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Abstract: In order to ensure the implementation of the “Strategy for the Development of the Con-
struction Industry of the Russian Federation until 2030” and the implementation of the UN resolution
on sustainable development, there is a need to develop new strategic management initiatives. They
should allow authorities to make inter-city comparisons, considering specific cities and their objects
against the background of others undergoing similar development processes. In this article, the
authors propose strategic initiatives for the management of urban facilities. In particular, the authors’
approach to the assessment of the sustainable development of housing and communal service facili-
ties in the city is proposed. According to the authors, the housing and communal city service objects
mean capital construction objects in different forms of reproduction. Moreover, the article examines
both residential buildings and structures, and utility networks. The authors” approach consists in
the constant assessment of the city’s housing and communal service facilities at different stages of
their operation. For this, the authors use several types of analysis: ex post analysis, ex ante analysis,
and foresight analysis. For each type of analysis, the authors form a set of assessment indicators and
indicate the period of the analysis. The result of the study is the development of an indicator for
the assessment of the level of sustainable development of housing and communal service facilities
in the city, and a roadmap for their development strategy. The roadmap is formed considering the
introduction of modern end-to-end technologies and digital tools into the work of state bodies. The
proposed approach, on the one hand, considers the internal complexity and heterogeneity of the
city’s housing and communal service facilities. On the other hand, it is a simple tool for the making
of effective management decisions by power structures, as it uses data which are available on a
regular basis.

Keywords: housing and communal services; development; urban facilities; road map; strategy;
end-to-end technologies; artificial intelligence

1. Introduction

Currently, half of the world’s population lives in cities and consumes three quarters of
the world’s resources [1]. Many of the modern capitals that play a dominant role in the
life of individual countries can be called cities of global importance, due to their decisive
contribution to the political, economic and social life of not only individual countries but
the whole world.

The urban population growth projected over the coming decades is expected to lead
to an increase in urban problems that are interconnected and complex.

Among the most important, promising problems are the problems of urban infras-
tructure, covering the main critical sectors of life: transport, energy, digitalization, waste,
housing, and communal services. The relevance and complexity of solving problems re-
lated to the creation of sustainable urban infrastructure is often due to the complex nature
of the organizational and economic relationships that arise during the functioning of its
various elements [2].

“Sustainable development” is interpreted today as development that “meets the needs
of the present without compromising the ability of future generations to meet their own
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needs.” [3]. It should be noted that the combination of “sustainable development” was
criticized by several scientists [4] as being contradictory in nature. Nevertheless, this
term has become entrenched in political and scientific use to denote the balanced growth
and development of humanity in interaction with the environment. In the resolution of
the UN General Assembly No. A70/L.1 “Transforming our world: the 2030 Agenda for
Sustainable Development” dated 25 September 2015, 17 sustainable development goals
were identified, covering various aspects [1]. Among them, goal number 11 stands out: “To
make cities and towns inclusive, safe and sustainable.” To this end, the task of creating a
stable living environment for the Russian Federation, set at the global level, began to be
solved immediately. In December 2016, Rosstat became a member of the Interdepartmental
Working Group under the Presidential Administration of the Russian Federation on Climate
Change and Sustainable Development (IWG). Under the IWG, chaired by Rosstat, a Group
of Experts on Information and Statistical Support for Monitoring Sustainable Development
Goals was created. As a result, systematic work is underway in Russia to create conditions
for the improvement of the quality of life and housing conditions of citizens. In this regard,
we will consider the housing and communal service industry, which today occupies a
leading role in the formation of a sustainable urban environment through the quality of the
provided housing and communal services, and the management of housing and communal
service facilities.

The analysis of the housing and communal services industry for the period from 1990
to 2020 showed that it does not meet the needs of the population in the main aspects [5].
The results of a study conducted by RIA NOVOSTI on the eve of the Day of Housing
and Utilities Workers in 2020 states that the quality of housing services in Russia is not
acceptable for 73% of respondents. Every fourth citizen of the Russian Federation (24%)
assessed the activities of this sphere satisfactorily, and only 3% of the citizens had no
complaints about housing and communal services, and were absolutely satisfied with its
services [6-9].

However, when analyzing the housing and communal service industry, special atten-
tion should be paid to housing and communal services, in particular residential real estate,
which is part of the basic needs of the country’s citizens. It is the satisfaction of the need
for housing that is the starting point of the country’s economic development, as there is a
direct relationship between labor productivity and the quality of housing. The able-bodied
population—having the opportunity for normal, good rest, communication with family,
and a comfortable life—more successfully copes with their responsibilities, and therefore,
significantly affects the growth of the country’s GDP.

Therefore, when managing the functioning of housing and communal services, it is
important to pay special attention to housing and communal services, which are designed
to meet the housing needs of people in various forms [10]:

(1) aroom, apartment or individual residential building realizes the possibility of indi-
vidual arrangement of space for a person or an individual family and the creation of
household amenities inside residential premises, forms close interpersonal contacts of
close people, and provides housing benefits for an individual household;

(2) anapartment building or a group of houses (complex) with an adjacent green area-
allows one to make decisions together with neighbors and take specific actions to
equip one’s home and yard, and to create household amenities in common areas,
determine the conditions for the personal communication of people, and provide
housing benefits for those living in this house or complex.

We should note especially the state of living quarters today, in the era of the fourth
industrial revolution and digital technologies, when robots can monitor the supply of
water and electricity, and the analysis of the technical condition of capital construction
facilities can be carried out using quadcopters or digital twins. It is during this era in
the Russian Federation that the level of emergency and dilapidated housing, i.e., housing
not suitable for normal life, continues to grow. According to Rosstat, in Russia, at the
end of 2018 there were more than 101,000 buildings (about 25 million square meters) of
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dilapidated housing with more than 70% depreciation, and with 66-70% depreciation, i.e.,
more than 231,000 buildings (82 million square meters). Residential buildings recognized
as emergency (that is, requiring demolition) at the end of 2018 already covered 12 million
square meters. In order to relocate from unsuitable housing, a new house is needed, but
the growth rates of budgetary construction projects are extremely small, and do not allow
the provision of the required volume of residential premises; commercial housing does not
correspond to the solvency of the country’s population (Figure 1) [9,11].

-o-Dynamics of the average per capita population income, in rubles

o-The minimum wage, in rubles

o-The value of the subsistence minimum, in rubles 48,634

-o-Average actual cost of 1 square meter of the apartment total area in an
apartment building, in rubles.
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Figure 1. Characteristics of the population’s standard of living and the average actual sq m total area
of residential building construction costs (compiled by the authors based on [9,11]).

On 7 May 2018, the President of the Russian Federation, VV Putin, issued a decree “On
the national goals and strategic objectives of the development of the Russian Federation for
the period up to 2024” [12-14], which, in particular, spoke about the acceleration of emer-
gency housing resettlement. Large-scale resettlement will be carried out within the project
“Housing and Urban Environment” (Figure 2), on which the Russian authorities intend to
spend over 1 trillion rubles in six years. The problem concerns almost all regions except
Moscow. All other regions, for these purposes, are provided with more than 35 billion
rubles annually from the federal budget within the framework of the national project.
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Figure 2. The schedule of emergency housing resettlement in the period from 2008 to 2018, and the
planned resettlement from 2019 to 2024 according to the passport of the national project “Housing
and Urban Environment” (compiled by the authors based on [9,11,14-16]).

However, as practice shows, not all regions of the Russian Federation succeed in
fulfilling the Presidential Decree; in particular, the Pskov region and the Republic of Sokha
became “anti-leaders” in the implementation of the federal project “Ensuring a sustainable
reduction in the unsuitable for housing stock” under the Housing and Urban Environment
Program as of 1 October 2021, according to the Fund for Assistance to Housing and Ultilities
Reform [14]. This is due to the three reasons discussed below.

Firstly, when analyzing the dilapidated housing stock, the rates of its growth due to
the transition of dilapidated houses to the status of emergency ones are not taken into
account. This growth averages about 2.3 million square meters per year. However, as 2017,
Rosstat [9] stopped publishing data on dilapidated housing, which does not allow us to
see an objective picture of the ongoing process, or to quickly assess the situation in the
country according to this indicator. As a result, the volume of new residential real estate
commissioned annually began to lag behind the rapidly growing volumes of emergency
buildings and structures. In general, the balance of emergency and new housing in the
country was upset (they should be equal);

Secondly, the efforts of the authorities towards the relocation of dilapidated housing
stopped activities in relation to dilapidated housing and communal service facilities. As
a result, a new disproportion appeared in the housing sector: a disproportion among the
reproduction forms of capital construction objects. This is manifested in the significant
predominance of new construction in comparison to other forms of housing renovation. A
huge gap between the forms of reproduction of housing in general has been characteristic
of the housing construction market in Russia for a long time. As such, in 2000-2019, in the
structure of housing reproduction, the reconstruction of the housing stock accounted for no
more than 1.3%, and major repairs accounted for no more than 12.9%, while the share of
new construction in housing reproduction was no less than 86.7%. In 2019, in Russia, the
share of new construction in the structure of reproduction of the housing stock was 84.7%,
major repairs were 15.1%, and reconstruction only made up 0.1% (Figure 3) [9,17-19].
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Figure 3. The structure of the housing stock renewal in Russia by reproduction methods (calculated
by the authors according to [9,17-19]).

Thirdly, it is extremely important to ensure the continuity of the citizen resettlement
processes from emergency housing stock and the renovation of dilapidated housing, as
well as to continue systematic work on all projects for the modernization of facilities and
systems in the housing and communal sector. This is hindered by the lack of constant
contact and the coordination of actions between the citizens, government services and
intermediary (resource supplying) organizations. Thus, recognizing a house as emergency
is a matter of life and death for citizens. However, for municipal authorities, this is just a
medium-term decision-making task with a high probability of transferring it to a long-term
one, as, on the one hand, the “queue” of those in need of resettlement is only growing
every year, and it is difficult to respond to all claims; on the other hand, indicators of the
examination of a dilapidated building can be revised if, for example, the house was not
recognized as dangerous to the life and health of citizens (Resolution of the Government
of the Russian Federation of 28 January 2006 N 47). At the same time, resource-supplying
organizations reduce their client portfolio, receive less planned profits, and do not have
time to quickly revise their costs and increase the amount of utility bills for the remaining
consumers [20].

In order to solve the problems identified above, various tools of the state management
of housing and communal service facilities are used today.

The state management instruments of housing and communal services in the Russian
Federation can be divided into two groups [21-23]:

1. The general government management instruments. These are aimed at managing
the housing and communal service sphere of the country at the federal and regional levels.
These instruments include: the legislation of the Russian Federation, federal and regional
target programs of socioeconomic development, tariffs for housing and communal services,
and strategies for housing and communal service development, etc.
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2. Local government tools. These are aimed at managing state enterprises, institutions,
and organizations in the housing and communal service sphere. The instruments of this
group include regulations governing the activities of state authorities, charters of state
unitary enterprises and state institutions, and the creation, reorganization and restructuring
of state enterprises, institutions, and organizations, as well as their personnel management.

The main government management instruments for the management of the housing
sector in Russia is “The Strategy for the Housing sphere Development of the Russian
Federation for the Period up to 2025” [14], developed by the Construction Ministry, Housing
and Communal Services of the Russian Federation.

In turn, “the Strategy for the Housing sphere Development of the Russian Federation”
has its own implementation instruments. The main instruments for the implementation of
the strategy are listed below:

(1) mortgage lending is the main instrument for acquiring home ownership;

(2) commercial rental housing is an instrument for both the short-term and long-term
solution of the housing issue;

(3) non-commercial rental housing is an instrument to support socially priority categories
of citizens;

(4) mortgage-backed securities are an investment instrument that provides an investment
yield higher than federal loan bonds;

(5) instruments for the changing of the urban environment are instruments that have a
direct impact on the achievement of the goals of forming a balanced ratio of supply
and demand in the Russian housing market;

(6) standards for the integrated development of territories are an instrument for the
transformation of cities;

(7)  the “State information system of housing and communal services” (GIS housing and
communal services) is an important instrument of government management in the
field of housing and communal services. This system was created back in 2014 by the
Federal Law of 21 July 2014 No. 209-FL “On the state information system of housing
and communal services”, and worked in test mode until 2017 [24]. GIS Housing and
Communal Services is an information portal where one can create electronic voting
on any issues related to the management of apartment buildings.

These instruments should help in solving the main task of the Russian Federation
housing policy: providing the population with affordable housing in a comfortable urban
environment [14].

However, there is a global difference in the composition of this toolkit in the Russian
Federation and in foreign countries. This difference is mainly due to the rights of homeown-
ers. In international practice, the priority in making decisions regarding the management of
a residential building belongs to the owners [25-30]. These overseas homeowners unite in
a non-profit consumer organization. This organization unites owners of real estate objects
or shareholders. This organization’s purpose is to manage the complex of the real estate,
and to ensure the operation of this comple and the possession, use and disposal of property.
The homeowner’s association has become a generalizing concept of housing cooperation
in various legal forms, such as Planning Unit Developments, Condominium Associations,
and Housing Cooperatives in the United States and Canada; syndicates in France; and
apartment joint stock companies in Finland [22,31-33].
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In European countries, residents themselves monitor the house condition and receive
financial support from the authorities. For example, in Germany, France and Holland,
people have the right, in agreement with the municipality, to build (including with the
involvement of investors) an object of shared ownership on their land plot, and to save
money for overhaul during the operation [28,29,34]. Furthermore, in some countries, there
are a state grants system and subsidies for major repairs of houses: they provide the
authorities with a project of work, and, if it meets the approved criteria, they receive state
aid [29,35-38].

The best world experience in the management of housing and communal services and
housing construction belongs to Germany. Here, the townspeople themselves can act as
customers for the construction of a residential building [28].

The French system of housing and communal service management is designed in such
a way that about 60% of the townspeople can obtain social rental housing in multi-story
buildings owned by the municipality. That is, residents are not at all burdened with worries
about their own apartments. Instead, they gain confidence in the future and mobility:
they choose a place of residence based on their professional interests. At the same time,
social rental housing there is of higher quality than commercial housing. Municipalities are
responsible for its renovation, and it is not profitable for them to save money during the
construction phase, as this will lead to high costs in the future [39,40].

However, the most effective tools for changing the urban environment today are
digital technologies in the foreign practice of housing and communal service management.

At present, intelligent systems are rapidly developing, and everywhere take the
place of traditional information processing and control systems. The most significant
successes have been achieved in the development of expert systems, intelligent systems
for diagnostics, forecasting, planning, management, decision support, design, information
retrieval, and the processing of natural-language information. Such systems are created
using intelligent technologies, including software and hardware for the implementation of
intelligent methods and algorithms [41,42].

A special place was given to the development of intelligent learning systems based
on logic and neural networks, as well as cognitive systems that use the principles of
the organizing structure, functions and behavior inherent in the human nervous system,
possessing the ability, in particular, to accumulate knowledge in the process of functioning,
and even to solve some creative problems. On this path, intelligent technologies become
biological, which can significantly accelerate the development of intelligent systems.

Artificial intelligence can simplify and accelerate the process of the interaction between
all of the participants in the management of housing and communal service facilities. It is
the most popular disruptive technology in the digital marketplace around the world in the
21st century. It makes any activity more productive and smarter by integrating machine
learning algorithms into various products and services. The global Al market is expected
to reach $93.53 billion in 2021 [43,44].

Capgemini Research Institute, Intelligent Automation in Energy and Ultilities, con-
ducted the study “The next digital wave” in 2019. This study was devoted to the assessment
of the implementation of artificial intelligence in housing and communal services. The
study involved 520 companies from 16 countries. The Al technologies included in this
study were speech recognition, natural language generation, context-aware computing,
biometrics, image and video analysis, machine and deep learning, swarm intelligence, and
chatbots or voice bots [26].

The study results showed that the dynamic growth in the number of companies
developing Al solutions for housing and communal services began in 2015. The leaders
in the development of Al in housing and communal services are North America and the
EU, but the countries of the Asia-Pacific region, given their growth rates, may become
new leaders by 2025. The implementation of Al in the housing and utilities sector of
large cities around the world is usually not an industry priority for urban Al development
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initiatives [26]. Implementation takes place pointwise, depending on the problems of the
city’s development. Most Al projects are in the pilot phase.

The study noted that the most attractive areas for investment are groups of solutions
focused on B2C or B2B2C segments (smart home systems, platforms, and applications for
providing services to residents). Investors’ interest in systems for the monitoring of the
state of engineering infrastructure is also high [26].

The analysis of international experience shows that the basis of successful cases for
the introduction of digital technologies is the creation of a basic infrastructure (sensors for
the collection of data, platforms for their processing), as well as a high involvement of the
authorities and residents of the city [45-48]. Leaders develop the sector by stimulating data
sharing. However, Russia, in terms of most indicators, except for the high development
of communication networks and 4G/5G penetration, is inferior to other countries in the
world in terms of infrastructure development for the implementation of Al in housing and
communal services [49]. As a result, the introduction of digital technologies is not yet a
priority for the housing and communal services sphere of the Russian Federation, and is
not included in the “Strategy for the development of housing and communal services until
2030” [26].

However, the solution to the above problems of housing and communal services is
mostly associated with the use of digital technologies [49]. The inclusion of the procedure
for the introduction of digital technologies into the basic tools of public administration
could seriously change the general condition of housing and communal service facili-
ties. The combination of artificial intelligence machines and human workers can increase
productivity and reap huge benefits in this field.

As evidence of this trend, consider two options for the renovation of the housing stock
in Russia: (1) using digital technologies, and (2) without using modern digital technologies
(see Figure 4). It can be seen from the schedule that the use of artificial intelligence and
digital technologies will increase the annual commissioning of housing in 5 years by 50%.

5111.4114.4117.4

1 97.6 100.1102.8105.6108.

80 82.3 84.4 86.4 88.4 90.5 92.8 95.

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Years

Figure 4. Dynamics and forecast of the housing stock commissioning volume in relation to 2008 with
and without the use of digital technologies, as a percentage (calculated by the authors according
to [9,50-53]).
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This forecast (Figure 4) was compiled on the basis of the implementation results
of digital technologies in several Russian regions and cities (Sakhalin Oblast, Udmurt
Republic, Belgorod Oblast, Moscow, Nizhny Novgorod) [25]. In these Russian Federation
constituent entities, digital technologies were next applied for the implementation of
construction projects, e.g., the processing of digital technology of tender applications based
on artificial intelligence, the technology for obtaining a digital construction order based
on the use of online neural network video analytics to identify defects, etc. This has led to
serious positive changes. Most of the processes have accelerated 5-10 times (preparation of
documents, logistics of resources, training, etc.), and the cost of some types of work has
decreased by 20-30% [26].

Summing up the issue of the relevance of the formation of management initiatives
by creating conditions for the sustainable development of housing and communal service
facilities based on the interconnection of the activities of all of the participants in this
process and the use of modern digital technologies, it is important to note that work in this
direction should take into account all of the existing industry problems and all of the stop
factors and opportunities for their development [26]. Therefore, the scientific hypothesis
of this study lies in the assumption that, for the sustainable development of urban objects
facilities, it is possible to:

- formulate criteria for the assessment of the sustainable development of urban agglom-
erations;

- develop instruments for the management and assessment of the housing and commu-
nal services state, which at all of the stages of the sustainable development strategy
will make it possible to form an up-to-date database of capital construction objects
suitable for living.

Research objectives:

1. Analyze the current state of the housing and communal services industry in the
Russian Federation in terms of the sustainable development concept of territories.

2. Assess the needs of the housing and communal service industry in the use of digital
technologies.

3. Clarify the use of digital technologies in the management of the capital construction
of housing and communal services.

4. Clarify the methods for the assessment of the development of cities and urban
agglomerations.

5. Determine the criteria list that characterizes the sustainable development of housing
and communal services.

6.  Form organizational and analytical model for the assessment of the quality of the sus-
tainable development of housing and communal service capital construction objects.

7. Determine the sustainable development goals (results) of urban agglomerations in
the Russian Federation.

8. Form databases of housing and communal service objects suitable for habitation, consid-
ering the form of their reproduction (new objects, operated objects, dilapidated objects).

9.  Develop a strategic roadmap for the sustainable development of object housing and
communal services for the period 2021-2035, indicating the periods of implementation
of digital technologies used in the management of housing and communal services
capital construction objects.

In order to conduct the study, the following methods were used: the system analysis
method, infographic modeling, aggregation, the process optimization method, synthesis,
retrospective analysis, and forecasting.
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2. Materials and Methods

An analysis of the housing and communal service industry showed that the main
problem facing the state sector is the rapid growth of dilapidated housing. The government
management tools used do not enable the control of this process. International practice
shows that it is necessary to solve such a problem in a comprehensive manner. First, we
need to progress and clarify general management tools for the housing and communal
services sector of the country at the federal and regional levels [26]. Secondly, we need to
modify old and create new local tools aimed at managing state enterprises, institutions,
and organizations in the housing sector [54-56].

In order to solve the described problem, the authors of the study consolidated the
following methods and end-to-end digital technologies based on artificial intelligence:
(1) general methods of infrastructure facilities system analysis in some large cities and urban
agglomerations; (2) infographic modeling; (3) intelligent decision support systems (decision
intelligence); (4) methods of optimizing work within the urban ecosystem (automatic
systems); (5) production optimization methods using artificial intelligence by automating
data, model and application updates (artificial intelligence engineering /Al engineering).

2.1. General System Analysis Methods of Some Large Cities and Urban Agglomeration
Infrastructure Facilities

All of the existing methods for the assessment of the development of cities and urban
agglomerations can be divided into two types, depending on the purpose and scope of the
study: “universal”, aimed at assessing the development of large cities and agglomerations
masses within a country or macroregion (hereinafter referred to as methods of the first
type), and “individual”, allowing the assessment of the development of one or more specific
cities or agglomerations (hereinafter referred to as methods of the second type) [57,58].

The methods of the first type are more numerous. Their advantage is their relative
simplicity of use. However, the flip side of these advantages is ignoring the internal
structure of agglomerations (except, in some cases, the delimitation of the core and the
periphery) and the variety of processes occurring in them. Such techniques are based on
several basic indicators related to the agglomeration as a whole, which is thus interpreted,
if not as a point, then, at best, as an aggregate of the nucleus and a peripheral zone that
is homogeneous in terms of its characteristics. In addition, the universality requirements
force the use of publicly available official statistics in the calculations, the set of which
is limited, and the degree of reliability (especially in Russia) is often low. This imposes
additional restrictions on the applicability of first-type techniques.

In Russian practice, the best known methods of this type were developed in the
1970-80s by the Central Scientific Research Institute of Urban Planning and the Institute of
Geography of the Academy of Sciences of the USSR. They are similar in the approaches
and methods used, but differ in their details [59].

The development of the agglomeration is assessed in these methods by calculating
a special coefficient. In the methodology of the Institute of Geography, the coefficient of
development considers the values of the population of cities and urban-type settlements in
the agglomeration, and their share in the population of the agglomeration.

In the methodology of the Central Scientific Research Institute of Urban Planning, a
similar coefficient is calculated as the ratio of the urban settlement number in an agglomer-
ation to the product of the agglomeration territory area and the shortest distance between
urban settlements in the agglomeration. In addition, in this technique, along with the
development coefficient, the so-called agglomeration index is used, i.e., the ratio of the
peripheral zone urban population to the entire agglomeration urban population.

Thus, both described approaches to the assessment of the development are based on
the indicators of the settlement system, i.e., the population size, number, and population
density of settlements, and—in the case of the Central Scientific Research Institute of Urban
Planning methodology—density characteristics. According to these methods, the only
indicator of internal connectivity within an agglomeration is transport accessibility.
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In the post-Soviet period, individual researchers turned to the task of developing
a universal integrated system of indicators for the assessment of the development level
of agglomerations, but agglomerations were still most often regarded as territories that
were homogeneous in their characteristics. Foreign experience in the assessment of the
level of agglomerations development is richer, and often approaches the assessment of the
agglomeration effect in the economy. However, the methods used by foreign researchers
also, for the most part, involve the calculation of indicators and indices for agglomerations
without taking into account the properties of their individual parts.

For example, Uchida and Nelson used three criteria in their proposed Agglomeration
index of territories: the population density of the territory (urban area), the population of
the core city (large city center), and the temporary accessibility to the core city [60-62].

Another example is the Sustainable Development Index calculated for US metropolitan
areas. It includes 16 sustainable development parameters and sub-parameters, initially
presented either as a percentage or in per-capita units. Each parameter is normalized so
that it can be represented in the range from 0 to 100 using Formula (1) [63]:

x —min(x)

v = max(x) — min(x) x 100, )

where X’ is the final normalized parameter value, x is the actual parameter value, and
min(x) mmax(x) are the maximum parameter values for the entire sample.

Thus, the agglomeration with the best value of this parameter recieves 100 points, and
the worst one receives 0. In some cases, the indicators are additionally standardized for
the upper and lower boundaries; for example, if target values are set for an indicator at
the national level, then all of the agglomerations with higher values of these parameters
receive 100 points, and the rest are normalized relative to the target value. The final index
is determined based on the arithmetic mean for all of the parameters for each metropolitan
area. However, the method does not consider the variation of the parameter values across
the agglomeration territory.

The methodology for the assessment of the development of agglomerations in Ger-
many works in a similar way. The assessment is based on 26 particular indicators, which
are aggregated into 5 complex indices. Within each indicator, a ranking is built among all
of the agglomerations; then, the ranking is performed again for each index, taking into
account the rating by indicators within this index. The final “rating” (from 1 to 12) is
graphically displayed on the corresponding axis of the pentagonal chart [64].

In the same relatively few cases, when researchers in one way or another assess the
relationship between the municipalities of the agglomeration, the object of assessment is, as
a rule, not the development of the agglomeration as a complex characteristic, but particular
aspects of the agglomeration’s functioning.

As an example, the Sprawl Index [41,65-67] is calculated for metropolitan areas of the
United States in order to assess the degree of their extensive growth (“sprawl”). This index,
however, considers such parameters as the connectivity of the street network, building
density, and a variety of land uses. In this regard, we can also note the experience of the
calculation of the Conurbation Index, evaluating (using the example of the Porto Alegre
agglomeration in Brazil) the transport connectivity of the agglomeration parts among
themselves and comparing it with the overall connectivity within the agglomeration [68].

In a few methods, in addition, indicators for the agglomeration as a whole and for the
central city are calculated separately, which makes it possible to indirectly assess the role of
the center in the agglomeration. An example is the city prosperity index, calculated for large
cities and metropolitan regions (agglomerations) of the world according to the UN-Habitat
methodology, based on weighted and scored values of private statistical indicators [69].

Techniques of the second type (“individual”) are opposite to the techniques of the first
type in terms of advantages and disadvantages. The enlarged scale of the study makes it
possible to study in detail the structure of the agglomeration in all of the variety of ongoing
processes and not be limited to official statistics, using non-standard and sometimes costly



Sustainability 2022, 14, 37

12 of 26

methods of collecting information (sociological surveys, visual observations, analysis of
“big data”, etc.). But this is precisely why such techniques are clearly applied in nature and
work only for specific agglomerations, being limitedly applicable to others. As a rule, the
methods of the second type use “thin” tools, and allow us to identify the real boundaries
of the agglomeration with high accuracy, regardless of the network of administrative
(municipal) units [59].

Research carried out by the methods of the second type has become widespread in
Russia only in recent decades. This is due to the emerging demand from both society and
the state to develop mechanisms for the management of the development of agglomera-
tions. Such mechanisms cannot be developed without obtaining a detailed understanding
of the boundaries, structure and nature of the agglomeration development. The most
famous are the studies of the Irkutsk and Chelyabinsk agglomerations, carried out with the
involvement of a wide range of experts from all of the over the country.

The results of the latter formed the basis of the monograph [70], which, along with
a detailed analysis of the Chelyabinsk agglomeration, contains a systematic review of
the theory and practice of managing the development of agglomerations abroad and in
Russia. It is important to note that within the study, the authors did not stop at specifying
the boundaries of the Chelyabinsk agglomeration, but approached the problem of the
assessment of its development, precisely from the standpoint of its internal structure. Thus,
the specialization of territories within the agglomeration was determined, and the so-called
“integral development potential” was calculated (the integral development potential is
formed, according to the presented methodology, by the “index of the achieved level of
economic growth” (calculated on the basis of official statistics) and “development resource
index” (determined on the basis of expertly evaluated indicators characterizing the admin-
istrative status, transport potential and the state of the economic and legal environment of
the municipality) for each of the municipalities included in the agglomeration.

2.2. Infographic Modeling

Infographic modeling is an approach to construction design that allows one to visually
perceive the image of a capital construction object. It can consider infographics as a
visual interpretation of all of the kinds of data on the objects in question. Moreover, the
quantitative or qualitative nature of the criteria describing capital construction objects does
not matter [71-73].

In order to describe the complex interaction of all of the subjects of the housing and
communal services system, infographics are the most effective tool, as they take into account
different approaches to the formation of descriptive criteria for each subject of the housing
and communal services system, and have no boundaries in relation to their dimensions.

2.3. Intelligent Decision Support Systems (Decision Intelligence, Autonomic System)

Intelligent Decision Support Systems (IDSS) are decision support systems that use
artificial intelligence (AI) extensively. Al is a technique that allows machines to simulate
human behavior. Artificial intelligence is the theory and design of computer systems capa-
ble of performing tasks normally requiring human intelligence, such as visual perception,
speech recognition, decision making, and translation between languages. Decision intelli-
gence (DI), or an intelligent decision-making system, is a modern approach in which the
decision-making process is carried out with the help of additional analytics and artificial
intelligence [46,74-78]. This approach enables leaders to make faster, more accurate, and
consistent decisions based on analytics of complex data and the aggregation of all of the
disparate stores within the organization. The goal of DI is also to maintain “explainability”
with a clear emphasis on easy understanding and accessible meaning for each process of the
organization in question. The decision analytics that this technology implements are largely
action-oriented, and go beyond data analysis, as this allows one to make suggestions and
recommendations on what to do for the manager in the future [79,80]. In fact, DI makes
decisions on a par with the head, and, therefore, has a clear advantage in the management
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of the city’s housing and communal services, as the latter presupposes the interconnection
of large-scale databases of subjects and objects of the urban economy, and their constantly
changing and newly emerging characteristics [46,81,82].

The second type of intelligent decision support systems that is actively used today in
the work of a manager is the Autonomic System (AS) or autonomous systems. They
are physical or software systems that are automatically trained on data from the en-
vironment and modify their own algorithms to optimize their performance within the
ecosystem [83-87].

For the purposes of this study, the most interesting ecosystem is artificial intelligence,
which is an attempt by humans to exploit the electronic, digital, or mechanical advantages
of artificial intelligence technology to reduce the speed at which persistent and repetitive
actions are performed.

2.4. Optimizing Production with Artificial Intelligence by Automating Data, Model and
Application Updates (Artificial Intelligence Engineering/Al Engineering)

Artificial intelligence engineering is one of the new directions in the development of
Al focusing exclusively on the creation and development of intelligent tools, machines
and systems to improve the living standards of society. Al Engineering covers a wide
range of computing powers and massive datasets with the integration of machine learning
algorithms. This approach helps businesses to create smart decision-making processes to
meet customer needs and increase customer engagement. Engineering expertise is essential
to effectively create, manage, and analyze Al functions [88-90].

Combined with data analytics, Al and machine learning facilitate predictive analytics:
a technique that can provide predictions for strategic goals like business planning, or
for practical applications like predictive maintenance. These technologies, embedded in
software, can lead to the creation of expert systems that assist practitioners in fields such as
medicine, exploration, and military applications [91-95].

What is artificial intelligence engineering? Essentially, artificial intelligence engi-
neering is the use of algorithms, computer programming, neural networks, and other
technologies in the development of artificial intelligence applications and methods. These
methods and applications usually find practical application in commerce, science, and
other areas of life [96-100].

Therefore, an artificial intelligence engineer must be able to efficiently extract data
from various sources, design algorithms, build and test machine learning models, and then
deploy those models to create Al applications that can perform complex tasks.

Al engineers can quickly add machine learning capabilities to mission-critical systems
such as enterprise resource planning (ERP), customer relationship management (CRM),
and mobile device management (MDM). They can also develop ad-hoc applications using
artificial intelligence with the required level of security from scratch [47,92].

Artificial Intelligence Engineering enables organizations to build hybrid operating
environments that combine data science, data engineering, and software development.

Depending on the industry, Al engineers also work with other Al and IT professionals
to facilitate data management and process automation across the enterprise [101,102]. For
example, in manufacturing, Al developers work closely with electrical engineers to develop
software that builds artificially intelligent robots. In retail and other sectors, Al engineers
develop machine learning models and collaborate with data scientists to manage large and
complex datasets that enable predictive analytics [103,104]. At the strategic level, business
intelligence (BI) developers design, model, and analyze complex data to identify industry
patterns and market trends [54,105-108].

The consolidation of all of the above methods and approaches to the management and
assessment of individual elements of the urban economy or urban agglomeration allowed
the authors of this study to form the author’s organizational and analytical model for
the identification and assessment of the quality of the sustainable development of capital
construction reproduction forms of housing and communal services (Figure 5) (capital
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construction objects are understood as buildings, structures, objects of construction in
progress, and linear objects). Capital construction objects have the following main features:
a strong connection with the ground, a buried foundation, and the inability to move them
without causing disproportionate damage to their purpose [109]. It is important to note
that this model is both quantitative and qualitative. It involves a multidimensional study
of all of the capital construction objects” reproduction forms in housing and communal
services, considering their condition at the time of the strategy formation’s beginning,
i.e., ex post analysis of housing and communal service objects for 2021. By analogy with
macroeconomic analysis, ex post is an analysis of statistical data on the object under study
or a set of objects. This analysis allows us to assess the current state of the object under study,
identify problems and negative phenomena in its functioning, develop a policy to solve and
overcome them, conduct a comparative analysis of similar housing and communal service
objects located in other cities, and predict their state in the future (foresight analysis until
2035). Within the framework of this study, foresight analysis (foresight forecast) is a system
of methods for the expert assessment of the strategic directions of the socioeconomic and
innovative development of cities, identifying technological breakthroughs that can affect
their economy and citizens in the medium and long term [40]), and their desired state in the
future. The ex ante analysis of housing and communal services until 2024 and until 2027,
by analogy with ex ante macroeconomic analysis, allows for the future-state predictive
modeling of the object under study or a set of objects based on certain theoretical concepts
and applied experience. This allows one to determine the patterns of development of
housing and communal services, and to identify the cause-and-effect relationships between
their changes and the sustainable development of cities. In addition, this approach makes
it possible to introduce modern digital technologies based on Al into the implementation
of the proposed strategy, and to form progressively a sustainable urban ecosystem.

The housing and communal services development object analysis in the city at different stages |
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Figure 5. Organizational and analytical model of the identification and quality assessment of the
sustainable housing and communal service object development of the municipal economy (compiled
by the authors).

According to Figure 5, under the sustainability of housing and communal service
object development of the municipal economy, the authors of the study understand such a
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state of the objects under consideration, which is characterized by the following integral
list of properties that exist simultaneously:

(1) an aggregated list of indicators for the housing and communal service object devel-
opment of the city > an aggregated list of indicators for the housing and communal
service object development of the analogous city;

(2) the desired state forecast of the city’s housing and communal service objects (integral
development potential) = «the economic growth achieved level index» (calculated
based on official statistics) + «development resource index» (determined on the basis
of expertly evaluated indicators characterizing the administrative status, transport
potential and state of the economic and legal environment of the municipality));

(3) the comfort level of the urban ecosystem, which depends on the constant monitoring of
the types of objects of housing and communal services in the aspect of the prospects for
their transformation into one of the capital construction objects” reproduction forms;

(4) the effective collegial management decision of the executive authorities, the state
authorities of the constituent entities of the Russian Federation, and local government
bodies, formed using the ecosystem approach. This is a strategy for the integrated
management of land, water and living resources that promotes their conservation and
sustainable use in an equitable manner. It is based on the application of appropriate
scientific methodologies focused on levels of biological organization that encompass
the basic processes, functions and interactions between organisms and their environ-
ment, and end-to-end Al technologies for projected infographic models of municipal
housing and communal service management.

3. Results

In order to apply the organizational and analytical model described above when
developing a strategy for the sustainable development of housing and communal service
object development (see Figure 5), the authors proceed from the assumption that the
sustainability of the city depends both on the material and physical objects of housing and
communal services, and on the social and environmental components of such a complex
and dynamic structure as a modern city, as the sustainable development of each individual
city should go along with the provision of both the national direction towards sustainability,
and the global trend, which was set in 2015 by the UN General Assembly Resolution No.
A70/L.1 “Transforming our world: the 2030 Agenda for Sustainable Development” [1].

In order to form a strategic roadmap for the sustainable development of housing
and communal services in the municipal economy strategy of the Russian Federation
(hereinafter referred to as the “roadmap”), the authors of the study selected two world goals
from the UN General Assembly Resolution: No. A70/L.1 [2]-No. 11 and No. 9 (see Table 1).
The selected goals are directly related to the problems of urban infrastructure’s sustainable
development, as they are aimed at achieving conditions for sustainable development
through the joint efforts of governments, the private sector, civil society, and the inhabitants
of the Earth. In Table 1, below, the goals selected by the authors correlate with the goals
of the sustainable development of the Russian Federation at the federal, regional, and
municipal levels [2,12,13,110-112], and the planned macroeconomic results of the road map.
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Table 1. Compliance with the sustainable development goals for the federal, regional, and municipal

levels and the planned macroeconomic results (compiled by the authors).

World-Class
Goal Formulation

Formulation of Sustainable
Development Goals at the
Sectoral Level (Housing
and Communal
Services Industry)

Formulation of Goals for
Sustainable Development at
the Municipal Level (at the
Level of Housing
and Communal
Services Facilities)

Planned Macroeconomic Results
of the Roadmap Implementation

Goal 11.
Make cities and towns
inclusive, safe,
sustainable [2]

Ensuring coordination of the
activities of federal executive
authorities, state authorities of
the constituent entities of the
Russian Federation, local
governments, and
development institutions for
organizational and regulatory
support for accelerating the
development of housing and
communal services in the
Russian Federation [13].

Implementation of end-to-end
digital technologies in the
process of assessing and
managing the city’s housing
and communal
services objects.

Formation of a set of
organizational, regulatory,
and institutional measures

that ensure the development
of housing and communal
services in the Russian
Federation, coordinated in
thematic areas and terms of
implementation [13,20].

Adaptive AI models for
housing and communal
services, capable of
continuously evaluating
digital models of housing and
communal services objects
are creating.

Optimization of approaches to
the development of housing
and communal services due to
the synergistic effect from the
allocation of government
regulation measures
differentiated blocks [13,20].

A housing and communal
services objects digital models
are creating.

Goal 9.

Build resilient
infrastructure, foster
inclusive and
sustainable
industrialization and
innovation [2]

Development of a concept for
the development of housing
and communal services in
Russia as an integral part of
the Strategy for the spatial
development of cities and
urban agglomerations of the
Russian Federation and the
Strategy for the development
of the construction industry
and housing and communal
services of the Russian
Federation until 2035 [2,13].

A virtual organizational and
economic model for managing
housing and communal
services objects for the entire
period of their life cycle is
creating, based on the United
Nations sustainable
development principles.

Creation of conditions for real
residents’ participation in the
processes of housing and
communal services
management [2,13].

The gradual formation period
of a comfortable
urban ecosystem.

Full results:

improving the places of
Russian cities in the Mercer
rating [84] in terms of the
urban environment quality
(quality of the population life):
in 2019, Moscow was in 167th
place, and in 2020, due to
COVID-19, Mercer decided
not to publish the rating;

the entry of 2-3 Russian cities
into the number of world
(global) cities in terms of
parameters/indicators of the
annual survey by Price
Waterhouse Coopers “Cities
of Opportunities” [113];

the digitalization index “IQ of
cities” (The index “1Q of
cities” was developed by the
Ministry of Construction of
Russia in 2019 together with
the Lomonosov Moscow State
University within the
framework of the
departmental project “Smart
City” (national projects
“Housing and Urban
Environment” and “Digital
Economy”) by 2035 (203 cities)
80% for 70% of cities [53];
improving Russia’s position
in the DoingBusiness ranking:
from 28th place in 2020 to
move to the top ten countries
by 2035 [50].

It should be noted that the selected targets for the formation of the “road map” were
considered by the authors of the study only in terms of the development of housing and
communal services in the medium and long term. In order to do this, all of the objects of
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housing and communal services of the municipal economy needed to be divided into three
groups according to the criterion of their suitability for living:

(1) new capital construction objects (NCCO). These are new residential buildings, as well
as new buildings and structures designed to perform various types of production
processes, the storage of products, the temporary stay of people, and the movement
of people and goods [109]. The database on new capital construction objects (Base
NCCO) contains criteria for their investment attractiveness for all of the groups
of stakeholders-IN;, where i € [1; N], and N is the number of criteria for the in-
vestment attractiveness of housing and communal service facilities of the primary
market/primary operation (for utility networks).

(2) exploited capital construction objects (ECCO). These are residential buildings, as
well as buildings and structures designed to carry out various types of production
processes, the storage of products, the temporary stay of people, and the movement
of people and goods. For these construction objects, the effective operation minimum
duration of load-bearing structural elements has expired. This duration is determined
in Appendices 2 and 3 to the Order of the State Committee for Architecture of the State
Construction Committee of the USSR of 11/23/1988 N 312 [114]. The database on
exploited capital construction objects (Base ECCO) contains the criteria for their invest-
ment attractiveness for all of the groups of stakeholders-IEy, where k € [1; M], and M
is the number of criteria for the investment attractiveness of housing and communal
service facilities of the secondary market/permanent operation (for utility networks).

(3) dilapidated capital construction objects (DCCO). These are new residential buildings,
as well as new buildings and structures designed to perform various types of pro-
duction processes, the storage of products, the temporary stay of people, and the
movement of people and goods. The state of the structures of these objects, as a
result of high physical wear and tear, ceases to meet the specified operational require-
ments [114]. The database on dilapidated capital construction objects (Base DCCO)
contains criteria for their accident rate for all of the groups of stakeholders-ID,, where
g € [1; G], and G is the number of criteria for the accident rate of housing and commu-
nal service facilities of dilapidated housing stock/dilapidated utility networks.

Furthermore, the construction of the “road map” was associated with the process of
the selected groups of housing and communal service objects reproduction. Each group of
housing and communal service objects were assigned their own forms of reproduction (new
construction, major repairs, current repairs, reconstruction, modernization, demolition in
accordance with the criteria that characterize them (Figure 6 stage 1 and 2). This made
it possible to obtain high-quality databases for all of the groups of objects of housing
and communal services of the Russian Federation: Base NCCO = {IN;}—new housing
and communal service facilities; Base ECCO = {IE;}—exploited objects of housing and
communal services; and Base DCCO = {IDy}—dilapidated objects of housing and communal
services (Figure 6 stage 3).
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Figure 6. Detailing the formation of a database process to create a strategy for the sustainable
development of housing and communal service objects (HCS) (compiled by the authors).

The obtained databases were used to distribute housing and communal service objects
according to future possible forms of reproduction (see Figure 6 stage 4). As a result,
the databases of housing and communal service facilities were predicted considering
their forms of reproduction (see Figure 6 stage 5). Furthermore, the forecast databases
were distributed over the planning periods necessary for the formation of the “road map”
(Figure 6, stage 6). All of the planning perspectives are associated with individual stages of
the roadmap proposed by the authors (see Figure 7).
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Figure 7. Strategic roadmap for the sustainable development of housing and communal service
objects for the period 2021-2035 (compiled by the authors).
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The short term (SR, short planning time) is from 2021 to 2024 (SR = 3 years). During
this period, an ex post analysis of the city’s housing and communal service facilities is
carried out (see Figure 5). The medium term (MR, medium planning time) is the period
from 2021 to 2027 (MR = 6 years). During this period, an ex ante analysis of the city’s
housing and communal service facilities is carried out (see Figure 5). The long-term period
(LR, long-term planning time) is the period from 2021 to 2035 (LR = 14 years). During
this period, foresight analysis or foresight forecast is carried out for the city’s housing and
communal service facilities (see Figure 5).

The final stage of the database formation process for the creation of a strategy for
the sustainable development of housing and communal service facilities of the municipal
economy was the stage of forming “living” databases of housing and communal services,
which, in fact, will represent in the long-term structured datasets of small, medium, and
large volumes: big data of housing and communal service objects, middle data of housing
and communal service objects, and small data of housing and communal service objects
(Figure 6 stage 7, Figure 7).

The detailing of the process of forming a database for the housing and communal
service objects of the municipal economy is the basis for the “road map” formation based
on the accounting principle for the forms of capital construction objects’ reproduction.

However, the development of the “road map”, in addition to considering the targets
of sustainable development and determining the time perspectives for the creation of
the database, takes place using end-to-end digital technologies. Starting from 2024, for
effective interaction in relation to the housing and communal service facilities of the
authorities, citizens and partner structures, it is planned to create digital models of housing
and communal service facilities based on high-quality databases for all of the groups of
housing and communal service facilities of the Russian Federation (Base NCCO = {INi};
Base ECCO = {IEk}; Base DCCO = {IDg}), which in the long term are modified using big
data of housing and communal service objects, controlled by artificial intelligence.

Thus, the consolidation of modern methods of strategic analysis, methods for the
assessment of the state of urban agglomerations, modern digital technologies, and info-
graphic modeling made it possible to determine the criteria for the sustainable development
of housing and communal service facilities, and to create a roadmap for their sustainable
development strategy for the long term.

4. Discussion

Obviously, the identical management tool, all of the other things being equal, will
work with different efficiency in different cities at different development levels, and will
affect the urban infrastructure sustainability in different ways. Therefore, for the optimal
effective implementation of the proposed initiatives (“road map”), the task of developing a
methodology for the assessment of the level of urban development, including the construc-
tion of an indicator system that allows one to draw practical conclusions in terms of the
adjustment of state and municipal policies, becomes relevant.

The effectiveness indicators for the implementation of the proposed “road map” can be
considered absolutely achieved if, at the same time, we use a city or urban agglomeration,
characterized, for example, by the list of parameters proposed in [115,116] (see Table 2).

An important condition in the formation of such a parameter list is to consider the
effect of using the proposed tools for various stakeholder’s groups. The most popular
approach involves the assessment of the effect obtained in four directions: the economic
effect, the social effect, the technological effect, and the environmental effect [31]. The
authors’ vision of these effects for the main stakeholder groups is shown in Table 3.
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Table 2. Parameters of the investment attractiveness of the municipality [115].
Factors Parameters
Geographical position Profitable
Provision of natural resources and their availability The level of natural resource zggicl);gx;ent is high, and resources are

State of the environment

The ecological situation is normal

The structural diversity of the economy

The structure of the economy is adequate to market requirements

The state and development of the market infrastructure

Infrastructure systems operate quickly and reliably

Development of culture and education of the population

The level of education and qualifications of the population is high and
there are opportunities for training in the necessary professions

Socio-political stability

The socio-political climate is safe

Economic stability

Government controlled production costs are low; there is access to
investment capital and credit resources; assistance to foreign economic
activity is provided by the administration

Interaction of governing bodies with enterprises

Interaction between the city administration and city enterprises is
mutually beneficial and transparent

Information and communication field

The level of equipment with advanced technologies is high

Regulatory and legal environment

The state of economic legislation and regulation does not limit the
development of production

Investor incentive system

The tax system is acceptable and stable

Table 3. The effects from the proposed initiatives for different stakeholder groups (compiled by

the authors).

Stakeholders Groups

Economic Effect

Social Effect

Technological Effect

Environmental Impact

Managing organizations
of housing and
communal services

The contracts cost
optimization for the
supply of utility bills.
Reducing the cost
of maintenance
and overhaul.

Confidence growth of in
the management
organizations work of
housing and communal
services among
the citizens.

Terms of work reduction
by service organizations
performance. The quality
of provided
utilities Improving.

Increase in efficient
waste management
and consumption.

Urban
population/homeowners

The cost of utility bills is
reducing or optimizing.

Satisfaction with living
conditions among citizens
increase. Accessibility
barriers to many utility
services are decreasing.

The procedure for
interaction with housing
and communal services
service organizations
is simplified.

Increase in efficient
management of
consumer waste.

Government

The budget is growing
due to the reduction of
debts on utility bills and
due to the growth of
investment attractiveness
of the regions
for small and

medium-sized businesses.

Increased confidence in
the government sector. A
dialogue is being
established between
citizens, government,
and business.

The number of
emergencies at housing
and communal services
facilities is decreasing.

Introduction and
implementation of the
green economy concept in
the regions. This concept
leads to improved health
and social justice of the
population, as well as to a
significant reduction in
hazardous environmental
impacts and to a decrease
in environmental deficit.

Digital technology
vendors

The revenue and
capitalization of a digital
technology company
is increasing.

The quality of citizens life
is improving.

Digital technologies are
constantly improving.

The pressure on natural
resources is reduced as
their use is reduced.
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In order to clarify the processes of introducing digital technologies (hereinafter referred
to as DT) into the activities of the housing and communal service managing organizations in
the Russian Federation, it is necessary to systematize them. Therefore, the prospects for the
development of this study are associated with a large-scale analysis of digital technologies
used in world practice for the management of capital construction projects in the housing
and communal service sector. The systematization of DT is supposed to be carried out
according to the following criteria:

(1) Developed and applied in practice:

cheap/expensive

free access/limited access

secure for the storage of private data/vulnerable for the storage of private data
easy to implement/difficult to implement

easy to use/difficult to use

(2) Developed, but not applied in practice:

cheap/expensive

free access/limited access

secure for the storage of private data/vulnerable for the storage of private data
easy to implement/difficult to implement

easy to use/difficult to use.

Carrying out the systematization of DT will allow the most correct determination of
the periods and the sequence of their implementation, and will assess the effect of their use
for the main stakeholders of this process.

5. Conclusions

As a result of the research carried out by the authors, a strategic roadmap for the
sustainable development of housing and communal service facilities was proposed, consid-
ered from the aspect of ensuring (forming) a comfortable living environment for citizens.
In the authors’ roadmap, management initiatives were formed for practical use by state
and municipal authorities on the main reproduction forms of capital construction objects of
housing and communal services. The authors considered each form of reproduction for
residential buildings and structures, and for utility networks, considering their transition
from one form to another. In order to combine all of the proposed initiatives into a roadmap,
the authors analyzed and selected end-to-end technologies based on artificial intelligence.

As a result, the proposed “road map” will make it possible to carry out the function
of initiating and combining the organizational and institutional measures necessary to
streamline and accelerate the development of housing and communal services in the city
as a basic condition for the development of the post-industrial economy in Russia in the
long term (for 14 years). The implementation of the “road map” should lead to the removal
of restrictions and the smoothing of imbalances in the development of existing housing
and communal service facilities in Russian cities and real local self-government.

The developed tool (a strategic roadmap for the sustainable development strategy)
will make it possible to make operational management decisions within the framework of
identified or anticipated socioeconomic problems of cities from the aspect of the strategic
development of housing and communal services.

The proposed management initiatives, in the form of a strategic roadmap for the
sustainable development of housing and communal services, will become the initial stage in
the solution of the tasks set in the Strategy of the Scientific and Technological Development
of the Russian Federation and the National Project “Housing and Urban Environment”,
from the aspect of the formation of an organizational and managerial mechanism for the
implementation of digital hubs based on artificial intelligence.
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