTBOBAHMWS CYLLECTBYIOLLMX HAYYHO-MPaAKTUHECKUX NOA-
XO[0B B 06/1aCTN OpraHn3aLmm NpoOMbILLIIEHHOr0 CTPOUTENLCTBA,
OTBETCTBEHHOIO 32 YCKOPEHWNE CoLManibHO-3KOHOMMYECKOro pas-
BUTUA TEPPUTOPUA Ha OCHOBE YCKOPEHHOrO0 BOCMPOM3BOACTBA
KPYMHbIX MPOMBILLIEHHBLIX KOMIMIEKCOB HEABUXMMOCTU. Dopmu-
poBaHWe MHHOBALMOHHOIO CErMeHTa MPOMbILLSIEHHOrO CTPOM-
TENbCTBA B BUAE PbIHKA UHAOYCTPUasbHbIX NapkoB AOIKHO 06ec-
neYnBaTh YCKOPEHHOE CO3[aHNe MPOMBILLIIEHHBIX KOMMIIEKCOB
pasnu4yHoro Tuna. 9To NpefonpenenseT BaXXKHOCTb 3PdeKTUBHO-
ro MOLENMPOBAHUS XXMU3HEHHBIX LIMKITOB YCKOPEHHOIO BOCMPOU3-
BOJCTBA NPOMBbILLNIEHHOW HEABMXMMOCTN UHAYCTPUasbHBIX Nap-
KOB KaK aHTUKPU3UCHOIro MHCTpPyMeHTapusa rocyaapcTtBeHHoro
perynmpoBaHunsa HapallimBaHuaA KOHKypEHTOCI‘IOCOﬁHbIX TOBapoOB.
COS,U,aHVIe N passutme HauMoHanbHOro pbiHka MHAYCTpUasibHbIX
napkoB TpebyeT pa3BUTUS METOLAOB MPOMBILLNIEHHOIO CTPOUTENb-
CTBa Ha OCHOBE COBPEMEHHbIX Mael B 0651acTM MOAENMpPoBaHUs
XKW3HEHHBIX LIMKII0B O6BbEKTOB KanuTasibHOro CTpouTEeNbCTBa,
YCTOWYMBOrO PasBUTKS, SKONOrMHECKOro NPOMBILLIEHHOrO AeBe-
NONMEHTa NPUMEHUTENBHO K COBPEMEHHBIM hopMam NpPOMBbILLI-
JNIEHHOrO CTPOUTENLCTBA B BUAE MHOYCTPUAsbHbIX MapKOB.

Llenbto nccnepgoBaHus ABNsSeTCa pa3paboTka MeToANYeCKMX nog-
XO[0B U NPaKTUYECKNX PEKOMEHAALMIA Mo MOLENVPOBAHMIO XKN3-
HEHHbIX LIMKIOB YCKOPEHHOIO BOCMPOV3BOLACTBA MPOMbILLEHHOW
HEABVXUMOCTU MHAYCTPUAlIbHLIX MapKoOB Ha OCHOBe Mogerneit
MPOMBbILLIEHHOTO 3KOJSIOrMHYECKOro AeBeonMeHTa U yCTONUMBO-
ro pasBuUTus.

O6bLEKTOM WCCNefoBaHUs SIBASETCS PasBUBAOLUMIACS HaLMO-
HabHBIA PbIHOK MHAYCTPUASIbHBIX MapKoB KaK 0CO6bIA UHHOBA-
LMOHHBIA CErMEHT MPOMBILLSIEHHOTO CTPOUTENLCTBA, OPUEHTH-
POBaHHbI Ha YCKOPEHHOE BOCMPOW3BOACTBO MPOMbILLSIEHHOM
HELBVKMMOCTM B YCIOBUSIX HEOBGXOAMMOCTM CYLLECTBEHHOO CO-
KpaLLeHUsi CPOKOB Peann3aunn AaHHbIX TUMOB MHBECTULMOHHBIX
MPOEKTOB.

B cTatbe NpofeMOHCTPUPOBaHbI CrieyHoLLME OCHOBHbIE Hay4HbIE
pesynbTaThl: TpeHAbl Pa3BUTUS HALIMOHANBHOMO PhIHKA UHAYCTPU-
asibHbIX NMapKOB; 0COGEHHOCTU OPraHN3aLNOHHO-3KOHOMUYECKMX
MexXaHU3MOB CTaHOBMEHUS U Pa3BUTUS PbIHKA UHAYCTpUabHbIX
napkoB B Poccuu 1 3a py6exom; CTpyKTypusaums 1 aHanns me-
TOLOB OpPraHn3auMoHHOro BO3OeNCTBUSA, CBA3aHHbIX C rocynap-
CTBEHHbIMM MPUOPUTETAMU HALMOHAIIBHOFO CTaHOBNEHUS U pa3-
BUTUS MHAYCTPUATIbHBIX NAPKOB; OMbIT MPUMEHEHUST KOHLeNUMn
YCTOW4MBOrO Pa3BUTUS U KOJOMMYECKOr0 AEBENONMEHTa NpUMe-
HUTEIbHO K MPOMBILLIIEHHOMY CTPOUTENBCTBY U NMPaKTUKU CTPOW-
TEeNbCTBa MHAYCTPUanbHbIX NApKOB; aBTOPCKOE MOAENMPOBaHNe
CTPYKTYPbl )XM3HEHHOrO LKA YCKOPEHHOro BOCMPOW3BOACT-
Ba NMPOMBILLMNEHHOW HEABVXMMOCTMN MPU NPOMBILLIEHHOM CTPOW-
TENbCTBE MHOYCTPUANbHbIX NAPKOB HA OCHOBE MHCTPYMEHTapus
NMPOMBILLNIEHHOTO 3KOJSIOFMYECKOrO AEBESIONMEHTA U YCTONYMNBO-
ro pasBuTuUs; (hopPMasIN3aLms MHOrOKOMMOHEHTHLIX NokKasartenei
YCTOMYMBOCTU XKMIHEHHbIX LIMKIIOB 9KOMIOMMHYECKOro AeBesion-
MeHTa MHAYCTpUasbHbIX MNAPKOB; SKOHOMUKO-MaTeMaTuyieckas
WHTepnpeTauus NPorHo3npyeMmbix nokasaTesieil yCTOMYMBOCTH
XWU3HEHHbIX LMKIIOB MPOMBILLIEHHOrO 3KOAEBESIoNMeHTa Kak
9KOHOMWYECKOW HAaflEXHOCTW BOCMPOU3BOACTBEHHbIX MPOLIECCOB
MPOMBILLSIEHHOrO CTPOUTENBLCTBA NPUMEHUTENBHO K UHAYCTPU-
anbHoMy napky «CeBepHbIi anmas» Ha paHHWUX CTaausix ero nna-
HUPOBAHMSI.

Kno4eBble cnoBa: MO[EenMpoBaHVe, XU3HEHHbIE LMKJTbI, YCKO-
PEHHOE BOCNPOV3BOACTBO, UHAYCTPUAbHBIE MAPKY, MPOMBILLIIEH-
HOE CTPOUTESILCTBO, MPOMBILLTIEHHAS HEABWKUMOCTb, YCTONYMBOE
pasBUTHE, SKOIIOrNHECKUY EBEIIONMEHT, rOCYAaPCTBEHHO-4YACTHOE
apTHEPCTBO, SKOHOMUYECKAs! HAAEXHOCTb

BnarogapHocTh. ViccnenoBaHue BbIMOIHEHO NPy NOAAEPXKKE rpaH-
Ta Poccuvickoro Hay4Horo ¢poHpa Ne 22-28-20511.
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The algorithm for the formation of a project
management office within the organizational
structures of investment and construction
activities

Investment and construction activity as a specific management object has a fairly high level of methodologi-
cal elaboration in accordance with modern paradigms of project management. At the same time, essential fea-
tures of this type of production activity, primarily in the field of technology, organization and regulation of pro-
cesses and procedures, largely determine the management methodology of investment and construction
projects as a separate area with its own unique characteristics. In particular, this is due to differences in regula-
tory systems and practices applied in different countries. This situation leads to significant limitations in the ap-
plication of existing approaches and, as a result, the need for their adaptation and, in some cases, revision. An
example of the occurrence of such inconsistencies is the management of intersectoral production structures that
include investment and construction activities as one of the elements. In this case, tackling the problem of buil-
ding an effective organizational management model may involve certain difficulties. Within the framework of this
article, the author examines the mechanisms aimed at the formation of a project management office — a key
element of the organizational and managerial structure in the context of solving production tasks of investment
and construction activities. It is revealed that, with regard to the peculiarities of regulation and the common prac-
tice of investment and construction activities in Russia, the list of functions and the content of activities con-
ducted by the project management office most closely correspond to the tasks related to the activities of the
technical customer. As a result of the research, the author has developed a fundamental organizational and
managerial algorithm to establish a project management office that includes functionality for the implementation
of investment and construction projects.

Keywords: project management office, investment and construction activity, organizational and management
structure, PMBOK, engineering, algorithm, technical customer

management object has a fairly high level of meth-

odological elaboration in accordance with mo-
dern paradigms of project management. At the
same time, the essential features of this type of pro-
duction activity, primarily in the field of technology,
organization and regulation of processes and proce-
dures, determine in most cases the consideration of
the methodology of management of investment and
construction projects as a separate area with its own
unique specifics. In particular, this is due to diffe-
rences in regulatory systems and practices applied
in different countries. This situation leads to signifi-
cant limitations in the application of existing ap-
proaches and, as a result, the need for their adapta-
tion and, in some cases, revision.

With regard to the Russian conditions of regula-
tion of investment and construction activities, it can
now be concluded that there is a generally well-es-
tablished and proven workability and a sufficient
degree of stability and adaptability to the system of
sectoral regulation in the construction sector. At the
same time, the processes of reform and optimization
are continuing, initiated, as a rule, at the level of the
state or national industry associations (NOSTROI,
NOPRIZ, etc.). Also in the previous decades, lead-
ing researchers and practitioners have formed and
substantially implemented the scientific theory of

I nvestment and construction activity as a specific

performance management of investment and con-
struction activities in its broad sense.

Thus, we can talk about the existing industry
regulatory and methodological system of regulation
and management of investment and construction
activities. However, due to the reasons described, in
some cases the provisions of this system do not fully
correspond to the provisions of generally accepted
project management methodologies, which are
more universal and used in various industries.

An example of the occurrence of such inconsis-
tencies is the management of intersectoral produc-
tion structures that include investment and construc-
tion activities as one of the elements. In this case,
the solution of the problem of building an effective
organizational management model may be associ-
ated with certain difficulties.

Within the framework of this article, the author
examines the mechanisms aimed at the formation of
a project management office (PMO) — a key ele-
ment of the organizational and managerial structure
in the context of solving production tasks of invest-
ment and construction activities.

First of all, it is necessary to analyze the content
of the key functions of PMO, determined in accor-
dance with the universal methodology of project
management, and its comparison with the domestic
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industry practice of organizing investment and construction activi- e optimization of communication within the team;
ties. e administrative support to project managers;
The process of creating a corporate project management sys- * reporting to mansgement;p ! °
tem is inextricably linked with the formation of its component attri- : ! .
butes, such as PKAO. The PMBOK management COﬂSFi)deI’S under :/V:rt]r?rlzgzr:;ert];?LZF(;ZZ?JISi;:i;!sp:)?erzt;?;tti:i O;gzntliztl\?v?ae_
such a body an organizational structure that solves the tasks of spread practice of investment and construction activities in Russia,
structuring project management processes, sharing resources, the presented list of functions and the content of the PMO activity
tools, methodology and methods. The standard allows for a multi- most closely corresponds to the tasks related to the activities of the
plicity of options for the responsibility of project offices and the technical customer [4, 5).
types of their structures [1-3]. . . . .
T epening on e e o PO, h oo of 5 autrty and | g senmracueoTer 12 58 el subcrzes o ot
responsibility within the entire organizational and managerial struc- construction, starting with obtaining a town-planning plan for a land
tL;r(ePi'\sAg?termined. tACdCf[)rdbiﬂg Itlo P'\de?K* the following basic types plot, bringing technical and economic indicators into compliance,
o) are expected to be allocated": : f N ! !
Supportive PMO acts as a repository for the organization's pro- :s;ier:gpv:/?ti ?hzségonmersitgz;eiié?)l;?#teyf;siﬂtt;él of construction and
jects. It provides templates, best practices, training and tracks les- According to the National Standard of the Russian Federation
sons learned, has a very low degree of control in projects. This type “Project management in construction. Activities of the project ma-
of project office is typical for functional organizational management nager (technical customer)” the technical customer performs the
structures, where functional managers manage almost all types of following key functions?:
activities, the budget is under their sole control. Project managers, as « project initiation:
a rule, perform only the functions of a project coordinator, collect, - )
. . o e determination of the scope of work (content) of the project;
document and store project activities in the organization's library.
Controlling PMO act as the company's auditor. They check ¢ planning of communications in the project, exchange of infor-
whether organizational tools, processes and standards are applied mation and documentation between project participants;
in projects. They have a moderate degree of control in projects, * project budget planning in construction;
they are well suited for an organization with a balanced matrix ma- * procurement planning for the project;
nagement model. In balanced organizations, project management e planning and quality management of the project in construc-
is distributed between the functional manager and the project man- tion;
ager. They jointly manage project activities and budget. Corrective e project human resource planning and management;
actions are taken in case of problems in the application or effective- « project planning and risk management in construction:;
ness of processes, tools and standards. . o
D/'rezﬁve PMO — manage projects and have a high degree of ’ E:::nn;:?aﬁgg i:igiii?é?;:.f terms (sehedule) of project im-
control over them. They are suitable for an organization with « planning of work with possib’Ie oroject changes in construc-
a strong matrix or project type of organizational management struc- tion and their management:
ture. The decisive authority in relation to the project belongs to ) o ' o )
the project manager. Directive PMO fully controls all projects car- * |dent|lf|oat|on of key performance indicators and project re-
ried out in the organization. sults in construction;
The functionality of a PMO may vary depending on its type, * implementation of the construction project;
organizational management model and the specifics of the organi- * monitoring and control over the implementation of the project
zation's activities. In the most general form, the functions of in construction;
the project office include the following: e completion of the project, acceptance of the facility into ope-
* preparation and justification of the project portfolio; ration.
« standardization of processes and selection of methodologies Thus, as a result of comparing the content of the key functions
and techniques for project management; of PMO in accordance with the universal methodology of project
. . . . ) . management of the technical customer within the framework of con-
e project evaluation, reducing the duration of project execution ) ) . ) ) )
cycles: lstruchon prgjects in accordance with domestic practice, the follow-
e maintaining current information about employees, staffing; no concluyons ean be' drawn. ) ) )
) o e considered functionality in terms of the implementation of
* resogrce use plannmg énd optlmlz.atlon, management tasks substantially coincides;
* conflict resolution and risk prevention; e functionality of the technical customer contains specifics re-
* project progress tracking and dependency management; lated to the peculiarities of organizational and regulatory sup-
¢ implementation of suitable tools for project management, em- port of construction;
ployee training, mentoring; e considered functionality is determined on the basis of a pro-
e ensuring the reliability of project data and increasing the cess approach to the decomposition of production activities.
transparency of information; The process approach to management determines the consi-
e creating a knowledge base (including past projects to avoid deration of the activities of any organization as a network of busi-
possible mistakes); ness processes related to its project goals. At the heart of this
1 Which PMO structure is right for your organization. URL: https://www.greycampus.com/blog/project-management/which-pmo-structure-is-right-for-your-organization
2 GOST R 57363-2016. National Standard of the Russian Federation “Project Management in Construction. Activity of the project manager (technical customer)”. >
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P> approach is a view of the organization's activities as the implemen-

tation of the totality of its business processes. By managing pro-
cesses, the company prevents errors that may occur and monitors
the effectiveness of activities through the use of key process indica-
tors. In addition, this approach is focused not only on the organiza-
tional structure of the enterprise, but on business processes, the
ultimate goals of which are to create products or services that are
of value to all types of consumers, and is also the basis for building
a quality management system at the enterprise [6-9].

In the context of the implementation of the process approach,
in order to form and plan the activities of the PMO, it is advisable to

use the tools of engineering and, in particular, organizational and
managerial engineering in the field of investment and construction
activities.

Engineering of management processes in construction organi-
zations is an independent professional activity carried out by con-
sulting engineers in construction, including engineering companies
or professional consulting engineers, under contracts with custo-
mers; including a complex of engineering consulting services. The
main and ultimate goal of these services is to achieve the best
(most optimal) results from the investment of capital or other costs
associated with the implementation of investment and construction

Stage 1. Analytical research aimed at identifying and formalizing the subject and content
of the PMO activities within the organizational and management structure of the enterprise

1) internal documents regulating the activities of the technical customer service and its
interaction with other functional elements within the framework of the production model
of activity;

2) retrospective information on the resuits of the technical customer service in the
implementation of construction projects (including organizational structure, list of main
processes, staffing, etc.);

3) information about construction objects, including functional purpose, TEP, construction
cost), characteristics of typical representative construction objects for modeling the
activities of PMO;

4) information received during meetings, surveys, questionnaires, etc.;

5) information contained in regulatory legal acts, methodological recommendations,
standards, including industry standards

Initial data

- description of the subject matter of PMO;

« list and typology of objects, the organization of construction of which is
implemented within the framework of the activities of PMO;

« list of activities and tasks of PMO;

« performance criteria of PMO

Results
of Stage 1

Stage 2. Modeling of business processes implemented within the framework of the formatien
and activity of PMO within the organizational and management structure of the enterprise

» PMO process model;
» PMO organizational and functional model;
- organizational and economic model of ensuring the activities of PMO

Results
of Stage 2

Stage 3. Development of Regulations on organizational and resource planning of PMO activities
within the erganizational and management structure of the enterprise

Indicative list of sections of the Regulation:

L2a * Description of the execution of processes and subprocesses for all elements;
§ b - Alist of functional areas included in PMO;
T + Schematic diagram of the organizational structure of PMO;

* Alist of key positions in the project team with a description of the functionality

The basic algorithm of organizational and managerial engineering in order to form PMO, including functionality for the implementation
of investment and construction projects
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projects throughout the life cycle — from the investment plan to technological relations between structural units of a busi-
commissioning; on the basis of development, in order to improve ness system.
and control the implementation of technological, organizational, When conducting organizational and managerial engineering,
managerial and financial and economic models for the implementa— projec’[ management acquires a pronounced mu|ti_stage character.
tion of investment and construction projects in accordance with the At the first stage, a model of the future management system is be-
set goals. Problem statement. To consider the types of engineering ing developed, and at the second stage, its implementation within
services, areas of application of engineering, as well as features of a specific subject area.
the management of engineering activities of construction enterpris- As a result of the research, the author has developed a funda-
es and orggmzatlonSS (10, 11}. i o ) ) mental algorithm for organizational and managerial engineering in

) Th? m§|n advantagg of engln.eerlrjg ('”C'Ud'”g con.structloln er.w- order to form PMO that includes functionality for the implementation
gineering) is the reduction of project implementation time, which is . . . .
; - i o ) of investment and construction projects (Figure).
the most important indicator of any construction organization. First ) ) "
o " ; o The presented algorithm can be implemented within the frame-
of all, this is facilitated by the rapid acquisition of knowledge and ) -
' : . : ) ) work of the formation and development of organizational and mana-
experience in the field of engineering, technology, production and ) o ) i
. ’ ) gerial structures of both specialized construction enterprises and
sales management, and the reduction of production costs per unit ) I s impl T q )
of production and increased efficiency of capital investments. It is mtelrsectora compamgs Imp eme’?t'r_‘g investment an COI’]S.U’UC’[IOI’]
also possible to highlight such advantages of engineering as: projects, and will contribute to optimizing management and improv-
) . - ing performance.
e increase of investment efficiency as a result of the appea-
rance of real levers of influence on the project budget;
¢ reduction of investment and other risks; REFERENCES
e increasing competitiveness both in the domestic and foreign ) )
markets, as a result of the recognition by the business world 1. A QU'df? to the'prO/ect management body of knqwledge (PMBOK
of the efficiency of the use of engineering. %nggt.eSgglirEgggn(.rul;le)wtown Square, PA, Project Management
'Today, engineering in th? Yvorld |s'un(ljergomg.a ra.d{cal transfor— 2. Ruchkin A.V., Trofimova O.M. Project management: Main defini-
mation: the process of organizing design is changing, it is becoming tions and approaches. Management Issues. 2017; 3(46):121-128.
“distributed”, “parallel”, more and more flexible. Access to hardware (rus.).
and software is necessary not only for large, but also for medium- 3. Prima Ya.G. Project Management Development Trends in Russia.
sized and small companies. In the world, “cloud technologies” are gjggog’;sagggozc’jég?s(eam)h- 2018; 2(18):49-57 DOI: 10.24151/
increasingly being used for this, which contribute to cheaper and - A e-ae-o/ (TUs.).
]I( ¢ dl g v bel dg : 1S, Wi o b _I Ul dinit b 4. Chegotova E.V. The role of the technical customer in the organi-
aster esgn, ?n allow new perspnne (,) e I'ﬂVOlVG : nit. ] zation of investment and construction activities. Magazine of Civil
Organizational and managerial engineering is aimed at desig- Engineering. 2012; 3(29). URL: https://cyberleninka.ru/article/n/rol-
ning and creating a management subsystem, including subsystems tehnicheskogo-zakazchika-v-organizatsii-investitsionno-stroitelnoy-
for managing the functioning and managing the development of deyatelnosti (rus.).
a business system [12]. 5. Tuyakova Z.S., Popova E.S. The system of conceptual apparatus
Organizational and managerial engineering can also be imple- in the Russian and !nternatlonal practlce of accounting for construc-
mented in isolation from the immediate investment and construction tion works. International accounting. 2011; 7:32-40. URL: hiips.//cy-
. . ) . ) T berleninka.ru/article/n/sistema-ponyatiynogo-apparata-v-rossiyskoy-
issues in the |mp|§mentatlon Qf vgrlous types of organlzat-lonal i-mezhdunarodnoy-praktike-ucheta-stroitelnyh-rabot (rus.).
transformation projects. Organizational and managerial enginee- 6. Kardapoltsev K.V., Usoltsev S.V. Features of the process ap-
ring is effectively applied: proach to organization management. ECONOMICS. 2016; 5(14):21-
« in the initial design of organizational and managerial struc- 25. URL: https://cybe:'rlen/nka.(u/a@/cle/n/osobennost/-protsessnogo-
tures: podhoda-k-upravileniyu-organizatsiey (rus.).
) ' ) o . . 7. Murashkina T.I. The essence of the process approach.
e in order to increase the efficiency of the enterprise: during Proceedings of the International Symposium “Reliability and
restructuring, reengineering, reorganization, organizational Quality”. 2006; 2:264-270. URL: https.//cyberleninka.ru/article/n/
transformations, and so on. suschnost-protsessnogo-podhoda (rus.).
¢ |In general, organizational and managerial engineering can be 8. Sedykh E.P. PrO/e_ct man._agen?ent: process'approach. Vestnllf of
ted in the f f the followi } Samara State Technical University Psychological and Pedagogical
presented in the form ol the following areas: Sciences. 2019; 4(44):181-192. DOI: 10.17673/vsgtu-pps.2019.4.12
e strategic engineering — development and implementation of (rus.).
solutions concerning the most general principles of the func- 9. Sycheva I.N., Permyakova E.S. Process approach in manage-
tioning of the enterprise, its development and interaction with ment now. Economics and Business: theory and practice. 2016;
the external environment; this direction concerns the subsys- 1:124-127. URL..‘ http.//gcopomyandbusmess.ru/protsessny/-pod-
i f busi tem devel X N hod-v-upravlenii-predpriyatiem (rus.).
emlo 98|ness system .evé opment management, 10. Kravchenko A.l., Kadyrova O.N., Shipareva D.l., Kadyrov R.R.
* engineering of the organizational structure of management — Engineering management processes in construction companies.
development and implementation of decisions concerning Young researcher of the Don. 2018; 1(10):126-132. URL: https://mid-
the system of subordination, composition and interrelation of Journal.ru/upload/iblock/6d4/23_Kravchenko_126_132.pdf (rus.).
structural units, distribution of responsibility between struc- 11. Paviov A.S. Engineering in construction. Vestnik MGSU. 2011;
o 8:442-450. URL: https://cyberleninka.ru/article/n/inzhiniring-v-stroit-
tural units;
) . elstve-1 (rus.).
* engineering of management processes — development 12. Information systems and management technologies : Textbook.
and implementation of solutions related to information and G.A. Titorenko (ed.). 3rd ed. Moscow, UNITY, 2011; 591. (rus.).
3 GOST R 58179-2018. National Standard of the Russian Federation “Engineering in construction. Terms and definitions”. >



#1/2022

Me>XXayHapoaHbIN Hay4YHO-TEXHUHECKUIA XXYpHarn

HeOBmXuMoCTb: 3KOHOMMKaA, ynpaeneHue

PROPERTY ECONOMICS AND MANAGEMENT

36

Anroputm doopmMupoBaHUA NPOEKTHOro
ochmca B pamkax opraHU3aLMOHHO-
ynpasneH4YeCKUX CTPYKTYpP UHBECTULIMOHHO-
CTPOUTENbHON AeATEeNIbHOCTU

VIHBECTULIMOHHO-CTPOUTENBHAS AEATENBHOCTb Kak crneumdm-
YeCKUI 0ObEKT yNpaBneHns MMeeT OCTATOYHO BbICOKMIA YPOBEHb
METOLOMOrM4eCKol NPopaboTKM B COOTBETCTBUM C COBPEMEHHBLIMU
napagnrmamv MPoeKTHOro ynpaeneHus. BmecTe ¢ Tem, cyliecT-
BEHHbIE OCOOEHHOCTM 3TOro BMAa MPON3BOACTBEHHOM AEATENBHOC-
TV, NPEeXXae BCero B chepe TEXHONOrMM, OpraHn3aummy U perynm-
pOBaHMs MPOLIECCOB 1 Npouenyp, 06yCnoBMBatoT B 60bLUNHCTBE
CIy4aeB pacCMOTPEHME METOAONOM NN YNPaBNEHNS MHBECTULIMOH-
HO-CTPOUTESBbHBIMU MPOEKTAMU Kak OTAENbHOM 0611acT Co CBOeW
YHUKanbHoOM cneumdomkoi. B 4acTHOCTW, 3TO CBA3AHO C OTINHUAMM
B CMCTEMaxX PerynnmpoBaHuns 1 NpakTukax, MPUMEHSEMbIX B pags-
NVYHbIX CTPaHax. Takas cuTyauus NPUBOANT K BO3HVKHOBEHMIO
CYLLECTBEHHbIX OrPaHNYeHU B MPUMEHEHNUM CYLLIECTBYIOLLIMX MOA-
XO[OB U, Kak CneacTBue, HEOOXOAMMOCTM X aganTaumm 1 B psae
cnyyaeB nepecmotpa. [NprMepomM BO3HNKHOBEHMSA MOJOOHbLIX He-
COOTBETCTBUI SBMSETCS YNpaBeHe MEXOTPACEBLIMU MPON3BOL-
CTBEHHbIMW CTPYKTypamu, BKAOYaOLWMMN B KA4€CTBE OLHOMO
13 3NEeMEHTOB MHBECTULMOHHO-CTPOUTENBHYIO AEATENBHOCTb.
B naHHoOM cnyyae pelleHne 3agayqn nocTpoeHus 3dEKTUBHOM
OpraHM3aLUmMoHHON MOAENV yrNpaBneHns MOXET ObiTb CBSI3aHO
C orpeaeneHHbIMN CNOXHOCTAMU. B pamkax AaHHOW cTaTby aBTo-
POM paccMaTpuBaloTCs MEXaHW3MbI, HampPaBneHHbIe Ha POPMUPO-
BaHVe NPOEKTHOro odpmca — KMO4EBOro 3MeMEHTa OpraHv3aLin-
OHHO-YNPaBNEeHYECKON CTPYKTYpPbl B KOHTEKCTE pelleHus
NPOWN3BOACTBEHHbIX 3a4ay MHBECTULMOHHO-CTPOUTENBHON Aes-
TenbHOCTW. BbISIBNEHO, YTO MPUMEHUTENBHO K 0COBEHHOCTAM pery-
NVPOBaHMA U PacnpOCTPaHEeHHOV MPakTUKe WMHBECTULMOHHO-
CTPOUTENBLHOW AesATeNbHOCTU B Poccum nepeyeHb doyHKLMIA
1 COfEepXKaHne [enaTenbHOCTU NMPOEKTHOrO odomca B HaMbombLLUEN
CTEMNeHV COOTBETCTBYIOT 3aa4amM, OTHOCALLMMCS K AEATENbHOCTU
TEXHMYECKOro 3akas4ynka. B pesynsrare npoBefeHHOro nccneno-
BaHVA aBTOPOM padpaboTaH NpUHLMAMabHbIA anropuTtM npoBe-
[EeHWNsi OpraHn3aLMoHHO-YNPaBNEHYECKOro NHXMHUPUHIA C LIENbIO
POPMUPOBaHMSA MPOEKTHOrO odrca, BKIOYaOLLErO doyHKLUMOHAnN
no peanu3aumn MHBECTULMOHHO-CTPOUTESNbHbBIX MPOEKTOB.

KnroyeBble cnoBa: rpoeKTHbIi 0gUC, MHBECTULIMOHHO-CTPOM-
Te/IbHasi AEATETbHOCTb, OPraHU3aLMOHHO-YMPaBIEHYeCKast CTRYKTY-
pa, PMBOK, UHXUHWPYHE, ariropuTM, TEXHUYECKII 3aKa34mK
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Principles of a client-centric innovative strategy \ """

for the development of business processes i

in the field of housing and communal services

L

3
The article discusses the features, principles and efficiency factors of improving business processes as an object @
of digital transformation, and addresses a methodological model of a process-oriented approach to the main ’
business processes in the field of housing management and the implementation of engineering methods and
digital transformations. It is shown that housing and communal services are a system of business processes, or
a set of interrelated activities focused on the provision of services and performance of works aimed at creating a living
environment for consumers. Given that the present-day government policy is focused on aligning all state services
around the needs of people and digital transformation intensifies the use of more effective management models,
the article explores the transition from the principles of the client focus to client centricity, which allows targeting
the activities of organizations and enterprises onto a set of actions. The concepts of client centricity and a client centric
strategy based on the use of a process approach with the allocation of individual business processes and their further
improvement on the basis of a balanced scorecard, project management development, and quality management are
provided. The result of the study is decomposed into sub-processes and management functions using the example
of the business process of apartment building management. As a result of research-based business processes,
the qualitative value of services increases for the consumer, as well as the profitability of services accompanied by
the improvement of the quality of housing and communal services without increasing their cost by diminishing the role
of intermediaries, improving technological processes, creating the asset value for enterprises or the value of services
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INTRODUCTION

he current state of the management system of
Torganizations and enterprises of housing and

communal services poses the task of develo-
ping new approaches to the organization of their ac-
tivities to ensure its competitiveness and sustainable
financial and economic independence in the housing
and communal services market.

The strategic goal of the development of housing
and communal services at the present stage is an in-
tegrated approach to the formation of organizational
and economic transformations based on the digital
basis of the activities of enterprises and organizations
that increase productivity and accelerate the imple-
mentation of changes aimed at creating living comfort
conditions and opportunities for consumers to have
a service management system for individual require-
ments for the level of comfort regulation in residential
premises [1, 2]. The digital transformation of the eco-
nomy contributes to the realization of goals and ob-
jectives and to ensuring the effectiveness of manage-
ment processes, coordination and interaction of
organizations in the housing and communal services,
the formation of a comfortable urban environment,
accelerating decision-making on the modernization
of engineering networks, improving the quality of
housing and communal services, improving the effi-
ciency of business processes based on innovative
technical and digital equipment and relevant profes-
sional competencies of human potential [3-5].

It should be noted that modern state policy is
aimed at the transition “to building all the services of

the state around the needs of people”!, and digital
transformation activates the use of more effective
management models based on customer-centricity
in service and interaction with citizens.

MATERIALS AND METHODS

The need to improve the quality of public servic-
es and the comfort of living pose the task of moving
from the principles of customer-centricity to custom-
er-centricity, which allows us to form a targeted focus
in the activities of organizations and enterprises on a
set of actions that increase satisfaction with comfort
and enhance interaction with consumers [6].

Customer focus is actions that are aimed at mee-
ting the standard needs of homeowners, fulfilling ap-
plications and requirements for their implementation.

Client centricity is a model of building an activity
(business), an organizational structure that provides
services that are maximally adapted to meet the needs
for high-quality housing and communal services.

The client centric strategy is the process that
needs to be rebuilt in order to ensure that manage-
ment organizations and resource supplying enter-
prises are competitive in the long term at the inter-
section at three key points: these are housing repair
and utility services, their provision — that is, the pro-
cesses by which we satisfy residents — consumers
of these services and the services on the agenda for
managing individual requirements for the level of
comfort regulation in residential premises.

1 Annual Report of the Government of the Russian Federation
to the State Duma of the Russian Federation. URL: http://government.
ru/news/40074
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What makes housing and utilities customer centric? This is
the improvement or adjustment of the housing and communal ser-
vices management system and the formation of additional quality of
housing and communal services without increasing their cost by
reducing the role of intermediaries, improving technological pro-
cesses in the production of resources, controlling, first of all,
the use of financial resources to meet the requirements of full satis-
faction of the needs of owners as customers of paid services,
based on the use of a process approach, which consists in the al-
location of individual business processes with their further improve-
ment on the basis of a balanced scorecard, development project
management, quality management [7].

Continuous improvement of business processes is a necessary
client-centered strategy of activity in a competitive market, while
the degree of customer satisfaction depends on the magnitude of
the quality (or value for human life) of the service that is provided to
him and is the result of the business process.

Business processes are designed to create the value of an en-
terprise asset or the value of life services for consumers. At the out-
put of scientifically-based business processes, the qualitative value
of services (services) for the consumer increases, as well as
the equilibrium profitability of the cost of production of products,
works or services. Along with this, the introduction of a process-
oriented client-centric approach and the implementation of busi-
ness processes can be aimed more at the sustainable provision of
quality services under the established tariffs and on this basis ob-
taining greater efficiency at the same costs [8].

The purpose of improving business processes is to coordinate
and coordinate the interaction of structural units to increase efficien-
cy and more efficient use, accumulation of the potential of strategic
assets of the organization, resource conservation and digitalization,
sustainable provision and improvement of quality services.

The strategy of gradual change in the direction of improve-
ments carried out within the framework of existing processes can
be consistently extended to all business processes in the organiza-
tion. Most often, such a strategy is aimed at increasing the stability
and effectiveness of the process of improving individual operations.

The following types of organizational, managerial, economic
and technological processes are attributed to the sphere of hous-
ing and communal services, including: management of apartment
buildings, major repairs of common property in apartment buil-
dings, dismantling of dilapidated and dilapidated housing, land-
scaping and landscaping, renovation of the urban environment,
implementation of smart city solutions, waste management, pro-
duction, transportation, and provision of life services.

It is important to develop requirements for business processes,
determine the degree of maturity of the business processes of this
organization, carry out a cause-and-effect analysis of problems
and inconsistencies and develop corrective and preventive actions.

Process improvement should be based on modeling the de-
mand for works and services, concluding contracts with contrac-
tors, and distributing them across business processes.

Determining the list of components of a business process require-
ment must ensure that each requirement is met. It is important to cal-
culate the maturity levels of the business process for each component.

RESULTS

The following stages are distinguished in the life cycles of busi-
ness processes: development of a process-organizational model,
analysis and ranking and description of business processes and

their optimization, functional and cost analysis of processes, regu-
lations, regulations and technological maps. Changes and im-
provements in business processes are directly related to the de-
scription and design of the organizational structure based on
the analysis, calculation and optimization of the number of person-
nel, staffing, modeling and optimization of the organizational struc-
ture, regulations and job regulations, compliance of financial flows
at the level of individual business processes, as well as aggregated
to the level of the organization.

An integral part of the development of changes in business pro-
cesses is the assessment of the organization's activities, including
the development of criteria for assessing the level of responsibility
and managerial skills of department managers, decision-making
time, modeling the internal structure of regulatory documents.
The generally accepted efficiency analysis includes the develop-
ment of the financial and budgetary systems of the organization,
the development of models of categories and cost drivers,
the study of cash flows and the forecast of the balance of assets
and liabilities, profits and losses of the organization.

To switch to the process model of the management system and
its optimization, it is advisable to use functional-cost and process-
cost analyses.

Determining the effectiveness of the implementation of the pro-
cess approach involves carrying out a functional and cost analysis
of business processes with an assessment of cost indicators and
the duration of the business process, as well. the use of traditional
methods of evaluating effectiveness. For this purpose, the main
business processes of functioning are singled out, costs are deter-
mined for each business process, and high-cost subprocesses or
functions that can lead to an increase in the cost of services or
works that customers are not ready to pay for are excluded [8].

Achieving optimization of business processes involves: building
clear algorithms for each process, purposeful allocation of costs to
cost centers, identifying the causes of irrational costs and determining
their value in the total amount of costs. Thus, the results of functional
and cost analysis obtained in relation to business processes make it
possible to determine the primary tasks, the solution of which will allow
obtaining the required values of the cost of works and services, as well
as the growth of housing and communal services assets.

In modern conditions, the tasks of modeling business process-
es arise during the transition of an organization to digitalization. It is
obvious that the first stage should be the work on improving busi-
ness processes, and at the next stage proceed to the implementa-
tion of digital transformations. When implementing such systems,
a sufficient number of methods for assessing economic efficiency
have been developed. Models of the formation of business pro-
cesses with a certain adaptation are considered and found applica-
tion in the housing and utilities sector. Ivanov E.S. focuses attention
“on the need to achieve competitiveness in the housing and utilities
sector on the basis of a process approach, justifying the stages of
its implementation (Table)” [9].

When considering reengineering in the housing sector,
A.R. Ishmuratov gives the concept of business processes “as sys-
temically grouped, interacting functions of economic activity that
create, in conditions of limited resources, a product or groups of life
support products in the form of housing and communal services,
which are focused on achieving a balance of economic and social
interests of consumers, producers and other participants in
the housing market and are aimed at innovative development of
the housing sector” [10]. However, defining in his work “reengineer-
ing of business processes in the housing sector as an activity for
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Stages of implementation of the process approach in housing and communal services organizations [9]

Stages Content

Identification of business processes

Study of civil legislation and adopted federal laws, regulatory and industry documents
Formation and approval of business processes

Development of a conceptual model of business processes

Identification of the main business processes and management business processes

Deployment of business processes
of business processes

Appointment of responsible persons and business process coordinators Definition of the main characteristics

Description and regulation of business processes and subprocesses

Determining the sequence and interaction
of business processes

Identification of structural units responsible for the implementation of business processes
Building a matrix of distribution of responsibility and authority in the implementation of business processes
Building a business process interaction scheme

Qualitative improvement of business processes

Verification of the correctness and control of the achievement of the assigned tasks and/or consideration of new
goals based on the results obtained

Choosing a strategy and methods for improving business processes

Business process analysis

Documenting business processes
and process maps

Definition of business process documentation and development of documented business process procedures

Regulations on divisions, job descriptions and work instructions

redesigning systematically grouped into business processes and
interrelated work operations and functions” [10], the author did not
pay attention to such features of the industry as the social signifi-
cance of continuity of processes and the need to ensure sustaina-
ble activities of organizations and enterprises that cannot be pro-
vided when creating an almost new business system.

The analysis shows that operational engineering related to
the improvement of business processes in the housing and utilities
sector is not sufficiently researched and requires a comprehensive
consideration of the interaction of industries with the necessary re-
sources and the development of a methodology for modeling pro-
cesses, methodologies, recommendations for integrating manage-
ment processes with existing and prospective planned information
and digital components and include process models, organiza-
tional and structural models, performance indicators, information
models and modeling of information systems [11].

Housing and communal services, as a complex of business
processes at the operational phase of the life cycle of real estate
objects, provides for a set of measures, including technical, orga-
nizational, financial, economic, informational — communication, en-
vironmental and social aspects of the safety management of facili-
ties that ensure their reliability, safety, durability and reliability due
to the technical operation of building structures and engineering
equipment to perform design functions during the service life or
inter-repair period, First of all, these are the processes of technical
operation of housing stock, which consist of a continuous manage-
ment cycle and maintenance work, repair systems, cleaning, land-
scaping and landscaping, collection and removal of MSW, etc. To
auxiliary processes we will refer dispatching of consumer incre-
ments, taking readings of household metering units and parameters
of consumed resources, billing services, etc. [12].

The goals and objectives of the operation of apartment build-
ings include: ensuring the parameters of design quality and opera-
tional safety; diagnostics of the technical condition and planning of
the system of repair and maintenance measures; regulation of op-
erating modes and standard operating conditions, provision of
utilities and energy efficiency; determination and implementation of
indicators of sanitary and epidemiological safety; maintaining

a comfortable level of living; .organization of service and informa-
tion and communication services in a residential environment [13].

When operating the common property of apartment buildings,
the main business processes are decomposed into the following
subprocesses: maintenance; current repairs; sanitary maintenance;
major repairs. The result of the study of the business process of
managing apartment buildings with decomposition into subproc-
esses and functions is shown in Fig. 1, respectively, the business
process of production of utility resources includes subprocesses:
generation — transportation of utility resources — connection — provi-
sion — consumption of utilities.

Each business process considered can be characterized by
a system of indicators included in four main groups: quantity, costs,
lead time, quality. Based on this, there is a need to conduct a struc-
tural and functional survey of the main production processes in or-
ganizations, taking into account the creation of an information man-
agement model.

In the transition to digital management in a generalized form,
the order of work may include:

1. A descriptive model with the identification of duplicate flows
and traditional inefficient methods of information processing.

2. Justification of new business processes with increased
speed of information flows and, on this basis, increased efficiency
of interaction and decision-making.

3. Formation of a project for improving business processes,
taking into account new software solutions to ensure a unified infor-
mation system in the organization.

4. Implementation of the introduction of new (improved) busi-
ness processes.

5. Evaluation of the results obtained and their economic efficiency.

It is important to develop requirements for business processes,
determine the degree of maturity of the business processes of this
organization, carry out a cause-and-effect analysis of problems
and inconsistencies and develop corrective and preventive actions.
Fig. 2 and 3 show as examples the graphic designs of the analysis
of the problems that need to be solved and the assessment of
the degree of maturity of business processes.
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Fig. 2. Business process maturity self-assessment diagram
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Fig. 3. Matrix of causal analysis of problems Fig. 5. Scheme of the project ranking matrix
The process change should be initiated by modeling the de- CONCLUSIONS
mand for works and services, concluding contracts with contrac- o o .
- . . Taking into account the social significance and the continuous
tors, and distributing them across business processes (Fig. 4, 5). o ] i
nature of the provision of housing and communal services, ensur-
ing the sustainable activities of management organizations and
resource-supplying enterprises on the principles of client-centri-
city is possible on the basis of process improvement using
the methodology of the process approach and innovative digital
technologies.

In the process of strategic changes, many management or-
ganizations seek to improve their activities using engineering
methods, as well as new management technologies of digital
transformation. In our opinion, at the first stage it is necessary to
implement measures to improve business processes, since at-
tempts to integrate inefficient traditional processes into a new
digital system will not achieve the desired effect. Therefore, it is
necessary first to ensure the implementation of organizational and
managerial transformation in the organization as a stage of pre-
paring the system for further digital transformations, and then to
form a project case of relevant technological solutions, on the ba-
sis of which the next stage should be to build the implementation
of digital activities. Based on the results of the analysis, the model
presented in Fig. 6 has been developed. methodological model of

: : o o a process-oriented approach to the main business processes in

Preparation  Review of the Legal Agreement of  Signing of the  Signing of the . X . . . .

of the contract  agreement of the contract contract contract by the field of housing management with the implementation of engi-

contract the contract  with the client the client . L .

neering methods and digital transformations. The model allows

Cost.. rub you to visually see the map of the main business processes for

housing management, the flow of work performed as a factor of

creating additional value to ensure the working condition of build-

Flg 4. The process of conc[ud/'ng contracts with resource provi- ing structures and in-house systems and the provision of utilities,

ders, contractors for outsourcing and cleaning, direct contracts with to understand the sequence and interaction of engineering pro-
homeowners, etc. cesses and digital transformations. | 4
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MpyHUMNbI KNIMEHTOLLEHTPUYHOCTU GU3HEeC-
npoLeccoB B UHHOBALWMOHHOW CTpaTeruu
pPasBUTUS XXUNULLHO-KOMMYHanbHOW cdepbl

B cTatbe paccmatpurBaroTcs 0CO6EHHOCTU, MPUHLIMIBI U haKTopbI
3(PHEKTUBHOCTM COBEPLLUEHCTBOBAHUS OU3HEC-MPOLIECCOB, Kak
obbekTa LUMAPOBLIX NpeobpasoBaHui, U packpbiBaeTcs MeTo-
pjornorvyeckas Mofesnb MPOLECCHO-OPMEHTUPOBAHHOMO noaxoAa
K OCHOBHbIM 6U3Hec-Mpoueccam B cdepe ynpaBneHns >XXUnuLL-
HbIM (POHAOM C peanu3aumet METOQOB UHXMHUPUHIA U Lmdpo-
BbIX Npeobpa3oBaHuii. MNokasaHo, YTO XWUNLLHO-KOMMYHaIIbHOE
x03arcTBo (PKKX) — 310 cuctema 6M3HEC-MpoLeccoB Kak COBO-
KYMHOCTb B3aMMOCBA3aHHbIX HAanpaBneHnii No peanuaauuv ycnyr
M Npou3BOLCTBY pa60T, HanpaeJieHHbIX Ha co3aaHne cpenbl XN3-
HeOeaTeNbHOCTN Ana notpebutenei. YuutbiBas, 4TO COBPEMEH-
Hasi rocyfapCTBEHHas MonuTuMKa HaueneHa Ha Mepexof K Bbl-
CTpanBaHWIO BCEX CEPBUCOB rOCYAAPCTBa BOKPYr NOTpebHOCTeN
nogen, a undposas TpaHcopmauma akTMBU3MPYET MpUMeHe-
Hye 6onee 3PPEKTUBHBIX MOAENEN yNpaBneHus, B CTaTbe nccre-
JyeTcs 3ajaya nepexofga oT NPUHLMMOB KIIMEHTOOPUEHTUPOBAH-
HOCTU K KJIMEHTOLIEHTPUYHOCTM, 4TO NO3BONSET CHOpMMpoBaTh
Lienesyto hOKYCUPOBKY B [EATENbHOCTU OpraHu3aunii u npeg-
NPUATUA Ha KOMMNEKC AENCTBUIN, o6ecrnevnsatoLnx noBbILLEHNE
YAOOBNETBOPEHHOCTN KOMGOPTHOCTBIO U YCUIIEHWEe B3anuMopewn-
CTBUA C I'IOTpe6I/ITeJ1$lMVI. ﬂaHbI NOHATUA KIIMEHTOLEHTPUYHOCTUN
N KIIMEHTOLEHTPUYHOW CTpaTerMm Ha OCHOBE WCMONb30BaHWsA
NMPOLECCHOr0 MOAXOAAa C BbIAENEHWEM OTAesNbHbIX 6U3Hec-npo-
LieCCOB W AanbHENLLIMM UX COBEPLLEHCTBOBAHMEM Ha OCHOBE cHa-
NaHCUPOBAHHOW CUCTEMBI NOKa3aTesien, ynpaBneHns npoeKkTaMu
pas3BuTUs, MEHEIKMEHTA KayecTBa. Pesynbrar nccnefgosanms Ha
npumepe 6U3Hec-npoLiecca ynpasneHns MHOroKBapTMPHbIMU [0-
MaMu NpeacTaBneH AeKOMMO3nLUMen Ha NOANPOLECCHI U PYHKLUK
ynpasneHus. Ha Bbixofe Hay4HO-060CHOBaHHbIX 6U3HeC-NpoLec-
COB YBe/IM4MBAETCA Ka4eCTBEHHAas LleHHOCTb yCnyr (o6¢nyxuBa-
HWSA) ona noTpebuTens, a Takke paBHOBECHAd PEHTabenbHOCTb
ce6ecToMMOCTN MPOU3BOACTBA YCNYr C BO3MOXHOCTbIO (DOPMM-
poBaHMs [O6ABOYHOI0 Ka4eCTBa XUIIMLLHO-KOMMYHambHbIX YCIyr
6e3 pocTa NX CTOMMOCTM 3@ CHET CHUDKEHWS POSIN MOCPEAHWKOB,
COBepLUeHCTBOBaHUA TEXHONOrm4ecknx npoLeccos B npoun3eon-
CTBE PecypcoB, CO3AaHNA CTOMMOCTY aKTuea NPeanpuaTui unm
LIEHHOCTW YCNYT XWU3HeAesATeIbHOCTU Af1s NoTpebutenen.

Kno4yeBble cnoBa: rpoueccHbIi nogxon, KIMeHTOOPUEHTUPO-
BaHHOCTb, KIIMEHTOLeHTPUYHOCTb, AEKOMIIO3ULUS MPoLjeccoB
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real estate facilities in the context of drafting
integrated land development programmes

The real technical condition of a building or structure can be assessed only on the basis of its instrumental
examination. Capital repair plans and schedules are mainly drawn up without any instrumental control of load-
bearing structures, foundation maintenance and hydrogeological surveys of ground foundations, whose influence
on the operation of foundations in urban areas has increased dramatically. Densely built-up urban areas trigger the
deformation and destruction of existing and, to a greater extent, old buildings. Therefore, it is advisable to monitor
the condition of structures with an interval of no more than 3-5 years, rather than 10 years (according to effective
regulations). Planning repairs on the basis of the condition of structures, rather than using a traditional method of
determining the percentage of wear, ensures more accurate engineering solutions when scheduling repairs, by
spending money on strengthening structures rather than painting deformed walls. This approach allows cutting
unproductive financial and time costs. Saving financial resources by preventing the failure of structures eliminates
the need for their restoration. Such a solution is most appropriate and effective in the context of the implementation
of modern approaches to Integrated Land Development Programmes (“Programmes”).
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INTRODUCTION

he problems of scheduling capital repairs start
I from selecting the facilities in need of repair,
the starting date and duration of repairs and re-
constructions, the intended purpose and their fund-
ing. These issues always arouse debates and trigger
conflicts of interests at all levels of real estate ma-
nagement. However it is the deficit of cash that cre-
ates severe endless problems. By “problems” we can
and should understand the fact that significant funds
granted by the state, together with the additional fi-
nancing from Capital Repair Funds, and the result
that we obtain can in no way be called an “effective
investment” in this most important industry that
shapes up our living environment. Freshly painted fa-
cades of renovated buildings cannot hide the prob-
lems that determine the true “technical condition of
real estate facilities”, that management companies
and their contractors are willingly or unwillingly trying
to hide by performing “camouflage repairs” [1].

Historically, the responsibility for the technical
condition of real estate is assumed its owner. Ho-
wever, this means that there is no necessary control
of the technical condition of all types of the housing
stock and social facilities in residential urban quar-
ters built up 50-80 years ago. At the same time, the
problem of dilapidated housing has not been solved
for many years [2].

The system of visual inspections of buildings
and structures of urban real estate is based on the
data presented as a percentage of building struc-
tures in need of repairs and elements featuring de-
formations, cracking or destruction, which means
“physical wear” of structures and the entire building.
Such a formal approach to complex engineering
problems, which in certain combinations of

conditions, loadings, deformations and age-related
weakening of load-bearing structures, “inevitably”
turns into a state of active and progressive destruc-
tion of the building as a whole, is unacceptable to-
day. It is difficult for any professional to track such
changes in structures, which are often invisible, and
it is not possible for non-specialists of management
companies and real estate management services of
official owners. The prevailing opinion is that an in-
strumental survey of the technical condition of real
estate is absolutely necessary if there are legal re-
quirements. Spending money on the time consum-
ing and expensive process of instrumental examina-
tion is considered impractical today, if there are no
visible reasons and concerns [3].

PROBLEM STATEMENT

If the building examination is necessary in case
when a construction facility is prepared for major re-
pairs or reconstruction, a change in ownership or the
functional purpose, the inter-repair cycle of 40-50
years will be complied with. An approach to the mon-
itoring of the physical and technical condition of
structures has been developing since the 70s. It as-
sumes two visual examinations of facilities during the
year of operation. When dangerous factors of da-
mage emerge, instrumental checks of deformations,
strength or other parameters are recommended, al-
though this requirement is also rarely met [4].

It is obvious that:

o effective regulations (SNiPs, SP — Construc-
tion regulations, SN — Construction norms)
neither oblige, nor encourage the owner (this
has been in effect only since 2000) to reduce
the time between the examinations of con-
struction facilities [5];
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¢ the assessment of the physical condition of building struc-
tures, measured in the “percent of wear”, does not corre-
spond to the assessment of its real condition, since it takes
into account their age and fails to take into account the real
conditions of their operation;

e currently, there is an insufficient number of professionally
trained specialists equipped with modern equipment and
measurement methods in the field of the technical control of
the condition of the urban housing [6];

e over the past 20 years, the conditions of the real estate opera-
tion have changed significantly due to the impact of the at-
mosphere and other growing man-induced impacts.

Over the past decade, the totality of the factors, influencing the
real estate management sector, has been supplemented by the ef-
fect of groundwater on buildings and structures. As a result, proper-
ties of soil bases change. This happens under the influence of hy-
drogeological conditions changing in urban areas at a different
pace. Such changes are triggered by the intensive development of
urban areas via densification and implementation of such design
solutions as underground or high-rise elements of buildings.
A pressure drop in layers of soil radically affect water flows in aqui-
fers and, thereby, dramatically change the bearing properties of
soils under existing facilities. Vibro-shock vibrations of soils and
buildings, triggered by construction works and transport vehicles,
for example, impact piling technologies, prohibited in urban areas,
multiply this effect. The situation is aggravated by frequent (hidden)
emergency breakthroughs of aquifers.

St. Petersburg and Moscow construction communities have
drafted and updated TSN (Local Estimated Cost Standards)
50-302-96 (1997) and TSN (Local Estimated Cost Standards)
50-302-2004 (2004), namely, their section “Construction (design) of
foundations of civil buildings and structures”. As well as SP 50-101-
2004, designated for buildings erected near existing (or adjacent)
facilities. These norms provide for the mutual influence of such ob-
jects, that intensify the loading of soil, foundations and frameworks
of buildings, so that it exceeds initially designed load values. Such
zones of dangerous influence have radii up to 30-50 m.

In other words, the practice of construction under the condi-
tions of dense urban development shows that the problem of inte-
raction in the course of the implementation of complex design and
engineering solutions (at the stages of “survey — design — construc-
tion”) is particularly relevant today.

These standards explain the fundamentals of such engineering
interaction. An accurate statement of the stress-strain state of any
facility can only be obtained by making instrumental examination of
the contact area of the facilities under construction. Destructive
processes in soil foundations are constant and continuous, but their
substantial intensification and diversification are proportionate to
the increase in the pace of urban construction. At the same time,
recommendations and instructions concerning the mandatory tech-
nical control in the area of contact load is of serious concern, since
it is not carried out at any stage of the land development process.
This control is performed neither at the survey stage, nor at design
and construction stages. Rather, surveys are only conducted at the
stage of the building operation, as in the aftermath of 40-50 years
the need for capital repairs forces the owner to analyze the techni-
cal condition of a facility [7].

MAIN PART

Let's consider what economic result this practice of technical
control over the condition of buildings may generate at the present
stage of development of the construction industry and the sector of
housing and utilities.

In the central cities of Russia, major buildings were built in
the 1960-1980s, the most productive (industrial) construction
term of the Soviet period. Their age exceeds 45-50 years; there-
fore, they require major repairs and technical maintenance.
These buildings are located mainly in the central zones of urban
areas, where developers are now seeking to build new facilities.
The decision on the expediency of the repair, reconstruction or
demolition of a particular building can only be made based on
the results of a very thorough instrumental examination, taking
into account the data on new hydrogeological surveys. Extensive
technical surveys need to be conducted in large residential ar-
eas, where the growing bearing capacity of soils exceeds
the design values. At such a stage, before deformations start
growing and before the structural failure process is triggered,
only a special examination and instrumental measurements can
register the initial phase of the stress amplification and prevent
the destruction process. Modern engineering technologies ena-
ble engineers to quickly, efficiently and inexpensively stop
the process of building failure 8, 9].

This determines the economic benefit of advanced stress con-
trol before the onset of deformations and the failure of building
structures, thereby preserving structural integrity. It is this fact that
ensures the long-term structural strength of a building and the ab-
sence of significant costs for a long period of its operation. The in-
tegrity of foundations and the building frame contributes to
the preservation of heat-hydro-insulation, elements of engineering
networks, roofing structures and finishing coatings [10]. It drasti-
cally reduces the estimated costs of current and major repairs, but,
most importantly, eliminates huge costs of restoring collapsed
structures. The cost of such an approach to the problem of real
estate maintenance becomes the cost of an instrument kit needed
for examination and control. These non-recurring costs range from
3.5 to 6 million rubles, and the cost of performing control measure-
ments is from 30 to 80 rubles per square meter of the total area [11].

The productivity of the examination of buildings using a modern
set of equipment can average 4-8 facilities a month and up to 100
facilities a year. Surveys of urban residential houses, if conducted
once in two years, can provide city administrations with accurate
information necessary for planning major repairs, given that
the number of facilities requiring repair and restoration measures,
exact types and amounts of required work, their estimated cost and
timing of are available. The surveys of buildings operated by ma-
nagement companies can be funded from the capital repair fund.

The main condition of effectiveness is that the activities of com-
panies in control of the technical condition of buildings are based
on their state ownership. The costs of their maintenance and opera-
tion are easily covered by the reduced costs of repairs, reduced
inefficient costs of minor repairs of buildings that have hidden and
undetected structural defects [12]. Accurate engineering calcula-
tions make it possible to identify bearing capacity resources of
building structures and timely strengthen them to prevent further
destruction. If the load-bearing capacity of building frames is main-
tained, conditions are created for increasing the inter-repair cycles,
funds are made available for more necessary types of work at other
facilities [13].
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This management system is most effective is applied to inten-
sive reconstruction and construction within the framework of Inte-
grated Local Development Programs.

Figure presents statistical data on the types of work performed
within the framework of the capital repair of residential buildings.
With a total annual cost of 890 million rubles, the absolute priority in
terms of financing is given to the repair of the structures that are in
the pre-emergency condition. These are roofing, facade and repair
of heat supply systems. The repair of the foundation structures was
included into the cost of repair of the basement walls, amounting to
0.2 % of the total cost. Specialists are aware that the lack of funding
needed to repair the foundations, wall frames and ceilings indicates
the lack of due attention to them and, as a consequence, the failure
to perform their examination. This fact is confirmed by the rapid
failure of new finishing layers and the need for repeated annual re-
pairs. This fact is also confirmed by the cost of instrumental surveys
specified in the top row of the table, which amounts to $1.53 million
rubles, or 0.2 % of the total cost amount. This amount corresponds
to the cost of surveys of three to five construction facilities out of
200, initially selected for examination.

In other words, the planning of major repairs is not preceded by
instrumental surveys of construction facilities [14]. This means that
the engineering solutions made in respect of the facilities selected
for repairs, their real technical condition, the need for the reinforce-
ment of load-bearing structures, are made without analyzing relia-
ble information. This certainly provokes inappropriate financing,
reduces its effectiveness, and makes it largely useless. The main
problem triggered by this approach is that the number of building
failures is not reduced by such repairs, and the number of houses
with substantial defects is constantly increasing. That means that

funds are being spent, but the condition of the housing stock be-
comes worse even faster [15].

The purpose of the Programme is reorganization, renewal and
modernization of residential urban areas to make them safer and
more comfortable. Towards this end, the main component is the re-
organization of areas, redevelopment of blocks and, most impor-
tantly, decision making on the preservation, repair or reconstruction
of existing residential and public buildings. It is possible to develop
engineering solutions on the demolition of objects, the use of which
is no longer feasible or simply dangerous due to their technical
condition [16]. The construction of new buildings is impossible with-
out the preparation of new sites and the demolition of old buildings.
These problems are extremely difficult to resolve without prelimi-
nary in-depth instrumental surveys of a large number of buildings
and structures.

CONCLUSIONS

Given the experience accumulated in the construction and op-
eration of real estate facilities, particularly, residential buildings, one
should realize that the success and economic efficiency of building
management, to a significant extent, depends on the accuracy and
completeness of information about the technical condition of each
construction facility. Such information can only be obtained on the
basis of the results of instrumental control performed using modern
instruments and equipment operated by qualified specialists.
The cost of such a survey is disproportionately smaller than the an-
nual cost of inefficient repairs. The development of capital repair
plans based on the data about the condition of facilities allows pre-
venting any pre-emergency situations and performing timely

Capital repair costs by the type of work (in rubles)

Instrumental examination

Conversion of an unventilated roof to a ventilated one

Construction control

Drafting the project design, budget, and engineering documentation
Repair of in-house ventilation and air conditioning engineering systems
Repair of in-house engineering drainage systems

Repair of in-house engineering systems of hot water supply

Repair of in-house engineering heat supply systems

Repair of in-house engineering systems of cold water supply
Repair of in-house power supply engineering systems

Roof repair

Blind area repair

Repair of basements

Facade repair

Repair of the foundation of an apartment building

Installation of collective (utilities) measurement devices

Facade insulation

| 1523561

I 242354117

l 5341142.66
I 32212551.93
| 486465.04

N 33732726.81
M 10372712.54
I 232559666.8

I 33770864.24

I 33286401.03
I 289682616.3
| 102315.02

| 1100717.36

/N — 195301014.03

| 165311.61

| 685713.12

M 13584581.46

0 100000000
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Costs broken down by the types of repair and construction works within the framework of the capital repair of the housing stock of Voronezh

in 2019-2020 according to Rosstat
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structural reinforcements, and adequately distributing the amount
of funding among the facilities.

The implementation of the Programme requires the engineering
information to be prepared at the stage of development of master
plans in the process of designing the urban infrastructure.
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Optimized construction work scheduling
in the context of integrated urban development

The integrated development of residential areas encompasses a favourable and comfortable living environment
as well as the rational use of urban space. A generalized work schedule is one of elements needed for integrated
urban development. The proposed methodology of drafting, calculating and optimizing work schedules within the
framework of integrated urban development serves this purpose. Its step-wise implementation is reduced to the
following procedures.

An organizational and engineering development plan is drafted. It encompasses the calculation (estimation) of
work durations, setting up links between the construction work packages along with restrictions imposed for the
dates of the events. Further, subject to the input data and the streaming (workflow) method of construction work
organization using Microsoft Project software, an acceptable basic solution is identified. It is based on a solution
to the system of linear equations that describe the organizational and engineering schedule of construction works.
After a basic acceptable solution is obtained, calculations are optimized in Microsoft Project to minimize unit
investment costs. The cost-effectiveness of an optimized schedule focused on the integrated development of
an urban area is evaluated by the Project Expert software. Further, the feasibility of implementing an optimized
schedule is verified using the visual representation of the development process in BIM software similar to Revit.
A relatively small number of development prioritization options allows evaluating each of them against the pre-
selected cost-effectiveness criteria and choosing the best option.

Keywords: scheduling of construction, organizational and engineering plan of construction, time constraints
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INTRODUCTION

he main principle behind the integrated deve-

lopment of residential areas is specified in the

Urban Planning Code of the Russian Federa-
tion'. According to its provisions, integrated urban de-
velopment encompasses a comfortable enabling liv-
ing environment and the optimal use of urban space.
One of the elements needed for this principle to be
implemented is drafting a generalized schedule of
works. To draft a construction schedule, organization-
al and engineering solutions need to be developed to
ensure the effective disbursement of capital invest-
ments, and the volumes of construction and installa-
tion works on buildings, structures as well as between
construction periods?. The document which deter-
mines the efficiency of organizational and enginee-
ring solutions is called a construction planning design
(CPD) or master plan. According to the project docu-
mentation make-up requirements, the CPD is defined
as a section setting the overall duration and mile-
stones, as well as the distribution of capital invest-
ments along with volumes of construction and instal-
lation works®. Yet any integrated development in-
cludes many projects, and therefore problems related
to delays in construction occur in the course of inte-
grated urban development. Quite a few research
works mention heterogeneous problems in creating
a universal recipe for preventing delays in construc-
tion. These problems are associated with the unique-
ness of construction projects, the complexity of timing
and the allocation of financial and labour resources

1 Urban Planning Code of the Russian Federation.

between different projects which are part of the inte-
grated urban development [1].

Article [2] describes the results of a research ex-
posing the impact of seven groups of factors on con-
struction delays. From the material presented, it ap-
pears that 3 groups of factors largely contribute to
construction delays. These include factors related to
labour and financial resources. Other researchers
have also concluded that ineffective time and cost
management also leads to project failures [3, 4].
And all authors acknowledge that an accurate fore-
cast of construction time is desirable at the planning
stage [5]. Hence, the task of integrated development
scheduling should be addressed at the stage of
PCD elaboration, and this task is relevant in the ini-
tial planning of construction.

The toolkit for planning integrated development
schedules includes project management software
products, such as Primavera [6] and Microsoft Pro-
ject [7]. Standing out among the methods of plan-
ning an integrated development of urban areas are
workflow approaches to construction activities, sta-
king on rational sequencing and prioritization in
building various projects [8]. Various methods of di-
rected sorting of options, for example, those set out
in works [9, 10], can be used in addressing this kind
of tasks. Yet in our opinion, the methods of directed
search for the right options do not take into account
the possible restrictions associated with the com-
missioning of projects. For example, a situation may
arise, when a project has been built, but cannot be

2 SP 48.13330.2019. Construction Organization SNiP 12-01-2004 Rulebook No. 48.13330.2019, dated December 24, 2019.

3 On the make-up of design documentation sections and their content requirements : Russian Government Resolution No. 87 dated February 16, 2008.
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P> put to use due to the construction of adjacent facilities. It has been above-ground works, which in turn will lead to a reduction in labour

shown in [11, 12] that such a situation can be predicted and ruled requirements.
out by using a construction visualization model generated through To further solve the problem related to the reduction of labour re-
the BIM design technology. quirements, the method of uncertain resource coefficients seems to be
Residential and public buildings are the target of integrated ur- most appropriate [13]. But the original version of this method uses
ban development. The financial costs of their construction are dis- a linear (in terms of time) target function, and for the criterion consid-
tributed unevenly, this unevenness being characteristic of all pro- ered above, which determines the intensity of costs, the work duration
jects reflected in the construction duration standards®. Table 1 factor is included in the denominator of the corresponding criterion,
shows a fragment of the construction duration standards for resi- which betokens non-linearity. Therefore, in order to adapt this method

to the task of drafting an optimized schedule for integrated urban de-
velopment, it is necessary to change the optimization algorithm.

dential buildings.
Processing of the data provided shows that preparatory works are
carried out at a rate of 5t0 9 % per month, foundation works are car-

ried out at a rate of 15 to 18 % per month, and interior works are carried METHODS

out at a rate of 6 to 11 % per month. The building’s above-ground part Let us consider one example of integrated urban development.
is most cost-intensive, with a corresponding execution rate of these As an initial condition we will assume that its organizational and
works standing at 15 to 31 % per month. The specific costs of technological plan should be oriented towards continuous ad-
the above-ground part will only increase for higher-rise buildings, as vancement on all work fronts. The accepted constraint corresponds
a general rule. Consequently, in order to align the investment costs to minimization of interruptions, when related works are performed
associated with construction, it is necessary to increase the time for on each building. The demonstration example shown in Fig. 1

Table 1. Fragment of residential development duration standards (all preparatory works are assumed to take one month)

o T ) ) Integral costs by months, %
Type of building Floor Area Foundation ground Interior
norm 1 2 3 4 5 6 7 8
Panel 9 3,000 5 1 2 1 8| 26 | 59 | 89 | 100
Cast-in-place 9 3,000 7.5 1 4.5 1 5129 | 42 | 56 75 85 | 96 100
Brick 9 3,000 8 1 45 1.5 9| 24 | 40 | 55 72 83 | %4 100
| bey= |1building= 5 rcy= 37 |2bui|ding= 4 rce= 29 |3bui|ding= 6 rcs= 28 |4building= 5 housing preparation ~ ec;= 92
o 5 42 45 77 &3 112 116
fes= fea= fes= fea=
bcz= 5 1building= 13 rcs= 28 |2building= 12 rcs= 25 pbuilding: 11 rcs= 22 pbuilding: 12 foundation works  ec>= 80
5 18 45 58 83 s 116 128
fes= fes= fer= fes=
be3= 18  Groundworks 1building= 40 rc;= 2building= 36 rcg= 3building= 34 rce= 4building: 36 ecs= 44
18 58 58 93 94 128 128 1584
fes= feso= feus= fei2=
bcs= 58  Interior works Ilbuilding= 1Z| rcip= 24 Ibuilding: 15 rcy= 19 i.building: 14| rcyz= 22 ‘4building= 13| ecs= 31
58 70 54 109 128 142 184 177
bes= Im rcis= 33 Im Preparatoryworks ~ ecs= 166
o 5 38 42
feis= fe1a=
bes= 5 DormNel= 15 rcis= 22 | DormNe2= 12 foundation works ~ ecs= 154
5 20 42 54
feis= feis=
| bc;= 20 DormNel= 34 rcis= DormNe2= 36 Ground works ec;= 118
20 54 54 %0
feiz= feis=
bcs= 54 IDormN91= 8 | rcis= 28 IDormN92= 9 | Interior works ~ ecz= 109
Starting not earlier than in 52 weeks 54 52 %0 99
nby=
| beo= 52 school= 5 rciz= 28| kg= 4 rcig= 22 | yah= 3 Preparatoryworks ~ eCo= 94
52 57 85 89 112 114 Finishing not later than in 156 weeks
feio= fezo= feas= ne;= 22
bcio= 57 | school= 32| rcio= | kg= 25 rczp= yah= 20 ecio= 74
57 89 89 114 114 134
Estimated execution of construction on a cluster using continuous expansion of work fronts method Tp=  177H
Directive execution of all construction works on a cluster Td= 208 H

Fig. 1. The diagram of integrated urban development entailing continuous work performance

4 SNiP 1.04.03-85. Construction Duration and Backlog in the Construction of Enterprises, Buildings & Structures Standards. Codex JSC, 2020. URL: http://docs.cntd.ru/docu-
ment/1200000622
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includes the following make-up of projects under construction: four
panel buildings for permanent residence, two brick buildings (dor-
mitories) for temporary residence and three buildings oriented to-
wards the integrated educational function, housing a school, a kin-
dergarten (nursery school), and a youth art house. In total, nine
buildings are included in the integrated urban development work-
flow.

When integrated urban development is planned, all panel buil-
dings are consolidated into an integrated construction workflow,
having a pre-set order (priority) of construction for each project.
Brick dormitory buildings generate another construction stream or
workflow, whereas the third workflow comprises educational facili-
ties.

Each rectangle in the workflow chart contains items of work and
terms of their performance in weeks. It is not methodologically dif-
ficult to estimate the duration of works for this kind of facilities, as
there are respective recommended values specified in the Con-
struction Duration Standards®. Shown below the corresponding
rectangles are the durations of all works (in weeks), calculated by
using the method of uncertain resource coefficients. In this calcula-
tion, step (stage) 1 of the uncertain resource factor method was
used, related to finding an acceptable basic solution. The total
number of unknown resource factors (coefficients) depends on the
number of construction activities in each of the three identified
flows. Each of the resource coefficients is found using formula (1).

;.Q.Q@.a a_a _a (%71)

= =4 = +
R R R R R R

max max max max

(1)
=T, +al,

min?

Where a is an uncertain resource coefficient.

The above formula includes the following parameters: labour
intensity — Q, maximum number of resources — R,,,,, MiNimum
duration of work — T,,;,, and estimated number of labour resourc-
es — R. Since in this example, the general work schedule formation
is based on the use of construction duration standards, we'll as-
sume that these durations correspond to the assumption of labour
resources equivalent to 100 %. which is tantamount to the assump-
tion of R,,, = 1. Then the duration of an individual job will be calcu-
lated using the following formula:

T = 7—min +aTmin' (2)

In the search for an acceptable basic solution, all uncertain
resource factors should have the status of free or loose variables,
which corresponds to their zero value. Therefore, the calculation of
an acceptable basic solution is carried out with regard for the mini-
mum durations of individual works.

The results of the calculation show that the last residential buil-
ding can be commissioned in 177 weeks from the start of construc-
tion. Both dormitory buildings should be completed in 99 weeks,
whereas all educational facilities are to be completed in 135 weeks.
However, there are 2 types of time restrictions imposed on the con-
struction of educational edifices: the works have to start not earlier
than in 1 year (52 weeks) and to be completed not later than in 3
years (156 weeks). Taking into account the parallel execution of
works on all construction flows, the estimated completion of con-
struction on the entire urban cluster is 177 weeks. As an additional
condition, a limit for the directive term of construction completion is
assumed, equal to 4 years, which corresponds to a duration of 208
weeks.

As per the method of uncertain resource coefficients, the or-
ganizational and technological plan of construction can be de-
scribed as a system of linear equations. In this case, the entire
composition of variables included in the system of equations is
shown in Fig. 1. This system of equations includes resource links
designated as rc,. There are frontal links between related tasks,
determining the technological sequence of works of different
types, denoted as fc;. The duration-defining variables estimated
from the general launch of the project to the execution of initial
tasks within each type of works are defined as initial links — bc;.
The duration-defining variables from completion of the last works
of each type to overall ending of the project are defined as final
links — ec;. The timing of each of the tasks included in the overall
activity schedule can be constrained. The “start not earlier than”
type of constraints is defined by a date, and the difference be-
tween that date and the unknown launch of the work is defined by
a variable designated as nb,. The “finish not later than” type of
constraints is also defined by a date, and the difference between
that date and the unknown end of the work execution is defined by
a variable designated as ne,.

The final system of equations describing the organizational and
technological plan of integrated urban development is divided into
3 groups of equations. The first group includes resource equations
describing the execution of works of one type. For instance, the
resource equation corresponding to the execution of above-ground
works represents the sum of durations of corresponding works in
respect of 4 buildings. Added to this sum is the sum of interruptions
defined by resource links and the sum of interruptions defined by
initial and final links. By summing up all of the above-listed varia-
bles, we arrive at the equation determining the equality of the direc-
tive construction duration.

bcy + 146 + 146a5+ rc, + rcg + rcg + ecy = 208. (3)

The equation shows the relationship between the two types of
works, and it includes the sum of the durations and links of respec-
tive parts of the work types. For example, the equation going
through the frontal link, fcg, includes all the durations and links mak-
ing up the left part of the second work type and the right part of the
third work type.

bc,+ 25 + 25a, + rc, + feg+ 106 + 106a5 + rcg + rcg +
+ ecy = 208.

The third group of equations is made up with regard for con-
straints on the deadlines for individual tasks. These constraints cor-
respond to dates and unknown variables. The dates define a time
limit which, terminologically, can be replaced just by a “limit”, and
then the corresponding equations could be described as “limited
equations”. There are only two of these in the example below.

52 + nby+ 12 + 12a9+ rcy; + rcyg + €cqy = 208, 5)
bCig+ 77 + 77245+ Cqg + ICoy + NE, = 156. ()

As a result, the organizational and engineering plan of integra-
ted urban development, shown in Fig. 1, is described by means of
33 equations including 73 variables. In linear programming, a sys-
tem of equations of this kind is called a simplex matrix or just a sim-
plex. The optimization solution of the linear programming problem
is divided into two stages.

At the first stage an admissible basic solution is formed. For
most problems solved using a linear programming method, it is
assumed that the order of introducing variables into the
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P> admissible basic solution does not matter [14]. Yet for the problem

we set, the order of introducing variables determines the workflow
method of construction. The monograph [9] assumes that the
workflow method of construction organization is determined by
the constraints imposed on the links between various activities.
Thus, at the first stage a solution is formed in accordance with the
workflow method of construction whereas at the second stage, an
optimization solution of the problem is used in accordance with
the optimization criterion described above.

RESULTS AND DISCUSSION

If in the original simplex all frontal links are moved to the end,
then by applying the search of the next baseline variable with
a forced return to the beginning, one can possibly obtain the solu-
tion for a system of equations with zero values of frontal links. This
simplex matrix solution is shown in Table 2.

The second and third columns of Table 2 show the names and
values of baseline variables obtained at the stage of finding an

Table 2. Simplex matrix for an acceptable basic solution

admissible basic solution. The number of baseline variables
equaling the number of equations is the first sign of the admissible
basic solution existence. If the name and value of a respective
variable is missing in Table 2, it means that the variable in ques-
tion is free and its value (by definition) is zero. The problem solu-
tion suggested shows that all frontal links turned out to be free
variables. This means that an admissible basic solution is equiva-
lent to the method of calculating the workflow organization of con-
struction, corresponding to the continuous advancement on all
work fronts. We assume the obtained solution as the basis for fur-
ther optimization of integrated scheduling.

As was earlier noted, in order to reduce cost peaks, it is neces-
sary to apply a criterion defining specific costs per time unit. Such
a criterion can be calculated for each activity, the results being
summarized in Table 3.

The first row or line in Table 3 shows the investment costs
broken down by types of works. One of the sources for estimating
the given costs is a document called “Consolidated Standard

) Indices of resource coefficients
Eq. No. Variables Values
1 2 3 4 5 6 7 8 9 10
1 ec; 92 5 1 110
2 be, 5 -5
3 bey 18 -5 -13
4 be, 58 -5 -13 -40
5 Cy 166 5 3 34
6 beg 5 -5
7 be, 20 -5 -15
8 beg 54 -5 -15 -34
9 bey 52
10 beyg 57 -5
11 ec, 80 5 13 110
12 rey 37 4 -1 -40
13 rc, 31 6 -1 -36
14 Icy 28 5 1 -34
15 ecy 44 5 13 146
16 rc, 28 12 -40
17 Ics 25 11 -36
18 Icq 22 12 -34
19 rcyg 24 -36 12
20 1044 19 -34 15
21 rcy, 22 -36 14
22 ec, 31 5 13 146 13
23 cq 154 5 15 34
24 ICy3 33 4 -3 -34
25 ec, 118 5 15 70
26 ICy4 22 12 _34
27 Ity 28 -36 8
28 ecg 109 5 15 70
29 €Cqg 74 5 77
30 (o 28 4 -32
31 ICyg 22 3 -25
32 6Cy 94 5 57
33 ne, 22 5 77
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Table 3. Optimized calculation of an integrated work schedule

Line Work type indices
Name of the parameter

No. 1 2 3 4 5 6 7 8 9 10
1 Investments costs, RUB million 63 97 915 53 36 58 375 45 51 555
2 Initial duration, weeks 20 48 146 54 9 27 70 17 12 7
3 Unit costs, RUB mIn/week 3.15 2.02 6.27 0.98 4 2.15 5.36 2.65 4.25 7.21
4 Initial order of optimization 6 9 2 10 5 8 3 7 4 1
5 1st step: duration, weeks 20 48 146 54 9 27 70 17 12 99
6 1st step: unit costs 3.15 2.02 6.27 0.98 4 2.15 5.36 2.65 4.25 5.61
7 Optimization procedure after Step 1 6 9 1 10 5 8 3 7 4 2
8 2nd step: Duration, weeks 20 48 177 54 9 27 70 17 12 99
9 2nd step: unit costs 3.15 2.02 517 0.98 4 2.15 5.36 2.65 4.25 5.61
10 Optimization procedure after Step 2 6 9 3 10 5 8 2 7 4 1
11 3rd step: Duration, weeks 20 48 177 54 9 27 188 17 12 99
12 3rd step: unit costs 3.15 2.02 5.17 0.98 4 215 1.99 2.65 4.25 5.61
13 Optimization procedure after Step 3 5 8 2 10 4 7 9 6 3 1

Construction Prices” [19]°. The second row in Table 3 shows the
total initial durations of the works, while the third row shows the
specific costs determined by the corresponding ratios of invest-
ment costs to the initial durations. The fourth row presents the or-
der of optimization, based on the assignment of ranks in accord-
ance with specific costs. Based on the resulting rankings row, it
has been found that the optimization should start with the tenth
job. The optimization mechanism boils down to performing the
following procedures.

The third column of the simplex (see Table 2) shows the values
of the baseline variables; their reduction can be used to increase
the work durations. However, to make sure that further recalculation
of the simplex does not result in negative values of the variables, it
is necessary to come out with such an equation whose time reserve
is determined by the minimum ratio of the value of a variable to the
value of a resource factor. In this case, the search for the minimum
is performed only for resource coefficients that have positive val-
ues. For works of the 10th type, we obtain:

74 _ 0.961); (% = 1.649]: (Q = 0.286):
77 57 77

a =min

)
=0.286

The resulting minimum corresponds to the 33rd row of the sim-
plex. Based on the former, new values of work durations can be found,
which will be greater than the initial durations by (77 + 22) / 77 = 1.286
times. As a result, the new total duration of all works of the 10th type
will be 99 weeks. The essence of this procedure means reducing the
value of the baseline variable to zero and a corresponding increase in
the total duration of the work type. Pursuant to the earlier stated for-
mula (1), finding the minimum value of the ratio sought is equivalent to
finding the unknown resource coefficient. Next, all the equations are
recalculated according to the standard linear programming proce-
dure.

Taking into account the results obtained at Step 1 of the calcu-
lation, the 5th row of Table 3 presents both the previous and the
new durations of activities (works), calculated in a similar manner.

5 NCS 81-02-01-2020. Consolidated construction cost standards. Moscow, 2020.

As per the new durations, the 6th and 7th rows of Table 3 show the
results of recalculation of specific costs and the new order of opti-
mization. According to the results obtained in step 1, it is necessary
to proceed to the procedure of increasing the duration of third-type
works. After performing step 2, job No. 10 reclaimed the first rank.
But since this job has completely exhausted the time reserve, the
optimization process moves over to job No. 7. Following step 3 of
the calculation, all time reserves were exhausted, this fact precon-
ditioning the end of the optimization process.

The calculation procedures presented above are implemented
in Microsoft Project management software by creating a macro pro-
gramme written in the Visual Basic for Applications programming
language. Fig. 3 shows the result of automated calculation of the
optimized scheduling for integrated urban development.

Fig. 3 shows the obtained solution is totally in line with the cal-
culation of the workflow organization of construction, carried out by
way of continuous advancement on all work fronts, this method be-
ing described in monograph [9]. The thin lines are used to show the
initial schedule of works on the given chart, calculated before ap-
plying the above-stated optimization procedures.

Drafting of an optimized construction schedule under the inte-
grated urban development will not be complete unless it is as-
sessed using the standard criteria for economic evaluation of in-
vestment projects adopted in the world practice [15] and in the
Russian Federation®. Automation of the assessment process can be
implemented in the Project Expert programme [16]. The optimized
schedule in this programme is shown in Fig. 4.

To obtain estimation criteria, information has been entered into
Project Expert to supplement the cost-based investment cash flow
with positive receipts related to payments for commissioned facili-
ties. In this example, the payment for the facilities is assumed to be
40 % higher than the corresponding investment costs. The calcula-
tion takes into account value added and profit taxes of 20 % as well
as a discount rate of 12 %. Fig. 5 shows the indicators of various
project efficiency assessments calculated in Project Expert.

In general, all estimates have proven their cost effectiveness for
the assumed parameters of the future project implementation. Ho-
wever, the optimized schedule of works has been formed for the

6 Methodological Recommendations on Estimating the Efficiency of Investment Projects: approved by decrees of Russian Economy and Finance ministries. Gosstroy of the Russian

Federation, June 21, 1999.
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4 @ Preparationl k= 04.01.2021 07.02.2021
5 e Found. 1 Ell 08.02.2021 08.05.2021
[3 o Structure 1 33 10.05.2021 13.04.2022
7 - o Finishing 1 B84 14.04.2022 06072022
8 HE House 2 52z zizan 27.05.2023
9 - o Preparation2 @ 212202 18.01.2022
10| e Found. 2 84 19.01.2022 12042022
n - @ Structure 2 305 13.04.2022 11022023
12| Lo Finishing 2 108 13022023 28052023
13 HE2 House 3 504 17.10,2022 03.03.2024
14| @ Preparation3 42 1702022 222
15 @ Found. 3 e 28112022 12022023
» 18] o Structure 3 =8 13022023 27112023
17 - o Finishing 3 8 2811.2023 04.03.2024
18| | ‘& House 4 516 o.08.2023 28122004
19 e Preparationd # 0.08.2023 04.09.:2023
20, e Found. 4 84 15.03.2023 27112023
21 - @ Structure 4 305 2812023 27.09.2024
22| Lo Finishing 4 El 30.09.2024 29122004
23 Dormitory cluster 1454 040,200 7122024
] Derm. 1 801 04.01.2021 15032023
25 o Prep. 1 k-] 04.01.2021 07.02.2021
26| - Found. 1 105 08.02.2021 23052021
27) o Strul 608 24.05.2021 21.0.2023
28| - o Finish.1 5% 200002023 16032023
23] 2 Dorm. 2 a2 30.09.2022 20122024
30, o Prep. 2 ] 30.09.2022 27102022
3 L e Found. 2 8 28102022 12012023
32 o Stru, 2 £44 20012023 24.10.2004
33 L o Finigh.2 63 28102024 29122024
34 Educational buildings 7% 30,2022 28122023
35, o School preparation -] 03.00,2022 06.02.2022
36| o School 204 07.02.2022 17012022
37 @ Kindergarten preparation = #710.2022 21.1.2022
38 @ Kindergarten 28 zn.2z 07.07.2023
39| = Art centre preparation 2 15.05.2023 05.07.2023
40| @ Art centre 178 06.07.2023 3022023

Fig. 4. Integrated urban development scheduling in Project Expert
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'z}, Effectiveness of investments E]'_ = :'
Project duration: 60 months -
x . ererence |
Calculation period: 60 months
PARAMETERS RUBLES | UsD
P Discounting rate, % 12,00 12,00
Payback period, PB, months 47 47
Discounted payback period, DPB, months 48 48
Average rate of return, ARR, % 25,67 2567
Net present value, NPV 23 23
Profitability index, Pl 1.03 1,03
Internal rate of return, IRR, % 14,01 14,01
Meodified internal rate of return, MIRR, % 12,36 12,36
Business value (DDM) 1216 1216
Fig. 5. Estimated project efficiency parameters calculated in Project Expert
given sequence of building various projects included in the The cost effectiveness of the optimized scheduling under inte-
scheme. Obviously, calculating a schedule for a different sequence grated urban development is assessed in the Project Expert pro-
will yield different results, but it can be carried out using a similar gramme.
algorithm. It follows from the practice of planning urban develop- The admissibility of implementing the optimized schedule is
ments that the total number of projects included therein will be of checked by visualizing its development using a Revit-like BIM mod-
the same order as in the example presented’. Therefore, it can be elling programme.
shown that the formation of work schedules for all possible con- Due to a relatively small number of options determining the pos-
struction sequences is quite a solvable task, even when using the sible development priorities, all the preceding procedures are car-
method of the full sorting of options. ried out for each of them, the best option being selected on the
In the example presented, the maximum volume of full-scale basis of cost-effectiveness criteria.
sorting of construction schedules will be determined as a product
of the number of options for each of the selected streams (flows). REFERENCES
The first flow has 4 facilities, so this translates into 24 permutation
options; for the second flow we have 2 permutations, and for the 1. Tafazzoli M.S., Shrestha P.P. Investigating causes of delay in
third flow — 6 permutations. As a result, we have 288 optional pro- us. zg)nstrugt'lon p;"ol‘?‘;tsugfr%gs/e Annual lnternatlonzl Co/nfer-
: ) ; - ence Proceedings. . : http://www.ascpro.ascweb.org,
Je?t developfnent sequepces, and thls, number deﬁnes the !|m|t of 2. Kazaz A., Ulubeyli S., Tuncbilekli N.A. Causes of Delays in Con-
this problem’s computational complexity. In practical planning we struction Projects in Turkey. Journal of Civil Engineering and Ma-
actually have all sorts of time and other constraints, significantly nagement. 2012; 18(3):426-435.
reducing the scope of the problem of finding the optimal priority 3. Gunduz M., Nielsen Y., Ozdemir M. Quantification of delay factors
order [17]. This fact points to the effectiveness of the full search/ by using Relative Importance Index (Rll) method for construction pro-
sorting algorithm jects in Turkey. Journal of Management in Engineering. 2013;
' 29(2):133-139. DOI: 10.1061/(ASCE)ME.1943-5479.0000129
4. Habibi M., Kermanshachi S., Safapour E. Engineering, procure-
CONCLUSION ment, and construction cost and schedule performance leading in-
) ) e dicators: State-of-the-art review. Construction Research Congress
The methodology of generation, analysis and optimization of 2018 ASCE. 2018; 378-388. DOI: 10.1061/9780784481271.037
the work schedule. undgr integrated development of a. residential 5. Irfan M., Khurshid M. B., Anastasopoulos P., Labi S., Moavenza-
area has been devised, its step-by-step execution coming down to deh Fred F. Planning-stage estimation of highway project duration
the following procedures. on the basis of anticipated project cost, project type, and contract
The organizational-technological plan of development is typebg/ternationa/ldournal of Project Management. 2011, 29(1):78-
; : ot : 92. :10.1016/].ijproman.2010.01.001
worked out, including the estimation or calculation of work dura-
tion tablishin thg links bet n them and restrictions on th 6. Bovteeva S.V., Kolosova E.V., Rybnov E.I., Frolov V.I., Tsvetk-
ions, establishi g. e links between the g estric |.o SO ? ov A.V. Management of investment construction projects based on
event occurrence times, these data then being entered into the Mi- PRIMAVERA. S.V. Bovteeva and A.V. Tsvetkov (ed.). Moscow ;
crosoft Project software. St. Petersburg, SPbGASU — PMSOFT Publ., 2008; 456. (rus.).
Given the choice of the workflow method of construction or- 7. Kupershtein V.1. Microsoft Project 2010 in Project Management.
ganization, Microsoft Project searches for an acceptable basic so- St. Petersburg, BHV-Petersburg Publ., 2011; 506. (rus.).
lution relying on description of the organizational and technological 8. Chglnqkova VM. Deter_m/nat/on of rational priority of project con-
. ) . struction in calendar planning of complex development of the territory.
plan via a system of linear equations. Vestnik Grazhdanskikh Ingenerov/Bulletin of Civil Engineers. 2015;
Optimization calculation aimed at minimization of specific invest- 2(49):102-107. URL: https://www.elibrary.ru/item.asp?id=23637272
ment costs is carried out for the obtained solution in Microsoft Project. (rus.).
7 Recommendations on the Planning and Organization of Residential Construction and Civil Engineering in Urban Development Schemes. Moscow, Stroyizdat Publ., 1988; 125. >
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plings method in engineering of construction project. Oficyna
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dopmupoBaHue oNTUMU3UPOBAHHOIO
pacnucaHus cTpouTenbcTBa
NpY KOMMJIEKCHOM OCBOEHUMN TEPPUTOPUN

KomnnekcHoe ocBoeHue cenuTebHoW TeppuTopumn obecrnequ-
BaeT 651aronpusTHOE N KOMOPTHOE NMPOXMBAHWE U UCMONb30-
BaHuWe ropoackoro npoctpaHcTea. OgHUM U3 3EMEHTOB, HE06-
XOOMMbIM ANSl peanuaaumny KOMMIEKCHOW 3acTpOnKu, SBnseTcs
co3faHune 0606LLEHHOro pacnmcaHns paboT. AToW Lenu CnyxuT
npeAcTaBneHHas B ctatbe MeTofmka (opMMpoBaHus, pacyeTta
1 ONTMMM3ALMN pacnmcaHns paboT NPy KOMMIEKCHON 3aCTPOW-
Ke cenutebHom TeppuTopuu. MNoluaroBoe BbINONHEHWE pa3pabo-
TaHHOM METOAUKN CBOAUTCS K BbIMOMHEHWNIO CeayoLLmMX npoLie-
Aayp.

Paspa6atbiBaeTcsi opraHM3aumMoHHO-TEXHOMOrM4yeckas cxema 3a-
CTPOMKMW, BKNOYawoLaa pacyeT (OLEHKY) MPOAOIKUTENIbHOCTH
paboT, yCTaHOBMNEHNE CBA3EN MeXAY HUMU U OrpaHuy4eHuin Ha
CpOKWU CBepLUeHUs cobbITuin. [lanee ¢ y4eToM BBEAEHHbIX AaH-
HbIX 1 BbI6Opa METOAa NOTOYHOM OpraHM3auum paboT, OCyLLEeCcTs-
naembix B nporpamme Microsoft Project, npoBogmTcs nouck go-
NycTUMOro 6a3nCHOro PeLLIEeHUsi, KOTOPOE OCHOBAHO Ha peLLeHnn
CUCTEMBI JINHENHbBIX YPaBHEHWI, OMUCLIBAIOLLMX OPraHn3aLyoH-
HO-TEXHOJIOTMYECKYI0 CXeMy cTpouTenbcTBa. [locne nonyyeHus
JonycTumMoro 6a3ucHoro peLueHus B nporpamme Microsoft Project
NPOBOAUTCH ONTUMU3ALIMOHHBIV PACYeT, HanpPaBieHHbIN HA MVHW-
MU3aumio yaenbHbIX MHBECTULIMOHHBIX 3aTpar. SKoHoMMYeckas
3OPEKTNBHOCTb ONTUMU3NPOBAHHOIO PacnucaHus, OPUEHTNPO-
BaHHOIO Ha KOMMJIEKCHOE OCBOEHWE TEPPUTOPMU, OLIEHMBaETCA
B nporpamme Project Expert. [lanee nposepsieTcs 4ONYCTUMOCTb
peanu3aumm onTUMUM3NPOBAHHOIO pacnucaHns paéoT NoCpPeacT-
BOM BU3yanuaauum 3actporiku B nporpamme BIM-mopenuposa-
HuA Tvna Revit. CpaBHUTENbHO HE6OMbLUOE YMCIIO BapUaHTOB,
OnpeaensioLLmnX BO3MOXHbIE O4EPEAHOCTMN OCBOEHUS OOBLEKTOB,
No3BOMAET HA OCHOBE MOSIHOro nepebopa BapuUaHTOB OLEHUTb
KaXKgbl U3 HUX NO BbIGPAHHBIM KPUTEPUSM SKOHOMUNYECKOW 3)-
(PEKTUBHOCTYM M BbIOPaTb ONTUMAasbHbIA BapUaHT.

KnroyeBble crI0Ba: KaneH4apHoe MniaHNpoBaHue CTPOUTENbCTBA,
OpraHu3aLMoHHO-TEXHOIOTMYECKAsi CXeMa CTPOUTENbCTBA, Bpe-
MeHHbIE OrpaHn4eHnsi KasleHaapHbIX rpagmKoB, JorycTUMoe pac-
ncaHve paboT, ONTUMNU3UPOBaHHOE pacnycaHne paboT, Mporpam-
MblI yrpaBieHusi MPoeKTamm
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BIM technologies to optimize the catch-up
schedule for the implementation

of the construction schedule plan, taking
into account external stochastic impacts

In this paper, the subject of research is information models of construction production schedules implemented under
conditions of intense stochastic influences. The purpose of the study is to optimize the methods for generating
catch-up schedules based on BIM-technologies for monitoring the progress of the project. As a result of the work
carried out, a set of parameters was determined that describes the dynamics of the implementation of calendar
plans and takes into account the relationship between economic and technological processes. Indices are defined
that allow optimizing both operational and strategic management decisions. An algorithm for determining the time
intervals during which a resource maneuver is possible is formulated. Dynamic indices are found that adequately
describe the use of unique and expensive resources for which the possibilities of a priori reservation are limited.
Sources of information are identified that allow the standard business processes to describe both static information
based on the schedule and the dynamic part that reflects the results of monitoring. The dimensions, ranks and
formats of the matrix elements that define the construction information model, and the hierarchical relationships
between them are determined. Both closed expressions of dynamic indices through BIM matrices and recursive
procedures reflecting the mechanism of information accumulation in the monitoring process are obtained.
The algorithms of information accumulation proposed in the work are implemented in the shell of a relational
database management system, and their calculations and graphical interpretation are implemented in a high-level
mathematical package. The action of algorithms and their software implementation is demonstrated on a specific
example of the implementation of the construction production calendar plan.

Keywords: building information model, project life cycle, schedule, stochastic impacts, monitoring, optimization,
vector model, evaluation criteria, non-stock resources
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INTRODUCTION

t the turn of the 20th and 21st centuries, the
A industry of architecture, design and con-

struction and operation (AECO) lagged be-
hind the sectors of the economy leading in terms of
growth and innovation [1]. In recent years, this gap
has increased significantly. [2]. At the same time, the
pace of technological changes in the construction in-
dustry is quite high [3] and cannot be the reason for
such a significant lag. The main reason for the unsat-
isfactory performance of the AECO industry is the in-
adequacy of management methods to the goals of
projects and existing conditions [4]. According to this
book, in the United States at the turn of the century,
30 % of projects were not completed at all, and in an-
other third of cases, projects are completed behind

One of the methods for reducing the influence of
stochastic factors on the results of project imple-
mentation, widely used in AECO practice, is the
critical path method [5]. This method arose as a re-
sult of the synthesis of the principles of Goldratt's
theory of constraints [6] and Deming's statistical ap-
proach [7]. This method is based on the concept of
identifying critical paths (that is, chains of events that
do not have a reserve of time) and their a priori (that
is, not taking into account the probabilistic nature of
the deviation of the schedule from the planned one)
damping. The first models of the critical path, built
on the assumption of complete certainty of the time
and cost of performing work, showed unsatisfactory
results in a large number of practical applications
[8]. As a result, models were formulated using fuzzy

schedule, with budget overruns reaching up to
100 %, and when initial goals are not met. At the
same time, the problem is universal, not related to ei-
ther the type of project or the country of implementa-
tion, and is associated with external stochastic influ-
ences. Completing a project on time and within budg-
et is the main goal of any manager. However, most of
the projects are delayed, and the estimate exceeds
the planned one. An attempt to tighten planning does
not lead to anything: life still presents surprises that
are not in the plan [4].

computing methods [9]. In [10], algorithms for con-
structing fuzzy critical paths were formulated and,
on this basis, an extension of fuzzy arithmetic opera-
tions was obtained to calculate the last start time of
each operation on the critical path [11]. Alternative
approaches for taking into account stochastic ef-
fects are also formulated, using interactive methods
for calculating the critical path [12] and the exten-
sion principle [13]. In these works, the key concept
of criticality is described as a function of the duration
of activity in the network [14, 15]. In [16], an efficient
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method for calculating the fuzzy latest start and end times is formu-
lated. Zelinsky developed a polynomial algorithm to determine the
intervals of the last start time in networks [17]. In [18], Haar ranking
is used to order fuzzy numbers, for which fuzzy parameters are
converted into Haar tuples [19]. However, even the improved critical
path method has a rather narrow range of applicability. In particular,
it does not describe complex networks with subcritical paths [20]
and variable cardinality of non-storable resources [21].

The limited scope of applicability of the concept based on
a priori damping of critical paths has led to the intensification of the
development of algorithms based on quantitative methods for ta-
king into account the contribution of stochastic processes. The sim-
plest and, therefore, the most common method of this class are
PERT (abbreviation for Project Evaluation and Review Technique).
From a practical point of view, the essence of this method is to cal-
culate the performance ranges of non-stock resources, and, conse-
quently, the time of operations using the tools of probability theory.
The great possibilities and flexibility of the PERT method have led
to its widespread use. So, for example, in the United States, govern-
ment agencies accept for consideration only those proposals from
firms for which a project network based on this method is present-
ed [22]. According to [22], as early as 1995 in the USA, even small
enterprises used the PERT method, and all large US corporations
have special services involved in the organization of work based on
the application of the PERT method. In the PERT method, the dura-
tion of an individual process is considered to be a random variable
described by a family of two-parameter § distributions of the value
X specified on the interval [0.1] of the form [23]:

Fog0) = 311 =[xt -0, (™)

Depending on the value of the parameters a, B, distribution (1)
can describe a very wide class of phenomena. As a result, the de-
termination of parameters a, f adequate to a real system is a com-
plex task that does not have an unambiguous solution. Therefore, in
practice, a simplified numerical experiment algorithm (Monte Carlo
method) is more often used with a uniform distribution of a random
variable. In any approach, stochastic modeling is based on an ex-
pert assessment of the upper t,,,, and lower t_;, limits of the dura-
tion of individual processes of critical and subcritical chains, which
introduces additional uncertainty into the algorithm.

For large-scale projects, different methods of ranking a large
number of fuzzy paths give different results. At the same time, the
choice of the ranking method is decisive for the choice of the path.
The criteria that ranking methods must meet are formulated in the
classical works of Yuan Y. [24], Wang et al [25], and Chien et
al. [26]. However, their practical application to real projects requires
the collection of extensive, usually inaccessible, information. To
overcome this difficulty, the Haar wavelet analysis method was pro-
posed, which allows one to expand the objective function in an or-
thonormal basis [18]. However, the field of practical applicability for
the industry of AECO and this optimized fuzzy path ranking algo-
rithm is limited by the complexity of the project and the detail of
planning.

The exponential increase in the error in predicting the dynamics
of a system experiencing stochastic influences is not specific to the
AECO industry. This effect is a particular case of general regulari-
ties inherent in complex systems of any nature [27]. Methods to
overcome this difficulty is to increase the volume and dispersion of
information [28]. This method works effectively for one-parameter
systems [29], but is not applicable to the description of multi-pa-
rameter socio-economic phenomena [30]. To optimize the

management of such systems and, in particular, the progress of
construction projects, it is necessary to determine a parameter that
takes into account the relationship between economic and techno-
logical processes. This problem was successfully solved in [31]. An
effective method for reducing the error in predicting the behavior of
a complex system experiencing stochastic influences was pro-
posed in [32]. This method is based on dynamic monitoring of the
current state of the progress of the schedule, adjusting the forecast
for the completion of construction and developing, on this basis,
optimal technological and managerial methods to reduce the nega-
tive impact of stochastic impacts.

MATERIALS AND METHODS

The special significance of this approach for the AECO industry
is determined by its specificity, which does not allow direct transfer
of successful practices from other areas of the economy. In [32], it
is shown that the dynamic index of the use of personnel and equip-
ment Dipe in combination with the dynamic index of the production
of personnel and equipment Dppe make it possible to optimize
both the current construction progress and its medium term.

The need for dynamic optimization of the profile of non-stock
resources (hereinafter — NR) is determined by the immobility of
construction objects and the mobility of personnel and equipment,
which greatly complicates the resource maneuver. The life cycle of
a construction project takes a long period of time and is character-
ized by high resource intensity. Since the stored resources are ex-
cluded from circulation for a long time, it is necessary to use spe-
cific approaches in their distribution in space and time. In addition,
the construction industry is more strongly influenced by the external
environment than other industries [33]. The types of internal and
external risks that affect the effective functioning of construction
enterprises, and methods for analyzing and assessing risks are de-
scribed and classified in [34]. Often these methods involve the use
of modern information technologies such as information modeling
(BIM) technologies. At the same time, some of these impacts are
deterministic in nature (for example, seasonal and daily changes in
temperature, humidity, illumination, which determine the character-
istics of technological processes) and can be taken into account at
the scheduling stage. At this stage, when assessing the integral
organizational and technological potential of a construction project,
it is necessary to take into account information flows [34], the defini-
tion and main characteristics of which are formulated in [35]. An-
other part of the environmental impacts is stochastic in nature and
generates risks of deviations from the work schedule. These im-
pacts include weather and, more recently, epidemiological fac-
tors [33, 34].

The use of BIM technologies can significantly expand the
scope of practical application of methods for optimizing the catch-
up schedule for the implementation of the construction schedule
[32, 34]. In [32], closed expressions were obtained for the dynamic
index of personnel and equipment use (hereinafter — Dipe from the
English dynamic index of personnel and equipment use) and the
dynamic index of personnel and equipment output (hereinafter —
Dppe from dynamic productivity index of personnel and equip-
ment). However, in practice, with an increase in the complexity and
duration of the project, recurrent algorithms for optimizing the
catch-up schedule using vector algebra methods turn out to be
more convenient. The formation of such algorithms and their appli-
cation to real projects is the goal of this work.
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The information required to calculate the dependence of the
Dipe index on time is completely determined by matrices with di-
mensions N x M, where N — the number of types of HP and M —
the number of planning intervals (weeks depending on the degree
of detail of the schedule of hours, shifts, days, etc.). Further, in all
matrices and vectors, the index i = 1, 2, ..., N will number the re-
sources, and the index j = 1, 2, ..., M will number the planning and
monitoring intervals. Since the stability of the system to external
stochastic influences is determined by the degree of resource res-
ervation, it is necessary to set matrices that describe the character-
istics of the contractor (nf%— the total number of available HPs) and
the profile of resource use during the implementation of the sched-
ule (n;; — the planned number of resources used). A matrix D,
whose components are defined by the equality:

pi

D= n,v//n}j‘, )

dynamically describes the degree of scarcity of the i-th resource. In
particular, when the exact upper limit D;;= 1 is reached, the corre-
sponding HP is fully used, as a result of which a resource maneuver
in the j-th time interval is impossible. In contrast, small values of the
components D;; from a practical point of view mean irrational use of
the resource and are admissible only locally. The integral degree of
scarcity of the i-th resource is determined by averaging over the
scheduling period;

1 M /
Dt = — 5y, [ntat. (3)
M =

Analysis of the parameter value D/t allows to determine the
possibility of resource maneuver and should be performed already
at the scheduling stage. The periods of time when such a maneuver
is possible are determined by analyzing the dynamics of the deficit
index D, ;. Graphically, such an analysis of individual resources, the

List of specialists required for the implementation of the project

list of which is given in the table, is shown in Fig. 1. A global analy-
sis of all HP of the project requires displaying the dynamics of the
scarcity index in 3D format. An example of such a mapping for a set
of specialists given in Table is shown in Fig. 2.

In Fig. 1, the dashed line corresponds to an almost completely
used resource ¢ D' = 0.86, for which a limited resource maneuver
is possible only at the last stages of the implementation of the ca-
lendar plan. Such a full load leads to significant risks of untimely
completion of construction and is permissible only for resources
that are not on critical and subcritical paths. The second resource
(dashed line) is used by less than 50 % of its productivity —
D¥t = 0.44. The best balanced profile of the use of the third re-
source (solid line) with integral scarcity D" = 0.73 and two periods
during which the resource maneuver is possible (on the intervals
and (1.5) and (11.21)).

Resources (Table) are ordered by the degree of scarcity at the
time of construction. The step of the lines of equal value of the index
D (curves on the surface of the scarcity index) is 0.05. The areas
of weak use of part of the resources at the beginning of the imple-
mentation of the calendar plan and the area of the possibility of re-
source maneuver for most resources in the period (12, 17) are
clearly visible.

The quantities of actually used resources nj; and the resource
operation time within the planning interval 77 are determined in the
course of monitoring the implementation of the schedule. Stochas-
tic impacts can lead to a decrease in the amount of actually used
resources compared to the planned ones. The resource operation
time within the planning interval T/ may also decrease compared to
the planned T/. This situation can arise both as a result of stochas-
tic impacts on the resource under study, and as a result of a back-
log in the scope of work caused by the impact on adjacent HPs.

Available limit
No. Personnel
min max
1 Painter No. 1 3 7
2 Painter No. 2 3 9
3 Painter No. 3 1 5
4 Concrete worker No. 1 5 9
5 Concrete worker No. 2 3 7
6 Concrete worker No. 3 3 9
7 Tiler No. 1 3 5
8 Tiler No. 2 1 7
9 Tiler No. 3 5 7
10 Installer No. 1 7 7
11 Installer No. 2 5 7
12 Installer No. 3 3 3
13 Concrete worker No. 1 9 9
14 Concrete worker No. 2 0 5
15 Concrete worker No. 3 1 5
16 Coater with synthetic materials No. 1 1 5
17 Coater with synthetic materials No. 2 3 3
18 Coater with synthetic materials No. 3 3 3
19 Waterproofer No. 1 3 3
20 Waterproofer No. 2 3 7
21 Waterproofer No. 3 5 5
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Fig. 1. Relationship between the scarcity index for three non-
stock resources and time

The total efficiency E/ of using the i-th resource for the period
from the start of the planned use of the resource (j 2 m,,) to the
time of current monitoring ¢, is determined by the following formula:

J J
E= 2 nplw| 2 nalhn @
me\n m=m

In the software implementation of the estimation algorithm, it is
easier to use not closed expressions (4), but recurrent expressions
that explicitly take into account the mechanism of information ac-
cumulation. In this case, the efficiency calculation algorithm E! =
=E/, / Eyy is expressed in terms of planned values and monitoring
results as follows:

| = i1
E/,n_ Ei,n + ni,;‘n T/‘,m

()

j o= P’
Ely=EY +n, TH,

atinitial values E, = 0; E;% = 0. The target indicator of efficiency E/
at all stages of the implementation of the calendar plan is a single
value. Stochastic impacts (for example, temporary incapacity for
work of personnel, violation of contractual obligations by subcon-
tractors or breakdown of equipment) can lead to a decrease in the
index E! compared to the target level. Adjustment of the resource
utilization profile can only be carried out within the windows of op-
portunity envisaged at the planning stage and graphically dis-
played in Fig. 1 or Fig. 2.

Thus, the coordinated use of the methods of planning, monito-
ring and adjusting the pace of the implementation of the calendar
plan, proposed in this paper, makes it possible to reduce the nega-
tive impact of stochastic factors on the progress of construction.
However, limited resources pose the challenge of setting priorities,
both at the planning stage and at the stages of implementation of
the plan. This problem can be solved by ranking HP according to
the degree of their scarcity D/. Since the degree of scarcity takes
a maximum value equal to one for those resources for which the
planned usage profiles do not allow reservation. This situation is
typical for unique or expensive equipment and personnel. The im-
possibility of reserving the corresponding HPs leads to the need to
pay maximum attention to their monitoring and dynamic optimization

of the usage profile. This problem can be solved by the dynamic
index of personnel and equipment use (dynamic index of personnel
and equipment use — Dipe), defined by the expression:

N N
Dipe(t) = [Z E/D; J 2D ©
i=1 i=1

The index (6) will make it possible to carry out an integral as-
sessment of the progress of the project implementation for all re-
sources at the moment of time ¢. Multipliers D;; make it possible to
allocate the contribution of scarce resources.

Optimization of high-value projects that use unique equipment
requires a more detailed description of the dynamics of HP use.
This problem can be solved using the index of the use of unique
resources (URI;)), which is expressed in terms of scarcity and effi-
ciency indices as follows:

J
uTl,, =m§mE,mD,m JG+1 =m0, %

min

Here, the indices j and i number the times at which the evalua-
tion is performed and the resource, respectively.

The calculation of the URI;; index by formula (7) requires the
use of a complete array of information for the time from the begin-
ning of the use of the resource to the moment of evaluation. When
calculating the URI;; index, as well as when determining the field
efficiency index E/, the mechanism of dynamic accumulation of in-
formation was used as the monitoring time increased. In this ap-
proach, the calculation is carried out on the basis of only informa-
tion describing one period of time. This mechanism can be
described by the following recurrence relation, which allows ex-
pressing the URJ,; index for the i-th resource at the j-th time points
through its values at the monitoring moment in the form

(/= M) UTIq; + Ei/Di,j
uTl, = (®)

j+ 1 = Mnin

Fig. 2. Relationship between the scarcity index (applicate axis)
for 21 HP (abscissa axis) and the planning period number (ordinate
axis)
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P> when the initial condition UTtl, . 4,=01is met. The two-dimensional

nature of the index URI; ; leads to the need for a graphical display in
the 3d format. An example of such a display is shown in Fig. 3.
Fig. 3 shows the following time intervals:
e a significant delay from the schedule (in the range from 10 %
to 25 %) at the beginning of construction;
e interval of efficient use of resources (5-15 planning intervals);
e interval of stochastic impact (17-21 planning intervals), which
caused inefficient use of a number of resources;
e interval for eliminating the negative consequences of sto-
chastic impacts (19-25 planning intervals).

RESULTS

Stochastic influences change not only the time of resource use,
but also its performance. So, for example, the implementation of
a catch-up schedule requires an increase in the intensity of the use
of personnel and equipment in comparison with the normative one.
Such forced use of HP can lead both to temporary disability of per-
sonnel or equipment breakdown, and to a decrease in productivity.
Similarly, changes in energy supply modes and quality characteris-
tics of resources supplied by project participants can also affect
the implementation of the calendar plan. In addition to stochastic,
dynamic influences also influence HP performance. Examples of
such impacts are training and additional stimulation of personnel,
modification of equipment during the construction process. The
method of accounting for changes in productivity during the imple-
mentation of the project is proposed in the article [36]. One of the
goals of this work is to optimize the BIM project by formulating algo-
rithms for recurrent description of the impact of performance
changes on the progress of the implementation of the schedule.

To describe the change in the productivity of HP, caused by
both stochastic and non-stochastic influences, allows the index of
personnel and equipment productivity — (index of personnel and
equipment productivity — lep), defined by the following formula:

0.95
0.9
0.85
0.8

0.75
20

Fig. 3. Index dependency Unique resource utilization index
(applicate axis) for 21 resources (abscissa axis) for 25 planning
periods (y-axis)

J J
Pl= 2 mppilt)| 3 mppit). ©)
m=m_, m=m
Here p;(t») and p/(t,) are the planned and actual productivity of
personnel and equipment during the monitoring interval ¢,. Recur-
rent expressions

Pl =P 4 1y (t)

10
PIP =PF" 4 1P 1) 1o

with zero initial values of planned and real total productivity (P =
=P/ = 0) allow expressing the index lep as a fraction P/ = P/"/P/“’.
Taking into account the degree of scarcity of resources allows us to
determine the integral dynamic index of personnel and equipment pro-
ductivity — (integral dynamic index of personnel and equipment pro-
ductivity — Idipe) in the form

N N
Idipe(t) = [Z P/D;; j 2D (11
j=1 i=1

The main advantage of the lep and Idipe staff and equipment
output indices over the staff and equipment utilization indices is the
inclusion of the influence of a larger number of factors, which im-
proves the quality of the forecast of the progress of the calendar
plan. However, operational management decisions based on ad-
justing the resource utilization profile do not address the factors that
change the HP performance. An exception may be operational
measures to stimulate the staff. Therefore, the main area of applica-
tion of performance indexes, in contrast to usage indexes, is long-
term planning. Thus, the classes of indices proposed in this paper
complement each other and, together, allow you to optimize the
progress of the project throughout a significant part of its life cycle.

A two-dimensional matrix P/ carries information describing the
performance dynamics of individual resources. In contrast, a one-
dimensional vector /dipe(t) contains only information averaged over
all resources. As a result, the analysis of the dynamics of the index
P! based on 3d models requires the involvement of highly qualified
specialists and should be used when optimizing expensive projects
that use unique equipment and personnel. Analysis of averaged
information, which allows optimizing the implementation of the
standard project schedule, can be performed by line personnel of
contractors in real time.

Methods for monitoring risks during the implementation of the
calendar plan based on information technologies attract consider-
able interest from foreign [37] and domestic [36] researchers. To
a large extent, these methods are based on high-dimensional infor-
mation models [38] of the life cycle of a construction project [39]. At
the same time, the high dimensionality of the model hinders its ef-
fective local operation [40] and, to an even greater extent, the trans-
fer between project participants [41]. The paper [36] proposes
a BIM dimension reduction method that allows one to significantly
expand the area of practical application of full life cycle information
models. The development of this method based on the indices of
use and production of resources and its application to the tasks of
monitoring the progress of the implementation of the calendar plan
and optimizing the methods of operational and medium-term is one
of the goals of this work.

The algorithm for reducing the dimension of the information
model formulated in [36] allows expanding the area of practical ap-
plication of BIM. The implementation of this algorithm is reduced to
the formation of basic structures and the formulation of methods for
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the hierarchical construction of structures of higher ranks. In the approach is very limited. Therefore, in this paper, we used an ap-
information monitoring model being formed (hereinafter referred to proach based on the use of the high-level mathematical package
as BIMM), all structures (both basic and derived) are matrices, the MAPL [43] for performing calculations and graphical processing of
rank of which is determined by the number of HPs and the number the results, and data exchange between the used shells. This ap-
of planning intervals. The formats of the elements are determined proach allows not only to solve all the current problems of this
by their practical content. study, but also to avoid program limitations when solving long-term

The basic static structures of the information model are two ma- problems of predicting the progress of the project throughout the
trices — “Resources” and “Periods”, containing two columns. The life cycle.
first column in both tables “Number” is in integer format; the second As an example, here are fragments of the program code for
column “Name” is in text format. The number of rows of the “Re- calculating the efficiency index E/ in accordance with the recur-
sources” matrix is determined by the number of types of used HPs rence relations (5)
(parameter N in formula (.6))’ and the “Eeriods” m?trix is dgtermined fori to N do
by the number of planning and monitoring periods (shifts, days, ns. =0-
weeks, decades, months, etc. — parameter M in formula (3)). The 0 ’
data of the “Name” columns of both matrices is not processed in E/.o =0
the algorithm and serves only as the basis for the interface of BIMM forjto M do
interaction with users. ns =ns.. . +nr
Structures of the second level are two-dimensional matrices of b b= h
M columns and N rows and contain both static, plan components E =F + nr T//
(matrices N, N, TF, pi(t.), and components dynamically updated b Mot TP
as a result of monitoring (matrices N/, Tim, p/(t,). All components end do:
of second-level structures have integer and real formats. The values
of indexes i, j, m are determined by the fields “Number” of the ma- for; to M do
trices of the first level. Sources of static information are calendar . E/,/
) ifO<ns thenE, = elseE. =0
plans, data on personnel and material support of the contractor, i Moons, i
Uniform Rates And Prices (URAPS). Dynamic information is con- end if
tained in timesheets, accounting documents, data on operational end do
accounting of the progress of the implementation of the calendar
plan. end do
After the formation of matrices 1;;, N/, containing static informa- and coefficient Dipe
tion, prior to construction, according to formulas (2) and (3), the lo- fori to M do
cal and integral degrees of scarcity are calculated. Further, ana- Dipe =0
lytically or graphically (similarly to Fig. 2 and Fig. 3), an analysis of T
the possibilities of resource maneuvers is performed and time inter- > forjtoN do
vals for adjusting the profile of the use of HP in response to possible E np .
negative impacts of stochastic factors are determined. if .110° <nt then Dipe :=Dipe +%
Further operation of BIMM takes place at the construction stage end if Y
in the mode of monitoring the progress of the implementation of the
calendar plan. Information accumulated as a result of dynamic end do;
monitoring is displayed in matrices N;m, T;m, p/(t,). According to DD =0
formulas (4), (5), (9), (10), local indices are calculated, and accord- !
ing to formulas (6) and (11), global indices of the use and output of forjto N do
personnel and equipment. The same operations are performed with . y np.
the indices of the use of unique resources (formulas (7), (8)). Based if .110° <m/lf then DD, :=DD; + ntj/
on the analysis of utilization indices and time intervals in which a end if '
resource maneuver is possible, operational management decisions end do
are determined aimed at reducing the influence of stochastic fac-
tors on the progress of the project. On the other hand, the analysis end do
of production indices allows us to formulate strategic decisions that Dipe :=0;
allow us to preventively mitigate the impact of negative impacts. > forjtoNdo
At the initial stages of BIMM functioning, information is accumu- E np .
lated, stored, updated and verified. The functionality of Microsoft if .110° <nt, , then Dipe :=Dipe +%
Access makes it very efficient to programmatically implement these . L
procedures. Also effectively this DBMS allows you to transfer infor- end if
mation between project participants. However, the set of built-in enddo;
functions and procedures is not efficient enough when performing do enddo
matrix operations and graphical presentation of the results. Various
methods are useq to solve this rangel of problems. So, for example, DISCUSSION
the implementation of matrix operations can be performed in the
built-in application VBA (Visual Basic for Applications) [42]. Ho- Such a BIMM information structure makes it possible to com-
wever, the set of technologies for processing graphic objects in this pletely solve the problem of interaction between heterogeneous P
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P> project participants (designers, builders, operating organizations,

supervisory authorities, etc.) at various stages of the life cycle. In
the proposed approach, the coordination of the content and format
of data is reduced to a standard procedure for the coordination of
accounting and management documents. Since a significant part
of the factors hindering the implementation of BIM is related to the
procedures for the interaction of participants [44], the proposed
model for coordinating the content and formats of information at all
stages of the life cycle greatly expands the area of practical appli-
cation of information models. All the information necessary for the
creation and operation of BIM is contained in the documents of the
project participants and the functioning of the model does not lead
to additional costs for collecting and processing data. This ap-
proach increases the efficiency of the information model in terms of
cost/benefit ratio and increases its performance.

Coordination of formats of heterogeneous documents can be
effectively performed in the shells of Database Management Sys-
tems (DBMS, in English literature — DBMS is the abbreviation of
Database Management System). When describing dynamic struc-
tures, relational databases are the most effective [45]. Most of the
workflow takes place in Microsoft Office applications (Microsoft
Word, Microsoft Excel, Microsoft Outlook, Microsoft Power Point,
etc.), which defines Microsoft Access as the optimal choice of
DBMS. This choice provides a common application interface that is
familiar to most users and compatible data formats. A wide class of
users (primarily educational and scientific institutions) use free li-
censed versions of these software products, and all users have
access to a license-free version of Microsoft Access with limited
functionality. The functionality of this version is sufficient for the op-
erating organizations of BIMM implemented in this shell. All this
helps to avoid legal and organizational problems when implement-
ing the interaction of project participants, in particular, in the Micro-
soft Groove collaboration application.

CONCLUSIONS

In the course of the development of the methods proposed in
this paper, it is possible to solve the problems of interfacing infor-
mation models of various stages of the full life cycle of the project.
The main factors that make it possible to effectively solve this
problem are the determination of the necessary and sufficient vol-
ume and content of information that allows you to fully describe
the dynamics of the state of the project and predict the course of
its implementation under conditions of intense stochastic influ-
ences.
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BIM-TexHonorum ontuMmmn3auum
AOoroHsiroLlero rpacpuka peanmsauum
KaneHpgapHoOro rsiaHa CTpouTtenbcTBa
C Y4YETOM BHELUHMX CTOXaCTUYECKUX
BO3EeNCTBUN

B paHHOM paboTe npegMeTom MCCrefoBaHusa ABNSOTCA UHAOP-
MaLuMOHHblE MOAeNV KaneHAapHbIX NNaHoB CTPOMNPOM3BOACTBA,
peanu3yembiX B YCMOBUAX WHTEHCUBHbLIX CTOXaCTU4ECKUX BO3-
pdevictBuii. Llenb nccnepoBaHusi COCTOUT B OMTUMM3aLMM METO-
00B (hopMMpOBaHMA OOroHALWMX rpadmkos Ha ocHose BIM-Tex-
HOMOrMIA MOHUTOPWHIa X0Aa peanusaumn npoekTa. B peaynsrarte
npoBefeHHoOM paboTbl onpefeneH Habop mapameTpoB, OMUCHI-
BalOLUMX AMHAMUKY peanu3auvn KaneHAapHbIX MNaHoB U yyu-
ThbIBAIOLLMX CBA3N IKOHOMMUYECKMX U TEXHOMOMMHYECKUX MpoLec-
coB. OnpepeneHbl MHAEKChI, MO3BOMAOLLME ONTUMUN3NPOBATL Kak
onepaTtuBHbIe, Tak N CTpaTernyeckne ynpasreHYeckne peLLleHus.
CchopmynvpoBaH anroput™ onpepeneHns NHTepPBasnos BPEMEeHM,
B TEYEHME KOTOPbIX BO3MOXEH PECYPCHBIV MaHEBP. HanaeHb! aun-
Hamun4yeckne WMHOEKCbl, afeKBaTHO OMUCbIBAOLLME NMPUMEHEHWE
YHUKaIbHbIX 1 [OPOrOCTOALLMX PECYPCOB, ANsi KOTOPbIX BO3MOX-
HOCTM anpuopHOro pe3epBrpoBaHnsa orpaHunyeHsl. OnpeneneHs!
UCTOYHUKW MHGOPMALIMK, NO3BOSIAIOLLME B PAMKax CTaHAAPTHbIX
6U3HEeC-NPOLIECCOB OMNUCaTb Kak CTATUHECKYo WHopmaumio,
OCHOBaHHYI0 Ha KaneHJapHOM nfaHe, Tak U AUHAMWYECKYHO
YacTb, OTpaXatoLLylo pe3ynbTatbl MOHUTOpUHra. OnpepeneHsbl
pas3MepHOCTU, paHr 1 hopmaThbl AIEMEHTOB MaTpuL, onpeaens-
IOLLIMX MHZPOPMALIMOHHYIO MOAENb CTPOUTENBLCTBA, U Mepapxmye-
CKue CBA3M MexXay HUMK. [onyyeHbl Kak 3aMKHYTble BblpaXXeHus
AVHaMu4ecknx MHOEKCoB Yepe3 Matpuubl BIM, Tak n pekypcus-
Hble MmpoLeaypbl, oTpaxaroLme MexaHU3M HakorieHus UHGop-
Mauuun B npouecce MoHuTopuHra. lNMpeanoxeHHble B paboTe an-
rOPUTMbI HaKOMMNEHUs MHOPMaLUN peannu3oBaHbl B 060I04Ke
pPensauMOHHON CUCTEMBI YNpaBneHns 6a3amMm aHHbIX, a pac4eToB
UX 1 rpacu4ecKon nHTepnpeTaumm — B MatemMaTn4eckom nake-
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Te BbICOKOro YpoBHsi. [e/icTBMe anropuTMoB 1 MX NPOrpaMMHOM
peanusaummn NPOAEMOHCTPUMPOBAHO Ha KOHKPETHOM NpUMepe pe-
anusaumm KaieHaapHoro nnaHa CTpoMNpPOM3BOACTEA.

KnroveBbie cnoBa: vH@opMayMoHHasi MOZe b CTPOUTESLCTBA,
JKU3HEHHbIV LMKIT MPOeKTa, KaneHAapHbIv MaaH, croxactmde-
CKWe BO3eVicTBUSI, MOHUTOPUHI, ONTUMU3aLMsl, BEKTOPHAasi MO-
Aesb, KpUTEPUN OLEHKU, HECKNIaAupyeMbie PecypcChbi.

BnarogapHoctn. Pabora nopgepxaHa npoektom Ne 3.1.7.1
lMnaHa yHpameHTaslbHbIX UccrenoBaHui Poccurickor apxu-
TEKTYPHO-CTpouTesibHovi akagemun Ha 2021-2023 rr. n MuHun-
cTepcTBa CTPOUTENILCTBA M KOMMYHalIbHOIro xo3siwvictea Poccuii-
ckovi @epepauunn. Viccregosanusi, pe3ysibtar KOTOPbIX N3/T0XKEH
B JaHHovi pabote, NpoBOAUINCE C UCIMO/Ib30BaHNEM 060pYLO-
Banusa UKI nmenn npogp. 1O.M. bopucosa BI'TY, npu nognep-
XXKe MuHucTepcTBa Hayku 1 BbicLLero obpasoBaHusi P®, npoexkT
Ne 075-15-2021-662.
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An attempt to develop low effluent and low waste
technologies for industrial production facilities

The article addresses the development of low effluent and low waste technologies for the production of protective
coatings and printed circuit boards at the Brest electromechanical plant (BEMP). The authors show low cost meth-
ods of multifold reduction in the consumption of “fresh” water for production purposes, and, accordingly, the amount
of wastewater discharged into treatment facilities, as well as ways to substantially reduce the amount of wastewa-
ter generated in the process tanks at galvanic and painting facilities. Methods for extracting heavy metals from elec-
trolyte collection and product rinse tanks using internal and external electrolysis and submersible electrochemical
modules (SEM) are described. Ways of reducing the amounts of used process solutions (UPS) and wastewater dis-
charged into treatment facilities are presented. The results of studies on compositions of used process solutions are
described; they are used to classify UPS by their properties. This classification allows for the use of UPS instead of
or in conjunction with the purchased reagents. The practice has shown a substantial reduction in the amount of pur-
chased reagents needed for the operation of wastewater treatment plants at BEMP facilities engaged in the produc-
tion of protective coatings and printed circuit boards. The rational formation of wastewater streams in the point of
their generation ensures effective wastewater treatment using both traditional methods and “associated” technolo-
gies developed by the authors. The introduction of “associated” technologies allows for a manifold reduction in the
secondary pollution of wastewater and, accordingly, a reduction in the amount of sludge generated in the process.
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INTRODUCTION

IS has a large number of instrument and ma-

chine building enterprises. These enterprises

are the main sources of environmental pollu-
tion with heavy metals [1-3]. According to the scale
of stress factors, which takes into account complex
negative impacts on the human body, heavy metals
(135 points) leave radioactive waste (40 points) far
behind [4].

In the CIS, instrument and machine building en-
terprises have been operating in tough economic
environments, so it is a challenging task for them to
find the funds that would allow building efficient and
low cost treatment facilities for effluents containing
heavy metals in the shortest possible time. It is pos-
sible to build such treatment facilities, only if the
main production facility significantly reduces the
amount of discharged effluents and pollutants.

However, putting things in order at effluent pro-
ducing industries aimed at reducing water con-
sumption and removal of toxic compounds can
solve this problem to a large extent. Such approac-
hes, implemented at minimal cost, are equivalent to
expensive reconstruction and even construction of
new treatment facilities. One ruble invested in the
improvement of the main effluent generating produc-
tion facility is equivalent to 10 rubles invested in
treatment facilities. The experience of developed
economies is a convincing proof [1].

Therefore, the purpose of this article is to search
for and implement effective low cost technologies
that can significantly reduce the amount of effluents
produced by facilities engaged in production of pro-
tective coatings (PPC) and printed circuit boards
(PPCB).

1 GOST 9.314-90. Water for galvanic production and washing schemes.

METHODS FOR REDUCING

THE CONSUMPTION OF FRESH PROCESS
WATER AND THE AMOUNT OF DISCHARGED
EFFLUENTS

To create rational rinsing systems, it is first nec-
essary to follows the effective regulations'. However,
these are the regulations that, as a rule, are not fol-
lowed by the main production process.

Process engineers, responsible for the main
production facility, explain the non-compliance with
these regulations by limited areas, additional costs
of creating recirculation cycles inside production
lines, etc. In their opinion, the implementation of
these engineering solutions does not affect the qual-
ity of coatings, but creates problems and leads to an
increase in the cost of their products.

Moreover, when the operation department of
a treatment facility insists on reducing the amount of
effluents and removing chemicals, process engi-
neers object that this move will reduce the quality of
coatings. Although, it is the non-compliance with the
standards by the specialists that leads to defects in
the process of the coating application.

This widely spread practice of saving several
square meters of space and refusing to install addi-
tional process tanks results in the construction of
huge treatment facilities. After all, the cost of design-
ing and implementing a treatment facility depends
on the effluent discharge. The higher the effluent
discharge, the more expensive the treatment facility.

Process engineers will be concerned with sa-
ving water, only if the costs of effluent treatment are
attributed to the cost of their products, rather than
the costs of energy consumed by the enterprise.
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Fig. 1. Cascade flushing used to reduce the need for water per m? of coating

To minimize the effluent treatment cost, it is necessary to:

e conduct a detailed survey of the areas where the runoff pro-
ducing equipment is located. The process streamlining and
equipment improvement can significantly reduce process
water at little cost;

e introduce rational methods of rinsing workpieces, which allow
to significantly reduce both the amount of water consumed
and its pollution with toxic substances [1, 2, 5].

® ensure the rational production of effluent flows at the points of
their generation that allows using waste process solutions as
reagents for the effluent treatment, as well as neutralization of
these flows by low-cost “related” technologies [1-3].

e while improving the quality of rinsing operations, substantially
reduce the removal of toxic and, at the same time, expensive
chemicals' [4, 5] to study the composition of waste process
solutions that are not regeneratable by the main production
facility due to their properties to use them instead of or to-
gether with purchased reagents for effluent treatment. This
will greatly reduce the need for commercial reagents and, ac-
cordingly, reduce the secondary pollution of effluents with

these reagents, as well as reduce the amount of sludge to be
generated [1-3].

And here rational rinsing methods become of paramount impor-
tance for the reduction of the intake of fresh water for process
needs and, accordingly, the discharge of polluted effluents [13, 16].

A flushing system is considered rational, if it ensures the re-
quired flushing quality at lowest capital and operating costs, under
safe working conditions and without environmental damage.

The more flushing tanks (stages) are used, the smaller the con-
sumption of water and the discharge of toxic ingredients into efflu-
ents"2 (Fig. 1, 2) [1, 3, 5]. The use of multi-staged flushing technolo-
gies makes it possible to significantly reduce water consumption
without compromising the quality of coatings.

In case of single-stage flushing of products, approximately
1,000 I/m? are consumed to flush 1m? of coating, and in case of two-
stage flushing, 25-30 I/m? are consumed, while three-stage flush-
ing consumes mere 8-10 I/m?. This is confirmed by the formulas
used to calculate the flow rates applied to flushing technologies?.
When four-stage flushing replaces three-stage flushing, water con-
sumption goes down by 30-50 %. So, an increase in the number of

2 Gosstroy of the USSR, SANTEHNIIPROEKT SDI. Recommendations for the design of water supply and sewerage of plating shops. 63-79. Moscow, 1992. (rus.).

Q, Im’
V=1 S
V=1/35
1,00 @ V=1/100
25—30 l__l
810 f o >
0 1 2 3 n cascades

Fig. 2. Reduction in the capacity of tanks at treatment facilities
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P> flushing stages does not result in a significant reduction in water

consumption [1-3, 10, 11, 14-17].

However, Vinogradov S.S. claims that an increase in the number
of tanks periodically operating in a non-flowing flushing mode, can
lead to a significant reduction in the amount of water needed for
flushing and increase the duration of the non-flowing period (i.e. the
number of treated surfaces, m?) and, if we consider 8 periodically
non-flowing flushing tanks, the duration of the non-flowing period
reaches several years for most known cycles and the amount of con-
taminated flushing water is only a few cubic meters [10, 11, 17].

Hence, a small amount of water located in the tanks periodi-
cally operating in a non-flowing flushing mode is used for several
years [18, 19].

In addition to the selection of appropriate flushing tanks, a num-
ber of measures can be proposed to save water; their implementa-
tion does not require any large supplementary costs, but they can
significantly streamline the operation of flushing systems. Such
measures include the proper organization of cascade flushings,
process tanks, the installation of local water supply systems, the
use of cooling water, and the intensification of flushing, which will
be discussed further in the article [1, 2, 5]. Moreover, it is impossi-
ble to reduce water consumption with improperly organized multi-
stage flushing, if it is technologically incorrect (Fig. 4). This can be
easily corrected, as shown in Fig. 5, 6.

Additionally, to ensure stable conditions for the flushing of com-
ponents in case of low water consumption, it is necessary to:

e organize the control and regulation of water consumption for

the production of galvanic coatings separately from other pro-
duction processes?;

ltem movement direction 0 Water
[o
1st flushing Jig/ \ I/
Clean
water
— 2nd flushing

Drain Sludge Non-clean area

Fig. 5. Typical mistakes made during the organization of two-
stage countercurrent flushings:

1 — water supply without a bottom water distributor;

2 — absence of bubbling and semi-submersible boards;

3 — incorrect organization of cascade flushings;

4 — skewed spillway; 5 — lack of salt gauges

Salt

g |—®
Water
gauge

Compresed air

To the sewage network

Fig. 6. Rational tank for two-stage countercurrent flushing

¢ install water flow limiters for water supplied to individual tanks.
Taps with removed control handles, etc. can be used as water
flow limiters. A control valve (with the flywheel removed) and
a shut-off valve are installed at the supply pipeline to ensure
stable water supply. To ensure the continuous water flow, it is
necessary to have pressure regulators installed;

e install semi-submersible partitions in all flushing tanks to dis-
tribute water throughout the entire volume of the bath. Rubber
tourniquets or hinged clamps are needed to fix the partitions,
Fig. 5[1, 2]. The installation of distributive water supply systems
in flushing tanks is more expensive and time-consuming;

e hydraulically align the existing overflow edges of water gut-
ters or install new ones if they are missing.

e ensure the supply of compressed air or devices for the vibra-
tion of jigs in all flushing tanks.

METHODS TO REDUCE THE REMOVAL OF THE
SOLUTION FROM THE MAIN ELECTROPLATING TANKS

To calculate the specific discharge of water needed for flus-
hing, one should take the optimal value of the specific removal of
the solution g, with account taken of the solution removal by prod-
ucts and fixtures, as well as the standard time needed for the solu-
tion to drain from the products. The specific removal of the electro-
lyte solution decreases as the time needed for the solution to drain
from the products increases (Fig. 4), if special devices for solution
blowing or shaking off products are used.

The duration of the running-off process can be increased using
the following methods:

5
Water suppIyL l/-_l_/ ; Jig

Compressed air
supply

Water
supply

Compressed air
supply

Node 1

Unit 1
To weld

Fig. 7. Method of improving the two-stage flushing tank
1 — additional partitions; 2 — clamp for fastening the partition on the
tank wall; 3 — sealing plate made of porous chemically resistant
rubber; 4 — tank body; 5 — calibration valve with a reset flywheel;
6 — shut-off valve
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e installation of rods above the stationary baths to hold jigs them to the production process. These devices are inefficient and
raised from process tanks above the solution level; not costly, although they are easy to maintain.

e slow removal of the jig from the process tank and its quick Such devices are:
transfer to the next tank; * a series of ultra-compact submersible electrochemical mo-

* choosing the optimal design of jigs, barrels and devices to dules (SEMs) developed by the Mendeleev University of
ensure the flow of solution drops back into the process tank; Chemical Technology of Russia under the supervision of pro-

* keeping items above the tank surface for an optimal period of fessor S.S. Kruglikov [15]. They convert process solutions or
time (if automatic lines are used, it must be set by the opera- flushing water into the membrane unit. A SEM allows for the
f[or), as vvleII as The use Ofl bIowing, shaking off, etc. Only an membrane electrolysis in the tanks of existing electroplating
increase in the time of delivery of items to the next tank from 4 lines without any modifications;
to 16 seconds reduces the removal of the solution and the « a membrane technology (NPP, Viadimir)
consumption of flushing water by 3 times (Fig. 6); ] i ’ ’ o

e it is possible to achieve a significant reduction in the amount of * small-sized ion-exchange modules (V.I. Zakharov, Aviapri-
electrolyte “carried away” by the flushed items, if electrolytes borproekt JSC, Moscow);
contain surfactants, which reduce the value of the surface ten- ¢ ULOS unit with a sorbent (B.N. Nechaev, NTK Regenerator,
sion of solutions. For example, chloramine has a similar effect. Moscow);

By adding it in a chromium plating tank, we can reduce the e simple heaters similar to tubular heating elements. They are
surface tension of the electrolyte from 740 to 310 pn/cm. As particularly lucrative under the circumstances. As a rule,
a result, the amount of chromium containing compounds that evaporation of flushing water is not economical. In the condi-
get into the flushing water is reduced by 40-45 % [7]. tions under consideration, when a limited amount (several m?3)

The specific removal of the solution is reduced, if special pro- f highly concentrated effluents (several gff) is generated
cessing of jigs is used, followed by blowing or shaking jigs over or nighy : -
orocess tanks. once every few years, evaporation F)ecomes competitive

In addition to the actions described above, other measures can compared to .other methods of.extractlon of colmpo.nen.tsl of
be applied to reduce the removal of the solution, which, as a rule, process solutions from the flushing water due to its simplicity,
do not involve significant costs. Such measures include: universality and, most importantly, accessibility [17, 18].

e installation of gutters (drop catchers) made of anti-corrosion To prevent heavy metal cations from getting into effluents, llyin
material and installed between the process and flushing offers easy-to-implement recommendations for the electrolytic ex-
tanks inclined towards the process tank followed by flushing; traction of metals from recovery tanks [14]. He proposes to con-

« ensure the appropriate hanging of items that ensures mini- duct the electrolytic deposition of metals from recovery tanks us-
mum solution removal. If possible, flat products should be ing two methods: a method of internal electrolysis and using an
hung vertically, and the smallest side should be located along external source to conduct electrolysis. More information about
the vertical axis (Fig. 7). these methods is available in [14].

Products having intricate shape should be hung in the way en- If it is impossible to use any local units for extracting the compo-
suring high quality draining. For this purpose, if possible, additional nents of process solutions from recovery tanks and flushing water
holes should be made in cup-shaped hollows. directly in flushing tanks, then the time of the non-flow period can be

e alignment of water drops; significantly increased or, if the non-flow period remains the same,

e recovery tanks and the final cascade flushing tanks must the number of flushing tanks can be reduced. A reasonable combi-
have salt gauges, internal and external electrolysis devices nation of non-flow flushing in several flushing tanks and the use of
to reduce the amount of heavy metals discharged to the inexpensive, universal and small-sized extraction units will, on the
treatment facilities [1, 7, 8]. The introduction of such low-cost one hand, reduce the required additional area occupied by flushing
solutions will ensure a decrease in the concentration of tanks and, on the other hand, reduce the cost of flushing water treat-
heavy meta.ls in effluents dischlarged.to treatment facilities, ment (extraction of electrolyte components and pure water) [12].
and they .V\.”” be almost unavailable in the sludge of treat- Hence, the installation of SEMs in the recovery tanks following
ment facilities. . ) ) . . . .

all process operations, in which solutions containing chromic acid

METHODS OF EXTRACTION OF HEAVY METALS or its salts, as well as zinc, cadmium, nickel, etc. are used, allows
FROM ELECTROLYTE DRAG-OUT TANKS small electroplating areas to operate without treatment facilities,
) ) ) and therefore, large-scale production facilities can drastically de-

Electrolysis andlother methods of.regene.ratlon an_d reclamation load the treatment facilities in terms of the amount of effluents and

of used waste solutions are not considered in the article. They are . -
) L ) ) toxic components removed. As a result, the cost of treatment facili-

considered within the framework of the basic manufacturing tech- ) . ) )

nology. However, let’'s consider methods of deposition of metals in ties plus the additional cost O.f .S.meerSIbIe. modulgs 's much lower
. . than the cost of treatment facilities not equipped with SEMs.

solution recovery tanks. These methods need attention, because

cations of heavy metals are of serious hazard to the environment, The operating costs and power consumption, according to the

although post-dilution anions (SO3+, CI) are relatively harmless. author, are also drastically reduced when SEMs are used. Here we

No matter how long tanks are used without any water replace- can refer to the experience of Uralvagonzavod OJSC, Nizhny Tagil,
ment, water cannot remain there forever. However, if an interval be- where the use of a submersible module at the chrome plating works
tween water replacements is several years, small local devices can had an annual economic effect of about 140,000 Russian rubles,
be used to extract electrolyte components from effluents and return and the payback period was 3.5 months [17]. |
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» WAYS TO REDUCE THE AMOUNT OF WASTE PROCESS

SOLUTIONS AND EFFLUENTS DISCHARGED TO
TREATMENT FACILITIES

To reduce the amount of waste process solutions and effluents
discharged to wastewater treatment facilities, it is necessary to:

1. Implement methods of used solutions regeneration. Accor-
ding to? issued in 1992, “in accordance with the Decree of the
Council of Ministers of the USSR, waste electrolytes must be regen-
erated and returned to production process™. If there is an electro-
lyte regeneration unit and it operates properly, electrolytes can be
used for years and only be supplemented according to the loss of
components applied to coated parts?. Moreover, the areas occu-
pied by the electrolyte regeneration unit and the cost of this equip-
ment are not comparable with the cost of electrolyte neutralization
at treatment facilities.

2. Prevent the contamination of process solutions with ingredi-
ents that make them inefficient due to non-compliance with the pro-
cess specification, which, as a result, leads to their discharge to
treatment facilities' [1, 4, 5, 7, 10].

The main causes of electrolyte contamination are as follows:

e items falling down from jigs, which, when dissolved, contami-

nate electrolytes with salts of copper, iron, zinc, lead, tin, etc.;

e lack of proper control, which leads to the fact that brass hooks

to which the anodes of the items are attached are rinsed with
electrolytes when their level in the tanks rises, since in this

case the anodes dissolve, and copper and zinc mix with the
electrolyte;

e poor degreasing of items, which leads to the contamination of
electrolytes with organic substances;

e lubricating oils from monorails, telpher devices and other
units of mechanized and automated production lines conta-
minate electrolytes.

The concept of waste process solutions is applicable only to
chemical processes such as chemical nickel plating or copper pla-
ting, pickling, chromating, oxidation, etc. [7].

It is necessary to punish process engineers for each discharge.
Moreover, it is preferable to extract heavy metals from disabled
electrolytes using traditional technologies (for example, electrolysis)
at the main production facility.

WASTE PROCESS SOLUTIONS AND THEIR USE

If we compare the composition of solutions used by the main
production facility and the types of commercial reagents used for
wastewater treatment, it turns out that in many cases chemicals with
similar properties are used. By virtue thereof, an attempt was made
to find if they can be used instead of commercial reagents by clas-
sifying these solutions by type (Table).

The classification of waste solutions not only by the pH value,
but also by their properties is based on the following considera-
tions.

Classification of waste process solutions by properties that can be used in water treatment

Properties Description

Place of generation Scope of application

1) etching (steel parts)

2) activation (pickling)

3) etching in FeCl,

4) etching in CuCl,

5) undercut etching (NH,),S,04
6) brightening in HCI

7) chemical oxidation

Reducing

PCP
PCP, PCBP’
PCP, PCBP
PCBP
PCBP
PCBP
PCP

Recovery of Cr(VI) and acidification of effluents
containing chromium

Solutions containing HNO,
1) brightening

2) etching

3) passivation

4) chrome plating

Oxidative

PCP Acidification of acid-alkaline effluents

1) acid cadmium
2) nickel plating
3) brass plating
4) tin-bismuth
5) anodizing

6) copper plating
7) ematal plating

To create an acidic environment

Acidification of effluents containing chromium

PCP and acid-alkaline effluents

1) cathodic degreasing

2) anodic degreasing

3) electrochemical degreasing
To create an alkaline environment 4) chemical degreasing

5) zink plating

6) alkali cadmium plating

7) anti-corrosion treatment

PCP Alkalinization of acid-alkaline effluents

*PCBP — printed circuit boards production;
*PCP — protective coatings production
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Some acidic solutions contain oxidizing agents (nitric acid, etc.)
and reducing agents (iron (l1), tin (I1), copper (l), etc.). It is not prac-
tical to combine them in a single tank. Such a combination leads to
the oxidation of reducing agents with nitric acid.

In this case, the efficiency of using the acidic mixture as a re-
ducing agent decreases. Moreover, excessive amounts of nitric
acid, as mentioned earlier, create a number of undesirable phe-
nomena. So, for example, they oxidize commercial reagents (iron
sulfate, etc.), thereby increasing their required dose. In the process
of interaction between reducing agents and nitric acid, volatile
compounds dangerous for maintenance personnel are released.

Given the above, it seems reasonable to divide effluents into
flushing and concentrated ones when the latter are used instead of
or together with commercial reagents, as well as to divide certain
types of acidic solutions into subtypes taking into account their
properties. Such a division of waste acidic solutions into solutions
that do not contain reducing agents and those containing them will
lead to a drastic increase in the efficiency of their use.

The concentration of reducing agents in the acid waste solution
isolated from the total mixture of acids will sharply increase. This will
be a consequence of the lack of dilution with other acids and oxi-
dizing agents. Toxic gaseous emissions are not available. In some
cases, there will be no need for commercial reagents to reduce
hexavalent chromium. And finally, the main technological problem
will be solved, that is, the oxidation of ferrous iron in the process of
hexavalent chromium reduction. There will be no need for alkaliza-
tion of the total runoff to pH = 9.5 due to the presence of iron hy-
droxide (I1). Dissolution of chromium hydroxide caused by high pH
will be eliminated. The coagulation of suspensions and their sedi-
mentation in settling tanks, previously hampered by the presence
of iron (II), will improve.

The consumption of alkaline reagent will greatly decrease. And
finally, the discharge problem of excessive pH effluent will be
solved [18].

RATIONAL FORMATION OF EFFLUENT FLOWS
AT THE POINTS OF THEIR GENERATION TOWARDS
EFFECTIVE TREATMENT

The rational formation of effluent flows at the points of their forma-
tion allows for the effective effluent treatment using traditional me-
thods and “related” technologies developed by the authors [1-3].

“Related” neutralization technologies (fluorine — lead — HM
complex compounds, paints and varnishes, etc.) are those that are
implemented within the framework of traditional process lines for
the neutralization of chromium-containing effluents and all types of
effluents featuring the same process parameters and reagents. The
introduction of “related” technologies allows to greatly reduce the
secondary pollution of effleunts and, accordingly, reduce the
amount of sludge formed. The introduction of “related” technologies
for the neutralization of effluents from PCP and PCBP is possible
only with the rational formation of flows, namely:

e acid-alkali rinsing effleunts;

e rinsing effluents containing HM complex compounds;

 rinsing chromium-containing effluents;

e fluorine-containing rinsing effluents;

e paint-containing effluents;

e solutions containing Cr ¢+

e solutions containing a commercial reducing agent;

e an acidic solution containing a reducing agent;

e gcidic solutions without oxidizing agents;

e acidic solutions with oxidizing agents;

e alkaline WPS + CaO solution.

The expediency of such flows is described in detail in the au-
thor's monograph [1, 3]. It was used in the development of a low
effluent resource-saving technology for neutralization at the BEMP
treatment facilities and dozens of other enterprises in the CIS coun-
tries and abroad [1, 11, 18].

CONCLUSIONS

The introduction of efficient low-cost technologies in the opera-
tion of an enterprise allows to greatly reduce the amount of “fresh”
water consumed in the process and, accordingly, reduce the dis-
charge of effluents to be treated.

Strict compliance with process specifications during core op-
erations ensures a multifold reduction in the amount of toxic sub-
stances in effluents discharged for treatment.

The use of methods of internal and external electrolysis, as well
as the use of submersible electrochemical modules (SEMs), etc.,
makes it possible to extract HMs from the recovery tanks. This will
allow to return up to 40 % of expensive non-ferrous metals (Zn, Ni,
Cu, etc.) to the production process. These metals are in very short
supply, and they are discharged in the form of WPS and flushing
effluents, polluting the HM sludge.

The use of non-disposable WPS allows reducing the need for
purchased reagents for effluent treatment processes and, accord-
ingly, reduce their secondary pollution.

The rational formation of effluent flows at the places of formation
creates the prerequisites for the development of a low-effluent, low-
waste resource-saving technology for reagent wastewater treat-
ment of effluents at instrument and mechanical engineering enter-
prises [1-3].

Methods for improving the effluent-producing PCP and PCBP
are reflected in detail in the monographs and the reference manual
of the authors [1-3].

The materials presented in the article will be used to further
improve the effective resource-saving technology for treating efflu-
ents from PCP and PCBP.
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OnbIT co34aHUA MafioCTO4YHbIX
M MaNnooTXOAHbIX TEXHONOIrUN
NPOMbILUIEHHbIX NPOU3BOACTB

[MpvBeAeH onbIT CO3AAHNA MaNOCTOYHbIX M ManoOOTXOAHbIX TEX-
HOMOrNA MPON3BOACTB 3ALLUMTHbBIX MOKPLITUI M NeYaTHbIX NnaT Ha
npumepe bBpecTckoro anekTpomexaHnyeckoro 3asoga (BOM3).
lMokasaHbl nocusbHble cny>6e akcnayaTauum npeanpuaTuin Ma-
no3aTpaTtHble MeToAbl MHOrOKPaTHOrO CHWXEHWsi NoTpebneHus
«CBEXen» BOAbl HA TEXHOMOrMYecKne Hy>abl U, COOTBETCTBEHHO,
06bEMOB CﬁpaCblBaeMbIX CTOYHbIX BOA HA O4UCTHbIE COOPY>XXEHUS,
a TakXe MyTU YMEHbLLEHUS He MEeHee Y4eM Ha Nopsfaok BbiHOCA
pacTBopa U3 OCHOBHBIX TEXHOMOrMYECKNX BaHH rasfibBaHN4YeCcKo-
ro M NOKpaco4HoOro Npou3soacTB. OnucaHbl cnocobbl n3Bneye-
HUA TAXesNlbIX MeTansioB U3 BaHH ynaBJIMBaHUA 3JIEKTPOJINTOB
1 BaHH MPOMbIBKN U3AEMUIA C MOMOLLIbIO BHYTPEHHErO U BHELLIHEro
3NEKTPONN3a, a TaKXKe NOrpPy>KHbIX ANEKTPOXMMUYECKMX MOAYNen
(M3M) po nx cnepos. MNpuBeaeHb! NyTU CHUKEHNA 06bEMOB copa-
CbiBaeMbIX OTpabOTaHHbIX TexHomormyecknx pactesopoB (OTP)
N CTOYHbIX BOJ Ha OYMCTHbIE COOpY>XeHWs. OnucaHel pesynerarhbl
nccnefoBaHNs COCTaBOB OTPAGOTaHHbIX TEXHOMOMMYECKUX pac-
TBOPOB, M HAa OCHOBaHMN UX cocTaBneHa knaccnduvkaums OTP no
NX TEXHOJOrMYECKMM CBOMCTBaM. Takas Knaccmukaums noseo-
nsaet ucnone3osate OTP BMECTO MM COBMECTHO C MOKYMHbIMU
peareHTaMu. Kak nokasan onbIT 3KCMyaTaumm O4YUCTHbIX COOpY-
>KEHWI CTO4YHbIX BOL, MPON3BOACTB 3aLLMTHBLIX NOKPLITUIA U Nevar-
Hbix nnat BAM3, ncnonb3oBaHve OTP BMECTO MOKYMHbIX pea-
FEHTOB YMEHbLLMIO UX NOTPEBHOCTb HE MEHEee, YeM Ha MopsHoK.
PaunoHanbHoe hopMrMpoBaHNE MOTOKOB CTOYHbIX BOA Y MECT UX
06pa3oBaHns NO3BONAET BECTU IPINEKTUBHYIO O4UCTKY CTOYHBIX
BOJ HE TOMbKO TPaAVLIMOHHBIMM METOAAMU, HO U pa3paboTaHHbI-
MW aBTOpaMm «MONyTHbIMW» TEXHONOrMamMnU. BHegpeHne «nonyT-
HbIX>» TEXHONOrUM MO3BONSET MHOroKpaTHO CHU3UTb BTOPU4YHOE
3arps3HeHne CTO4HbIX BOf U, COOTBETCTBEHHO, YMEHbLLUTL 06b-
em obpasyroLerocs ocagka.

KnroyeBble crioBa: TEXHOIOrMYECKME BaHHbI, MPOMbIBHbIE Orle-
paLmu, aNeKTPOSIUTLI, ANEKTPOIN3, TSXKesble MeTabl, pH, pea-
reHTbI, 0OTPabOoTaHHbIE TEXHOIOrMYECKME PacTBOPbI
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The presented analytical and legal analysis focuses on changes in the Russian legislation in the field of construc-
tion, economics, real estate management, housing and communal complex management. The review addres-
ses the legal framework of public relations related to the construction of individual residential buildings within
the boundaries of low-rise housing complexes (LHC) under contracts of participation in shared construction, re-
quirements for the documentation of the developer of LHC, conditions for concluding contracts of participation in
shared construction, obtaining project financing, determining the status of the property of LHC, issues of inde-
pendent assessment of qualifications of specialists in the field of construction, their activities, as well as require-
ments applied to these specialists, the establishment of Roskadastr public law company engaged in geodetic
and cartographic activities, cadastral, land management work, etc., compensation for losses caused by restricted
rights of owners and tenants of land plots, the compensation payment procedure in respect of the losses incurred
as a consequence of acts of the authorities or local self-government bodies, relations related to the permitted use
of the land plot, and other amendments to the effective Russian legislation.
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types of permitted use of land plots, legal status of Roskadastr public law company, conditions for concluding
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requirements for specialists in the field of construction
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Federal Law No. 447-FZ of December 30, 2021
On Amendments to the Urban Planning Code
of the Russian Federation and Certain Legis-

lative Acts of the Russian Federation [1].

design or construction (hereinafter — specialists)
to perform their labor functions in accordance with
professional standards approved by the federal
executive authority authorized by the Government
of the Russian Federation [3].

The minimum requirements to be met by indi-
viduals applying for specialist status are being
clarified. These include the presence of a general
work experience in the profession, specialty or di-
rection of training in the field of construction. Train-
ing in the field of construction can be reduced from
ten years to five years, provided that specialists
undergo an independent qualification assessment
for compliance with the provisions of the profes-
sional standard in accordance with Federal Law
No. 238-FZ of July 3, 2016 On Independent Quali-
fication Assessment [4]. Specialists in the organiza-
tion of engineering surveys, architectural and con-
struction design and construction, instead of
advanced training every 5 years, must undergo an
independent qualification assessment every
5 years. In addition, specialists should not have an
outstanding or undelivered criminal record for com-
mitting an intentional crime. Organizations or sole
proprietors who are members of self-regulating

The Federal Law regulates the issues of
independent assessment of the qualifications
of specialists in the field of construction, clari-
fies the procedure of making contributions

to the compensation fund of self-regulating
organizations, the establishment of registers
of unfinished capital construction projects.

he Federal Law introduces amendments to
I the Urban Planning Code of the Russian Fed-
eration (hereinafter — Urban Planning Code)
aimed at improving self-government in the construc-
tion sector, establishing the procedure for recogniz-
ing an object of capital construction as an emergen-
cy and subject to demolition, reconstruction, as well
as establishing the procedure for assigning capital
construction objects erected in whole or in part at
the expense of the budgets of the budgetary system
of the Russian Federation [2].
The Federal Law establishes a requirement for
specialists in the organization of engineering sur-
veys, organization of architectural and construction

State Duma of the Federal Assembly of the Russian Federation. URL: http//duma.gov.ru
Official Internet portal of legal information. URL: http//www.pravo.gov.ru

Rossiyskaya Gazeta. URL: http//rg.ru

ConsultantPlus. URL: http//www.consultant.ru

Garant.ru. URL: http://www.garant.ru

RBC Real Estate. URL: http:/realty.rbc.ru
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organizations (hereinafter referred to as SROs) in another region, submitting information about objects under construction, the pro-
not in the place of their registration, are required to transfer to cedure for developing, approving and monitoring the implementa-
the SRO of their region (if any) with the possibility of transferring tion of action plans to reduce the number of such objects is estab-
their contributions to the compensation fund of the new SRO. lished by the federal executive authority authorized by

The issues of the return of excessively paid contributions to the Government of the Russian Federation.
the compensation fund by a member of the SRO, as well as
the funds of the compensation fund by the national association of Federal Law No. 448-FZ of December 30, 2021 On ROS-
the SRO at the request of a member of the excluded organization KADASTR Public Law Company [5] and Federal Law
of the SRO are regulated. The list of documents confirming No. 449-FZ of December 30, 2021 On Amendments to
the compliance of specialists with the minimum requirements, Certain Legislative Acts of the Russian Federation [6].
the composition of information in national registers on working . .
specialists, as well as the list of specialties and areas of training of The laws govern the eSt?bHShment ofa Pl{b"c |?V_V_°°m'
specialists are established by the federal executive authority re- panfy e"_gaged in geodetic and cartographic activities,
sponsible for the development and implementation of state policy performing cadastral, 'a"“,' manage:ment \{vork_, etc. and
S . . ) amendments to the effective Russian legislation.
and regulatory regulation in the field of construction, architecture,
urban planning. The Federal law establishes Roskadastr public law company
The Federal Law clarifies the rules for the placement and in- (hereinafter — the company), defines its legal status, objectives,
vestment of SRO compensation funds, the procedure for making functions, powers, management bodies and their competence,
decisions on investing such funds and the methods of their place- sources of formation of the company’s property, as well as
ment in credit institutions, in particular, the SRO is entitled to place the specifics of its reorganization and liquidation. The company is
the funds of its compensation fund under the terms of a bank de- created by reorganizing joint-stock companies, the sole partici-
posit agreement in the currency of the Russian Federation in pant of which is the Russian Federation, one or more federal state
the same credit institution in which a spgmal bank acoognt IS institutions determined by the Government of the Russian Federa-
opened for the plgcement of gompensatlon fund funds, in an tion, in the form of transformation or with a simultaneous combina-
amount not.exceedlng seventy-five percent of the amount of such tion of transformation and incorporation (when reorganizing sev-
compensation fund funds. o eral federal state institutions or joint-stock companies) in order to
The relevant Nathnal Associations Of SRO (NOP.Rlz and NO- exercise functions and powers of a public legal nature to provide
STRQY) are tespons.lble for .the formation and maintenance Qf public services in the fields of geodesy and cartography, land re-
a Llj_n'f'?d reg_lrsr:er of IﬂfOI’rT]?thﬂ fabr(])utl SfRO mgmbers ar.wd thglr lations, state cadastral registration, state registration of rights to
ob |gat|QQs. e. composition of the |n. ormatlop contame.d in immovable property, cadastral valuation, as well as other func-
the specified register, the procedure for its formation and mainte- . . )
) i tions and powers determined by the Government of the Russian
nance are established by the Government of the Russian Federa- )
tion Federation.
on- . ) ) The founder of the company is the Russian Federation, while
The procedure for recognizing an object of capital construc- .
) . . ) the company operates on the basis of the charter approved by
tion as an emergency and subject to demolition or reconstruction ) .
. ) ) . the Government of the Russian Federation on the proposal of
is established, which should include measures to survey the ac- : ) )
o ) } . the federal executive authority authorized by the Government of
tual condition of the object of capital construction, as well as ) ) . )
: o . the Russian Federation to carry out state cadastral registration of
a survey of the territory on which it is located. The decision to rec- . . ) ) X
. . ) . . immovable property, state registration of rights to immovable
ognize a capital construction facility as an emergency and subject ; o :
to demolition or reconstruction will be made by an authorized fed- property, maintenance of the Unified State Register of Real Estate
eral executive authority, an authorized state authority of a constitu- (herelnaftAer - the_”ght. registration authority). )
ent entity of the Russian Federation or an authorized local govern- The rights registration body performs the functions anld pow-
ment body, depending on whose ownership such an object is ers of the founder of the company on behalf of the Russian Fe-
located deration in the field of preparation of internal documents of
The procedure and grounds for recognizing an object of cap- the company (employment contract, draft company charter, an-
ital construction as an emergency and subject to demolition or nual rgport, company development strategy) aﬁd CoerI over
reconstruction will be established by the Government of the Rus- Compllance by the company’s management bodies with the re-
sian Federation. The possibility and conditions of attributing capi- quirements of Federal Law ?”d the company charter. S
tal construction projects erected in whole or in part at the expense The Federal Law establishes that the company’s activities in-
of the budgets of the budgetary system of the Russian Federation clude, among other things, work on the creation, operation, mo-
to unfinished capital construction projects are fixed, while the list dernization of state information systems and resources, scientific
of grounds for attribution to unfinished capital construction pro- and educational activities, as well as activities in the field of infor-
jects can be supplemented by the Government of the Russian mation technology development and research and development
Federation and state authorities of the subjects of the Russian work. It is envisaged that the company’s property is formed at
Federation. the expense of property contributions from the Russian Federa-
It is planned to form federal and regional registers of unfi- tion, property received in succession, subsidies from the federal
nished capital construction projects. The procedure for the forma- budget, as well as property acquired at the expense of property
tion of such registers, the composition of the information included contributions from the Russian Federation, voluntary property
in them, as well as the procedure for providing such information, contributions, income received by the company from its activities,
is established by the Government of the Russian Federation and and other income not prohibited by the legislation of the Russian
the subject of the Russian Federation. The procedure for Federation. The procedure and terms for the formation of P
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P> the company’s property are established by the Government of

the Russian Federation in the part not regulated by Federal Law.

To implement the functions and powers assigned to the com-
pany, it is granted the right to carry out income-generating activi-
ties. The income from the company’s activities is placed at
the disposal of the company, while the fee for providing informa-
tion from state registers and state funds is placed at the disposal
of the company, unless otherwise established by the Budget
Code of the Russian Federation, other federal laws and legal acts
of the Government of the Russian Federation. The fee for provid-
ing information on the unified electronic cartographic basis must
be paid to the federal budget in accordance with the budget leg-
islation of the Russian Federation.

The Company has the right to dispose of its property in ac-
cordance with the legislation of the Russian Federation and its
charter, while the Government of the Russian Federation estab-
lishes a list of the company’s property, transactions subject to
agreement with the Government of the Russian Federation.

The company’s management bodies include the Supervisory
board (the highest management body), the company’s manage-
ment board and the CEO. The regulation on the Supervisory
Board is approved by the Government of the Russian Federation
on the proposal of the rights registration body, the composition
of the supervisory board should not exceed the number of seven
members, while it should include the head of the rights registra-
tion body. Members of the Supervisory Board may be persons
holding public positions, as well as persons who are state civil
servants. The quantitative composition of the Management
Board is determined by the company’s charter, the General Di-
rector is appointed to the position for a period of five years by
the Government of the Russian Federation on the proposal of
the head of the rights registration body, agreed with the Supervi-
sory Board [7].

The reorganization and liquidation of the company are car-
ried out in accordance with the Civil Code of the Russian Fe-
deration and the legislation on public companies in the Russian
Federation, while it is specified that the reorganization of
the company can be carried out with a simultaneous combina-
tion of transformation and accession to it of one or more federal
state institutions or joint-stock companies determined by
the Government of the Russian Federation, on the basis of deci-
sions of the Government of the Russian Federation. It is speci-
fied that from the date of the state registration of the company or
its reorganization, the company is the legal successor of federal
state institutions, joint-stock companies, through the reorganiza-
tion of which it was created, as well as the legal successor of
federal state institutions, joint-stock companies that are joined to
the company during its reorganization with their simultaneous
transformation.

In connection with the establishment of Roskadastr public law
company, Federal Law No. 449-FZ of December 30, 2021 intro-
duced corresponding amendments to the laws on geodesy, cartog-
raphy and spatial data, state registration of real estate, shared-eg-
uity construction, cadastral activities, land management, state
cadastral valuation, etc.

Federal Law No. 467-FZ of December 30, 2021
On Amendments to Article 57 of the Land Code
of the Russian Federation [8].

The law regulates relations on compensation of losses
in case of restriction of the rights of owners, owners
and tenants of land plots, determines the procedure for
compensation of losses caused by authorities or local
self-government bodies.

Article 57 of the Land Code of the Russian Federation (herein-
after — Land Code) is amended to provide that when the rights of
owners of land plots, land users, landowners and tenants of land
plots, rightholders of real estate objects located on land plots are
restricted, losses caused by lawful actions of state authorities and
local self-government bodies are subject to compensation in ac-
cordance with Articles 57 and 57.1 of the Land Code [9].

Compensation for losses caused as a result of actions of state
authorities or local self-government bodies that do not comply
with the law or other regulatory legal acts, including those caused
as a result of actions that do not comply with the law or other reg-
ulatory legal acts on the basis of decisions of such bodies, is car-
ried out in accordance with civil legislation.

Federal Law No. 476-FZ of December 30, 2021
On Amendments to Certain Legislative Acts
of the Russian Federation [10].

The law regulates relations related to the construction

of individual residential buildings within the boundaries
of low-rise housing complexes (LHC) under contracts for
participation in shared construction, defines the concept
of LHC, establishes requirements for the documenta-
tion of the developer of LHC, conditions for concluding
contracts for participation in shared construction and
obtaining project financing, determines the status of

the property of LHC.

The Federal Law provides for the extension of Federal Law
No. 214-FZ of December 30, 2004 On Participation in the Shared
Construction of Apartment Buildings and Other Real Estate Ob-
jects and on Amendments to Certain Legislative Acts of the Rus-
sian Federation (hereinafter — Federal Law No. 214-FZ) to
the construction of individual residential buildings within
the boundaries of the territories of a low-rise residential complex
(hereinafter — individual residential buildings), provided that
such construction is carried out under contracts for participation
in shared construction [11]. To this end, the Urban Planning and
Housing Codes of the Russian Federation [12], as well as Fed-
eral Law No. 214-FZ, introduce the concepts of a low-rise resi-
dential complex and an apartment building, clarify the concept
of a block-built house and expand the list of types of real estate
objects that fall under the definition of shared-equity construc-
tion. In particular, the house of a blocked building is a residential
building, blocked with other residential buildings in the same row
by common side walls without openings and having a separate
exit to the land plot. It is envisaged that in relation to houses of
blocked construction, the number of floors of which does not ex-
ceed three, and the number of such houses in one row does not
exceed ten, the examination of project documentation and
the results of engineering surveys will not be carried out, their
construction or reconstruction will be carried out without attract-
ing funds from the budgets of the budgetary system of the Rus-
sian Federation. In relation to the construction of individual
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housing construction projects, erected with the involvement of
funds of participants in shared-equity construction, it will be nec-
essary to obtain a construction permit.

The Housing Code of the Russian Federation introduces
the concept of an apartment building as a building consisting of
two or more apartments and including the common property of
an apartment building and non-residential premises or parking
spaces belonging to individual owners that are an integral struc-
tural part of an apartment building. Federal Law No. 214-FZ in-
troduces the concept of a low-rise residential complex as a set
of individual residential buildings and other objects belonging to
the common property of the owners of such houses, the con-
struction of which is carried out by the developer in accordance
with the approved documentation on the layout of the territory,
while an individual residential building on the basis of a contract
of participation in shared construction is recognized as an object
of shared construction.

The law defines the construction procedure and the compo-
sition of the common property of the owners of individual resi-
dential buildings intended for servicing individual residential
buildings and meeting the needs of their owners, which may in-
clude, including engineering and transport infrastructure facili-
ties, boiler houses, water towers, heating points, driveways, bike
paths, pedestrian crossings, sidewalks, landscaping elements,
playgrounds and sports grounds, recreation areas, parking are-
as, sites for placing containers for collecting solid municipal
waste.

The law establishes that the construction of objects that
should be part of the common property is allowed, provided that
the participants in shared construction have the right of shared
ownership of them. If such objects will not be part of the com-
mon property, then their construction is allowed on condition of
their gratuitous transfer to state or municipal ownership. The ap-
proximate form of an agreement on the occurrence of a partici-
pant in shared construction of a share in the right of shared own-
ership of common property will be approved by the Government
of the Russian Federation. The developer is granted the right to
attract funds from participants in shared-equity construction for
the construction of individual residential buildings, subject to
the approval of the territory planning project and the territory
surveying project, which define the boundaries of the territory of
a low-rise residential complex, subject to obtaining one con-
struction permit for the construction project or its stage.

The requirements are fixed for the developer who attracts
funds from participants in shared-equity construction for
the construction of individual residential buildings. In part, dis-
closure of information about the organization and its activities on
the official website of the developer.

The Law establishes the subject matter of the contract of
participation in shared-equity construction in respect of individ-
ual residential buildings and the conditions for its conclusion
and execution. In the contract of participation in shared-equity
construction in respect of individual residential buildings, a con-
dition should be provided for the transfer by the developer to
the participant of shared-equity construction of an individual
residential building together with a land plot only after the com-
pletion of construction of all individual residential buildings with-
in the boundaries of the territory of a low-rise residential com-
plex, completion of construction of common property with
engineering support systems, as well as obtaining a permit for
commissioning and implementation of state cadastral

registration of all individual residential buildings, built as part of
the construction project.

Escrow accounts should be used for settlements under
the contract of participation in shared construction in respect of
individual residential buildings within the boundaries of the terri-
tory of a low-rise residential complex.

The requirements are established to include in the develop-
er's project declaration information about the project and the tim-
ing of the construction of individual residential buildings within
the boundaries of the territory of a low-rise residential complex
with a ban on making any subsequent changes. The Federal
Law introduces corresponding amendments to the Land Code of
the Russian Federation, as well as to eleven federal laws, in par-
ticular, Federal Laws No. 185-FZ of July 21, 2007 On the Fund
for Assistance to Housing and Communal Services Reform [13],
No. 161-FZ of July 24, 2008 On Assistance to Housing Construc-
tion Development [14], No. 218-FZ of July 13, 2015 On State
Registration of Real Estate [15], No. 225-FZ dated July 13, 2015
On Assistance to the Development and Improvement of Manage-
ment Efficiency in the Housing Sector and on Amendments to
Certain Legislative Acts of the Russian Federation [16].

Federal Law No. 493-FZ dated December 30, 2021

On Amendments to Article 7 of the Land Code

of the Russian Federation and Article 8 of the Federal
Law On State Registration of Real Estate [17].

The law regulates relations related to the permitted type
of use of the land plot, the main or conditionally permit-
ted type of use.

The Federal Law introduces amendments to Article 7 (Com-
position of lands in the Russian Federation) of the Land Code of
the Russian Federation, according to which the legal regime of
lands is determined in accordance with federal laws based on
belonging to a particular category of lands and their permitted
use. In respect of a land plot, in accordance with federal laws,
one or more basic, conditionally permitted or auxiliary types of
permitted use of a land plot may be established. The main or
conditionally permitted type of permitted use of a land plot is
considered to be selected in relation to such a land plot from
the date of entering information about it into the Unified State
Register of Real Estate, while entering information about auxil-
iary types of permitted use of a land plot into the named register
is not required.

The rightholder of the plot chooses any main or auxiliary type
of permitted use from the territories provided for by urban zo-
ning. In addition, the copyright holder may obtain permission for
a conditionally permitted type of use.

The main or conditionally permitted type of permitted use of
the site is considered to be selected in relation to such a site
from the date of entering information about it into the Unified
state register of real estate (EGRN). It is not required to enter
data on auxiliary types of permitted use of the land plot into
the EGRN.

In addition, if there is no information in the EGRN about
the type of permitted use of the site or about the site, the type
specified in the title document for this site issued before January
31, 1998 is considered selected.

The Federal Law introduces a corresponding amendment to
Article 8 of Federal Law No. 218-FZ dated July 13, 2015 On State
Registration of Real Estate [18].
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HoBennbl poccunckoro 3akoHopaTenbcTBa
B cchepe CcTpouUTenbCTBa, IKOHOMUKN

M ynpaBneHNs HeABUXKMMOCTbIO B NePBOM
KBapTane 2022 roga

B npepctaBneHHOM aHanUTUKO-NPaBOBOM aHanu3e oTpaxe-
Hbl N3MEHEHUSI POCCUICKOrO 3aKkoHoAaTenbCcTBa B cdhepe CTpo-
nTenbCTBa, 3KOHOMUKU, ynpaBJieHUA HeABUXUMOCTLIO, ynpasre-
HUS XXUITMLLHO-KOMMYHaSTbHbIM KOMMIEKCOM.

B 0630pe oTpakeHo HopMaTUBHOE NPaBOBOE PerynMpoBaHune 06-
LLIECTBEHHbIX OTHOLLEHWA MO BOMPOCaM AEATEeNbHOCTU OTHOLLe-
HWI, CBA3AHHbIX C BO3BEAEHVNEM UHAVBUAYANbHbBIX XWUIbIX JOMOB
B rpaHuuax ManoaTaxHbIX XUMLHbIX kommnekcoB (MXKK) no
[OroBopam y4acTus B [ONEBOM CTPOUTENLCTBE, BOMPOCHI TPE60-
BaHW K JOKyMeHTaumm 3actponimka MXXK, ycnosun 3aknoye-
HVS [OrOBOPOB y4acTus B JOSIEBOM CTPOUTENLCTBE, MONyYeHus
NMPOEKTHOro PMHaAHCMPOBAaHWA, ONpefeneHns craTyca UMyLLEecT-
Ba M)XK, Bonpocbl HE3AaBMCMMOW OLIEHKM KBanudmkaumm cne-
LpanucToB B cdiepe CTPOUTENLCTBA, UX AEATENbHOCTM, a Takxe
TpeboBaHU, MPeAbABAAEMbIX K YKa3aHHbIM crneumannctam, Bo-
npochkl CO3[aHUs Ny6M4YHO-NpaBoBO KoMNaHun «Pockapgactp»,
OCYLLIECTBMAIOLLEN FeOAe3NHecKylo U kaptorpaduyeckyto aes-
TENbHOCTb, BbIMOMHAIOLLYIO KaAaCTPOBbIe, 3eMIeYCTPOUTENbHbIE
paboTbl, U T.N., OTHOLUEHWS O BO3MELLEHUM YObITKOB MpWU orpa-
HUYeHUW NpaB COOCTBEHHWKOB, BNafenbLeB 1 apeHaaTopoB 3e-
MerbHbIX YHaCTKOB, OMpefesieHns nopsaka BO3MeLLEeHNs YobIT-
KOB, MPUYMHEHHbIX OpraHamn BAacTU UM OpraHamn MeCcTHOro
camoynpaBfieHns, OTHOLLEHWS, CBA3aHHbIE C Pa3peLUeHHbIM BU-
OOM UCMONMb30BaHWA 3eMEfNbHOro y4yacTka, OCHOBHOrO Wnu
YCNOBHO pa3peLleHHOro B1Aa UCMONb30BaHWsA, U UHble N3MEeHe-
HWS B OENCTBYIOLLIEE POCCUICKOE 3aKOHOAATENbCTBO.

KnroueBble cnoBa: n3amMeHeHWs!, [JOMOIHEHWS, 3aKOHOAATE bCT-
Ba, HOPMAaTUBHO-MPaBOBbIE aKTbl, CTPOUTE/ILCTBO, SKOHOMMUKA,
rpafocTpoUTesIbCTBO, MHOIOKBapTUPHbLIV oM, XXKX, ManoaTax-
Hble XunLyHble Komnnekcel (MXKK), 3awmra npaB Ha 3emersib-
HblEe y4acTKu, BUAbI Pa3PeLLIEHHOr0 MUCMOIb30BaHNs 3€MEJIbHbIX
y4acTKoB, MpaBoBOe MOSIOXKEeHNE MyOsINYHO-PaBOBOM KOMIaHU1
«Pockapgactp», ycroBus 3aKitOHEHUs1 JOrOBOPOB y4HacTusi B [O-
JIEBOM CTPOUTESNILCTBE, KBanguKkauus cneLynanmcTos B cgepe
CTPOUTENIbCTBA, AEATENIbHOCTb, TPEebOoBaHWs, MPeabsaBIsSeEMbIE K
crieymanictam B chepe CTpouTeNbLCTBa
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Problems of ensuring the competitiveness

of investment and construction activities under
new macroeconomic conditions and approaches
to their resolution

The article addresses challenges in the development of the national construction industry, including: hard-
to-predict inflation growth, accompanied by an increase in the cost of building materials; a decrease in real dis-
posable income of the population, their purchasing power; lack of the personnel to perform construction work;
growth of the benchmark interest rate of the Bank of Russia, accompanied by a decrease in the availability of
credit resources, both for the population and construction companies; growing digitalization of the construction
industry; the impossibility of not taking into account ESG principles in investment and construction activities. The
authors emphasize that the above challenges exacerbate competition between construction companies, espe-
cially at the regional level. The following measures are to tackle challenges in the industry to increase the com-
petitiveness of construction companies in the new macroeconomic environment: adjusting the product line with
an emphasis on compactness and functionality; using functional cost analysis in conjunction with information
modeling technologies to optimize the consumption of building resources; expansion of state support measures
in terms of providing land, financial and engineering resources; development and approval by all market partici-
pants of the rules that apply to the monitoring of and compensation for the rise in the cost of construction re-
sources; synchronization of the process of creating the utility, transport and social infrastructure with the inte-
grated development of the territory; reducing the labour intensity of construction and increasing its labour
productivity; using a client-oriented approach based on the concept of the consensus of interests; a comprehen-
sive balanced approach to the implementation of ESG principles in investment and construction activities.

Keywords: sustainable development, investment and construction activities, competitiveness, efficiency,
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ESG principles

he construction industry has always been one

of the main drivers of development and formed

not only the quality of life, but also the tax base,
created jobs. Construction, in the system of which in-
vestment and construction activities (ICA) are con-
ducted, is a highly integrated, complex industry with
a large multiplicative effect. Today, it generates about
12-17 % of all tax deductions to the country’s budget,
and the key task is to accelerate the development of
the construction industry with an emphasis on the im-
plementation, first of all, of the interests of the coun-
try’s residents. Measures to achieve this goal are
specified in the Strategy for the Development of
the construction industry and housing and Commu-
nal Services of the Russian Federation until 2030 with
a forecast for the period up to 2035.

The strategy sets out the following main objectives

for the development of the construction complex™:

e improving the comfort, quality and standard of
living of citizens;

e formation of high-tech, competitive sectors of
construction and housing and communal ser-
vices;

® minimization of negative impact on the envi-
ronment.

The key issue in the development of the coun-
try's construction complex is the understanding of
a promising settlement system, that is determining
the future place of residence of people. According
to a sociological survey, about 30 % of the country's
population plans to change their place of residence
in the next 2-3 years [1].

The authors note that an integrated approach to
the development of urban areas will fully realize
the urban development potential of urbanized territo-
ries and achieve the targets set in the strategy [2].
However, in order to successfully implement
the measures laid down in the strategy, it is neces-
sary to take into account the long-term challenges
that carry risks for the sustainable development of
the construction complex. Among them are noted:

It is difficult to predict an increase
in inflation, accompanied by an increase
in the cost of building materials

According to Rosstat, consumer inflation in Rus-
sia for 2021 amounted to 8.39 %, which was
the highest since 20152. At the same time, for 2022,
the Central Bank of the Russian Federation predicts
consumer inflation at the level of 4-4.5 %, and

1 Strategy for the development of the construction industry and housing and communal services of the Russian Federation until 2030 with a forecast
for the period up to 2035 (draft). Ministry of Construction of Russia. URL: https://www.minstroyrf.gov.ru/upload/iblock/672/V-Strategiya-na-sayt-i-GASU.pdf

2 Rosstat has tentatively estimated inflation as a record since 2015. Forbes.ru. URL: https://www.forbes.ru/finansy/451557-rosstat-predvaritel-

no-ocenil-inflaciu-kak-rekordnuu-s-2015-goda
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experts at least 5.1 %. But the prices of manufacturers of industrial Lack of personnel to perform construction work
goods have increased much more significantly — by almost 30 % )
over the year. This is the so-called “industrial inflation”. A number of sectors of the Russian economy are currently ex-
It should be noted that construction materials have risen in periencing a shortage of labor both due to the restrictions associ-
price most of all in 2021, by almost 24 %, for certain items (metal, ated with the pandemic and due to the increasing competition be-
lumber) 35-300 %. However, according to official data, consumer tween the subjects of the country for qualified personnel. According
inflation in Russia in 2019 was 3 %, in 2020 — 4.91 %, and in to Rosstat, the number of required employees for vacant
2021 — 8.39 %. jobs in the 2nd quarter of 2021 increased by 59 % compared to
As aresult, due to the increase in the cost of construction ma- the same period in 2020 in agriculture, by 30.2 % in construction,
terials, the costs of government contracts for construction, repair by 49.5 % in manufacturing, by 23.8 % in financial and insurance
and reconstruction in 2022-2024 may increase by 23 %. At activities®. According to experts, the shortage of labor resources in
the same time, the cost of housing in new houses in 2022 will in- construction is about 1.2 million people®.
crease by 8-10 %. If construction materials rise in price by 15 % Despite the fact that in 2020, the average wage of a construc-
next year, this will add about 5 % more to the cost of a square tion worker in the country increased by an average of 30 % and
meter of housing. According to experts' forecasts, steel fittings, amounted to about 59 thousand rubles. The personnel deficit re-
cables and electrics, wood and lumber will increase in price mained at the same level. Against this background, the competition
the most (by 20 %)°. between the subjects of the country for human resources has be-
come especially acute. Due to the fact that the highest average sal-
Reduction of real disposable incomes of the population, ary of builders is in Moscow (65 thousand rubles), St. Petersburg
their purchasing power (55 thousand rubles) and Sochi (54 thousand rubles). With an acute
According to the results of the 3rd quarter of 2021, according to shortage of migrant workers in other cities and regions, the person-
Rosstat, there was an increase in real disposable monetary in- nel problem is further aggravated, and the commissioning dates for
comes of the population by 8.1 % compared to the same period last a number of projects are postponed, and the implementation of
year (Fig. 1). However, such an increase is due to large one-time some remains under threat.
social payments to needy categories of citizens (pensioners, fami-
lies with children), whose share in the income structure for this pe- An increase in the key rate of the Bank of Russia,
fiod reached 23.1 % [3]. accompanied by a decrease in Fhe availability of cret'iit
In the second quarter of 2021, real wages increased by 5.5 %. resourct:es, both for the population and for construction
At the same time, in the non-corporate sector during this period, companies
the average income decreased by 18 % compared to the second In relation to the construction complex, the value of the key rate
quarter of 2019 (Fig. 1). affects the amount of interest on mortgage loans for the population
In 2020, there was a decrease in housing affordability in the coun- and the level of the loan rate when construction companies use
try, while in 2008-2019 a steady trend was formed to increase it. In project financing.
the context of the coronavirus pandemic, high price dynamics were If earlier the share of housing purchased in apartment buildings
observed in the Russian housing market, which affected the decrease under construction with the help of mortgages was about 50-60 %,
in housing affordability. This trend has continued in 2021. Thus, by then with the introduction in 2020 as an anti-crisis measure for
the end of 2021, the housing affordability coefficient (HAC) was 3.33 housing developers of mortgages with state support at 6.5 % (the
years, that s, it increased by 5.8 % compared to 2020*. maximum loan size for Moscow and St. Petersburg is 12 million ru-
bles, and for other regions — 6 million rubles), the volume of trans-
— :::if:::ﬂ:;:,f;f;;:ﬂ:ﬁ: actions using mortgage loans increased to 80-90 %.
Real pensions Along with the tightening of conditions for preferential mortgag-
es, there is also an increase in the average rate for all mortgage
1 programs in housing construction (Fig. 2). At the same time, ex-
100 perts note that with a projected rise in housing prices in 2022 by
. 5 % and an increase in the average mortgage rate from 9.9 to 12 %,
- the monthly mortgage payment with a down payment of 15 % for
%0 20 years will increase by 21 %, and the overpayment for the entire
o term of the loan will increase by 32 %. It can be assumed that this
o UEIVEE R LR ! will contribute to a reduction in demand for residential real estate
o ! e ! ¢ . : and a contraction of the market as a whole. Based on the pessimis-
) ) . ) . tic scenario of the real estate market development associated with
. Fig. 1. Dyn?m’cs of the real disposable mco",’e o”h,e popuiation Western sanctions, the growth rate of the cost per square meter
in 2014-2021 (in % compared to the corresponding period last year) may increase significantly.
3 Khusnullin called the rise in prices for building materials the main threat to the industry. News of the day in Russia and the world — RBC. URL: https://www.rbc.ru/society/27/12/2021/
61c91aa89a794761a939a141
4 Dynamics of housing affordability in 2006—2020. Foundation “Institute of City Economics”. URL https://urbaneconomics.ru/sites/default/files/zapiska_po_dostupnosti_zhilya_v_
subektah_rf_2020_itog.pdf
5 Federal State Statistics Service. Socio-economic situation of Russia (January—October 2021). URL: https:/rosstat.gov.ru/storage/mediabank/osn-10-2021.pdf
6 The Ministry of Construction announced a shortage of 1.2 million builders in Russia. Forbes.ru. URL: https://www.forbes.ru/newsroom/obshchestvo/422961-minstroy-zayavil-o-
nehvatke-12-min-stroiteley-v-rosii >
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Due to the growth of the key rate, not only mortgages are becom-
ing more expensive, but also loans for developers, which increases
the cost of construction and housing prices. In 2021 alone, rates on
various banking products for developers increased from 6.5-7.5 % to
10.5-11.5 %. According to the Bank of Russia, in the 3rd quarter of
2021, the share of projects in housing construction using project fi-
nancing exceeded 70 %. The average rate for project financing on
September 31, 2021 was at the level of 3.3 %, while the majority of
loans (598 billion rubles) issued at a rate of less than 1 %/.

In the second quarter of 2021, real wages increased by 5.5 %.
At the same time, in the non-corporate sector during this period,
the average income decreased by 18 % compared to the second
quarter of 2019 (Fig. 1).

In 2020, there was a decrease in housing affordability
in the country, while in 2008-2019 a steady trend was formed to
increase it. In the context of the coronavirus pandemic, high price
dynamics were observed in the Russian housing market, which af-
fected the decrease in housing affordability. This trend has contin-
ued in 2021. Thus, by the end of 2021, the housing affordability
coefficient (HAC) was 3.33 years, that is, it increased by 5.8 %
compared to 20208.

—— 9.85%
—— 9.85%

Fig. 2. Dynamics of changes in the average mortgage interest
rate according to the top 15 mortgage banks of the Russian Fede-
ration from September 2021 to January 2022

Together with the deterioration of housing affordability for
the main consumers and the slowdown in sales, the average pro-
ject financing rate for developers in 2022 may be 12-15 %, which
will also increase the cost of construction.

Increasing digitalization of the construction industry

The gradual transition to the examination of project documenta-
tion in electronic form, the provision of most services by municipal
authorities in a remote format marked the beginning of the digitali-
zation of the construction industry. The pandemic has only acceler-
ated the process of introducing digital technologies into construc-
tion. Of particular relevance today is the introduction of information
modeling technologies (BIM) into the industry. BIM is an information
model of buildings and infrastructure facilities. During the design
process, all architectural and design, technological, economic and
other information and documentation about the building is worked
out on the basis of an information model. It is assumed that the use
of the information model will avoid design errors, improve

the overall quality of the project documentation being prepared and
reduce the overall construction time.

Since 01.01.2022, the use of BIM for all capital construction
projects being built at the expense of budgetary funds is manda-
tory. And for developers carrying out construction in accordance
with the legislation of the Russian Federation on shared-equity con-
struction, the use of BIM will become mandatory from 01.01.2023.

The cost of implementing BIM consists of the following compo-
nents: re-equipment of one workplace of the designer 400-600
thousand rubles; payment of licensed software — about 200 thou-
sand rubles per year for one workplace. The cost of designing using
BIM in the total cost according to companies is no more than 8 %.

Due to the novelty of digital design tools, it is still difficult to talk
about the effects of their implementation. Some experts note that
a positive effect is possible only as a result of building a system
process throughout the construction cycle, and the costs invested
in a project designed using BIM are returned by optimizing
the costs of construction and maintenance of the facility.

The inability not to take into account ESG principles
in investment and construction activities

In recent years, the trend towards responsibility and environ-
mental friendliness has spread to the investment sector. As a result,
the concept of ESG emerged. The abbreviation ESG can be deci-
phered as “ecology, social policy and corporate governance”. In
a broad sense, this is the sustainable development of commercial
activity, which is based on the following principles: Environment —
responsible attitude to the environment; Social — high social re-
sponsibility; Governance — high quality of corporate governance.

In Russia, some banks are already testing borrowers for compli-
ance with the principles of sustainable development. A business
that claims to have a good ESG score must meet development
standards in three categories: social, managerial and environmen-
tal [4].

At the same time, the main thing for sustainable development is
to maintain a balance between all criteria. It is necessary that, if
environmental and social requirements are met, the investment
costs of their implementation do not reduce the return on invest-
ment to an unacceptable level.

The challenges outlined above exacerbate the issues of competi-
tion between construction companies, especially at the regional level.
The increasing level of competition is one of the three main factors
constraining the activities of construction companies [5]. As a result,
the current situation in the residential real estate market leads to an
acceleration of the withdrawal of weak and small companies from
the market, and industry leaders gain an advantage. At the same time,
competition between large companies in the market is intensifying,
which leads to the need to improve the product they offer [6].

In the current conditions, the increasing demands of consu-
mers, including those caused by the need to spend more time in
their apartments due to epidemiological restrictions, are also lead-
ing to an increase in the quality of the product created by construc-
tion companies. Currently, buyers' demands are growing for the lo-
cation of the house, the layout of apartments in it, the decoration of
common areas, the provision of parking spaces, social infrastruc-
ture and the services presented in the project for future residents.
An adequate assessment of consumer preferences and their

7 On project financing of housing construction in the third quarter of 2021. The Central Bank of the Russian Federation. URL: https://cbr.ru/Collection/Collection/File/39315/pf_2021_Q3.pdf

8 Dynamics of housing affordability in 2006-2020. Foundation “Institute of City Economics”. URL https://urbaneconomics.ru/sites/default/files/zapiska_po_dostupnosti_zhilya_v_

subektah_rf_2020_itog.pdf
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effective implementation in a development project will allow
the company to resist in conditions of increased competition [7].

Summarizing the above, the authors propose the following meas-
ures to respond to modern challenges in ICA to increase the competi-
tiveness of companies in new macroeconomic conditions:

1. Adjusting the product line with an emphasis on compactness
and functionality is not just reducing the area of a commodity unit,
but designing the space and volume of an apartment while main-
taining the basic functions necessary for a comfortable life. As
measures to optimize the functionality of the apartment in practice
are used — the built-in furniture of the apartment, the use of mo-
dern household appliances and others. When forming a product
line, it is proposed to allocate the largest share of space for full-
fledged 1-room apartments and 2-room studios of moderate size.
As a result, it will be possible to increase the availability of housing
with minimal losses in its functionality.

2. The use of functional cost analysis (FCA) in conjunction with
BIM to optimize the consumption of construction resources. Variant
design based on information modeling using various design
schemes, construction technologies and materials will allow for
a sharp change in the cost of building materials to replace them
with analogues with identical physical properties. The use of
the FCA is advisable not only at the design stage, but also through-
out the life cycle of an investment and construction project (ICP). At
the same time, it is necessary to decompose key functions by lev-
els of development in urbanized territories - an apartment, a resi-
dential building, a micro-district (quarter), a city, an agglomeration,
taking into account age and changing needs by groups of main
consumers for effective design of the living environment.

3. Expansion of state support measures in terms of providing:

e land resource — free municipal land plots; preferential tax

rates for complex development of the territory; equivalent ex-
change of the developer's land resource provided for social
facilities; provision of compensatory land plots with participa-
tion in projects with low marginality.

financial resources — infrastructure budget loans; 100 % pre-
payment for joint implementation of projects within the frame-
work of public-private or municipal-private projects; gratui-
tous subsidies for socially-oriented companies of the con-
struction complex; ensuring an acceptable marginality of de-
velopment projects at the level of at least 15 % in the complex
development of the territory.

engineering resources (water supply and sanitation, electric-
ity, heat supply) — the formation of comprehensive programs
for the development of engineering infrastructure, taking into
account long-term housing construction plans; to provide for
the obligation of natural monopolies to finance the develop-
ment of engineering infrastructure primarily in areas of inte-
grated development of territories; to include the costs of engi-
neering infrastructure in the tariff and thereby distribute them
evenly among all users.

Additionally, in this block it is proposed to expand the measures
of state support in terms of the formation of preferential conditions
when providing mortgage loans to citizens when purchasing hous-
ing directly from construction companies. In particular, it is neces-
sary to increase the maximum size of the loan provided to borrow-
ers to 12 million rubles throughout the country, to set the interest
rate at a level of no more than 50 % of the size of the key rate of
the Central Bank of the Russian Federation. At the same time, it is
necessary to keep the rate on previously developed mortgage

programs (“family mortgage” — up to 6 %, “rural mortgage” — up
to 3 %, “Far Eastern mortgage” — up to 2 %) at the same level. It is
also necessary to develop new mortgage programs for certain ca-
tegories of the population (young families, teachers, doctors, etc.)
and for certain regions of the country with a high level of migration
(for example, “Siberian mortgage”).

4. Development and approval by all market participants, both
government customers and commercial companies, of the rules for
monitoring and compensation of the rise in the cost of construction
resources in the process of construction works. In conditions of
a long construction cycle during the construction of capital con-
struction projects (2-3 years or more) and a difficult-to-predict in-
crease in market prices for construction resources, it is necessary
to compensate for the resulting increase in the cost of construction
and installation work. In accordance with the proposed rules,
the difference in the price of resources at the time of conclusion of
the contract compared with the price at the time of calculations for
the construction and installation work performed should be com-
pensated by the customer, developer or investor.

5. Synchronization, primarily on the part of state authorities and
resource-supplying organizations, of the process of creating com-
munal, transport and social infrastructure in the complex develop-
ment of the territory. To create not just residential complexes, but
residential ecosystems, including public spaces, workplaces, plac-
es of leisure and recreation, social and transport infrastructure, tak-
ing into account the interests of all population groups, as well as
mechanisms and management system of the residential complex.

6. Reducing the labor intensity of construction to increase labor
productivity. It is necessary to improve design solutions and use
digital technologies as a tool to significantly reduce time costs in
construction. According to expert estimates, an increase in labor
productivity in construction by 20 % will reduce the number of ne-
cessary workers by 1 million people. In addition to the use of inno-
vative materials, equipment and mechanisms, it is also necessary
to form a new ecosystem of personnel training in the construction
industry in the digital economy.

7. Using a client-oriented approach based on the concept of
consensus of interests. The concept of respecting the interests of
the main subjects of interaction will allow us to get away from
the principle of “the consumer is always right” and develop the con-
struction complex more effectively. It is assumed that a consensus
of interests of economic entities, the absence of which causes an
unbalanced development of both urbanized territories and the con-
struction complex as a whole, can be achieved by taking into ac-
count and harmonizing the goals pursued by all development enti-
ties. The creation of showroom apartments, including in digital
form, the offer of various options for the purchase of objects (subsi-
dized mortgage, installments, trade—in, etc.), variable finishing of
apartments, etc. can be used as measures to maximize the satis-
faction of the interests of consumers.

8. A comprehensive balanced approach to the implementation
of ESG principles in ICA. The trend towards sustainable develop-
ment, taking into account ESG principles representing responsible
attitude to the environment, high social responsibility and high qua-
lity of corporate governance, is becoming dominant in the develop-
ment of the economy in general and ICA in particular. Banks and
investment funds are beginning to take it into account when deci-
ding on financing investment projects. Objects built on these prin-
ciples are in great demand among buyers. Accordingly, the selling
price, for example, of apartments in such objects, is always higher
than in ordinary houses.
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An integrated approach ensures the balance of all three com-
ponents of sustainable development: environmental, social, and
economic. For example, the ecological component assumes,
when implementing investment projects, the obligatory organic
interaction of natural and urban planning systems, the preserva-
tion of urban forests, parks, water bodies, coastal strip, natural
landscape. The social component can be provided by the preser-
vation of historical monuments; renovation of the historical center
of the city while preserving the original architectural appearance.
It is also important to form a high-quality urban environment with
sufficient landscaping, public spaces, a developed road network,
the necessary number of parking lots, social infrastructure, etc.
The economic component is the provision of reasonable profitabil-
ity in the implementation of investment projects. When building
valuable urban areas, a significant part of the urban rent should
be invested in the formation of a high-quality environment,
the construction of social and engineering infrastructure. If
the built-up area is less valuable, then the municipality must com-
pensate part of the costs so that the developer receives a mini-
mum sufficient return and the integrated development project of
the territory takes place.

Taking into account environmental principles has been called
green construction. The first national standards of green construc-
tion have been developed and approved. They outline the ultimate
goals of “green” construction — minimizing the level of consump-
tion of energy and material resources throughout the life cycle of
the investment object — from design to demolition, improving
the quality of real estate and comfort, environmental safety for
people and nature®. The main thing is to find a middle ground in

the implementation of ICA, which will allow you to comply with
both the principles of profitability and the principles of ESG.

The measures proposed by the authors as a response to future
challenges will contribute to improving the competitiveness of com-
panies engaged in ICA and the construction industry as a whole.
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Mpo6nembl o6ecneyeHus
KOHKYPEHTOCMNOCO6HOCTU MHBECTULIMOHHO-
CTPOUTENbHOW AEeATENIbHOCTU B HOBbIX
MaKpPO3KOHOMUYECKUX YCITIOBUAX

M NOAXoAbl K UX peLUeHnto

B cTtatbe nogpo6HO pacKpbITbl MEPCNEKTUBHBLIE BbI30BbLI A1 pas-
BUTUSI CTPOUTENIbHOMO KOMMJIeKca CTpaHbl, Cpeamn HUX: TPYAHOMpPO-
FHO3MPYEMbIA POCT MHPMALMK, CONPOBOXAAMLLIMIACA YBENNHEHM-
€M CTOMMOCTU CTPOMUTENbHBIX MaTepPUasioB; CHMKEHUE peasibHbIX
pacronaraembIx [JOXOA0B HACENeHWs, X MOKYNaTeNbCkon cnocob-
HOCTW; OTCYTCTBME KaOpOB A/ BbIMOSHEHUSI CTPOUTESIbHbIX pa-
60T; pOCT KN4eBOW cTaBkn BbaHka Poccuu, conpoBoxaaroLLmii-
CA YMEHbLUEHMEM [OCTYMHOCTM KPEeOUTHbIX PEeCcypcoB Kak ans
HaceneHusl, Tak U Ans CTPOUTENbHbIX KOMMaHWiA; Bo3pacTatoLlas
LUMchpoBU3aLMS CTPOUTENIbHOW OTPaC/N; HEBO3MOXHOCTb HE Y4u-
TbiBaTb ESG-npuHUMNBI B MHBECTULIMOHHO-CTPOUTENBHON Oes-
TeNIbHOCTU. ABTOPaMM OTMEYAETCS, YTO 0603HA4YEHHbIE BbILLIE Bbl-
30Bbl 060CTPSIOT BOMPOCHI KOHKYPEHLIMU MEXAY CTPOUTESIbHbIMU
KOMMaHUAMM, 0COGEHHO Ha pernoHanbHOM YpoBHe. B kayecTBe ak-
TyanbHbIX MEP pearvpoBaHus Ha BbI30BbI B OTPACNY NS NMOBbILLE-
HUS KOHKYPEHTOCNOCOBHOCTN CTPOUTESNIbHBIX KOMMaHWU B HOBbIX
MaKpO3KOHOMMUYECKUX YCNOBMSIX MpegdnaratoTcsi crnegyolime Me-
POMpUSITUS: KOPPEKTMPOBKA MPOAYKTOBOW JIMHENKU C aKLEHTOM
Ha KOMMakKTHOCTb U (DYHKLMOHASIbHOCTb; UCMOMb30BaHWE hYHKLW-
OHasnbHO-CTOMMOCTHOIO aHasim3a B COBOKYMHOCTU C TEXHOJOrusi-
MW MHCPOPMALIMOHHOTO MOZENNPOBaHUS ANs ONTUMU3ALMU PaCXo-
[a CTPOMTENbHbBIX PECYPCOB; pacLUMpeHne Mep rocyaapCTBEHHON
NoaAepXXKM B HacTW NPefoCTaBIeEHNs 3eMESIbHbIX, (DUHAHCOBBIX U
WHXEHEPHbIX PeCypCcoB; paspaboTka 1 yTBEPXXAEHVE BCEMU yHaCT-
HVMKaMW pbIHKa NPaBusl MOHUTOPMHIA U KOMIEHcaUmmn yaoopoXXaHus

CTOMMOCTM CTPOMUTENBHBIX PECYPCOB; CMHXPOHM3aLMs mpouecca
€030aHns KOMMyHaIlbHOW, TPaHCMOPTHOW M COoLManbHON MHAdpa-
CTPYKTYPb! MPU KOMMIIEKCHOM OCBOEHWUW TEPPUTOPUW; CHUXXEHWE
TPYOOEMKOCTU CTpOUTENIbCTBa U MOBbILLEHUE NMPOU3BOAUTESIbHO-
CTW TpyAa; UCNonb3oBaHUe KIIMeHTOOPUEeHTUPOBAHHOIO noaxona
Ha OCHOBE KOHLIEMLMMN KOHCEHCYCa UHTEPECOB; KOMIMEKCHbIN coa-
NaHCUPOBAaHHbLIN MOAXOA K BHEOPEHMIO B MHBECTULIMOHHO-CTPOU-
TenbHYI0 AeATenbHOCTb NpuHLUMNoB ESG.

KnioyeBble cnioBa: ycToui4MBoe pas3BUTUE, WHBECTULMOHHO-
CTpOUTE/IbHAs [EATENIbHOCTb, KOHKYPEHTOCIOCOOHOCTb, SQhheK-
TUBHOCTb, ESG-npuHYnbi
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