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Abstract

The digitalisation of the urban environment is one of the key areas for the development of modern urban studies. The projects within
the framework of the "Smart City" concept are being implemented not only with a view to digital transformation and automation of
urban processes, but also with the aim of achieving a comprehensive increase in the efficiency of the urban infrastructure, Hence,
the purpose of this research paper is to propose the most effective estimation methods for the socio-economic changes taking
place in Russia. The research consists in an analysis of urban infrastructure digitalisation projects, focusing on the most socially and
economically profitable ones, both in terms of performance and functionality, in particular. The main set of research tools consists
of searching and selecting information, analysing and processing statistical data, as well as generating a multi-purpose method for
the project socio-economic efficiency assessment. Based on this methodology, it is possible to offer optimal solutions and forecast
efficiency at the project development stage.

The article is concerned with the digital technology projects implemented by the Ministry of Construction of the Russian Federation
as a part of the "Smart City" development programs. The authors have concluded that adopting the multi-purpose methods for
identifying the socio-economic impact of the "Smart City" digitalisation projects would accelerate the new technology implementation
and efficient management of the entire "Smart City" system.
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1 Introduction

The digitalisation of the urban environment is one of the
most important priorities of large urban agglomerations in
most countries across the globe. The digital systems con-
tribute not only to the acceleration of data exchange and
the increase of its accuracy, but also to the development of
services and solutions for the urban improvement as a part
of the "Smart city" concept.

Digitalisation is a complex concept that includes all
aspects of the digital technologies' implementation that allow
a person to perform one's tasks more efficiently, speed up

various processes and exclude unnecessary components from
the system. For the authors of the work, this concept also
encompasses innovations aimed not only at individuals, but
also at the life of society in an urban agglomeration, which
makes it possible to increase labour efficiency and the safety
of citizens, as well as to minimise damage to the environment.

In 2012, the Ministry of Construction, Housing and
Utilities of Russia developed a digital environment devel-
opment program titled "Smart City". During the period
of the "Digital Cities" development strategy, 365 projects
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were implemented at the federal and regional levels, along
with more than 2000 projects at the municipal level.
However, at present, no unified system for quality and effi-
ciency control and monitoring of the projects being imple-
mented has been established; each metropolitan region
keeps a record of indicators based mainly on the regional
programs. This system does not afford the possibility of
fully transferring the experience of cities that have already
implemented urban environment digitalisation projects to
the emerging projects in cities that are just taking the first
"steps" towards the development of smart and accessible
urban space (Russias Smart City) (see in Table 1).

Since 2012, 365 federal projects for a total amount of
1,082.8 billion roubles have been implemented, most of
which are aimed at ensuring the information accessibil-
ity and communication system development. A significant
part of the projects is used for improving the energy effi-
ciency of urban mains, as this is one of the most demanded
socio-economic areas in modern Russia. The remaining
indicators are formed mainly due to the need to modernise
the obsolete infrastructure.

Despite the above figures on the scope of urban proj-
ect implementation as a part of the digital concept "Smart
City", there is no single method for assessing the socio-eco-
nomic efficiency of the measures and decisions taken.
Therefore, in this research paper, the most effective methods
will be selected and analysed to determine the socio-eco-
nomic efficiency of the projects on digital urbanism and
environmental management "Smart city" (Kreydenko and
Chernyaev, 2019).

To carry out the research, it is important not only to find
and select the necessary material, but also to structure all
the components, since information from statistical databases
both at the federal and regional levels is not only incomplete,
but also contains the same indicators and meanings with dif-
ferent names. In addition, in the current study, despite the
selected range from 2012 to 2020, the names of the indi-
cators have been selected according to the new list of the
Ministry of Construction of Russia, approved in 2017.

2 Materials and methods

The main research methods include: search and selection
of key indicators and indices, analysis of statistical data-
bases, comparison and correlation of indicators to iden-
tify data dependencies, detection of factors that influence
the selection of efficient digitalisation projects within the
Smart City programmes, with due regard to the introduced
projects of the Ministry of Construction of Russia. The
search and selection of indicators specifying the project

Table 1 Projects of the Ministry of Construction of the Russian
Federation on the urban environment digitalization as a part of the
"Smart City" concept in 2012-2020

Name of the "Smart City" Number of  Total expenditures,
program section projects mln USD
Transport 41 484.1
Heat supply 11 160.5
Ecology 10 229.3
Information city and systems 180 2,763.1
Energy efficiency 41 5,251
Water supply 14 1,564.3
Safety 47 369.4
Waste 5 445.8
Power supply 10 1,095.5
Construction 6 1,430.6
Total 365 13,793.6

Source: Compiled by the authors

efficiency was arranged and systematised into 4 main
sub-indices (smart housing and utility infrastructure,
innovations for the urban environment, intellectual pub-
lic and environmental safety, infrastructure and services).

To study the issues of methodology for the selection of
the most socially and economically efficient urban projects,
we have analysed both the federal statistical databases
(reports of the Ministry of Construction of the Russian
Federation, the Federal State Statistical Service of the Russian
Federation, etc.), regional statistical databases, including the
municipal level, as well as the regulatory framework. One
of the key analytical problems is the discrepancy between
the indicators used in the federal and regional report-
ing within the development of "smart city" projects, and,
accordingly, the impossibility of assessing projects without
using the most multi-purpose indicators and indices.

In Russia, according to the Ministry of Construction of
the Russian Federation, this concept is based on five key
principles:

» focus on human development;

* producibility of urban infrastructure;

* urban resource management quality improvement;

e comfortable and safe environment;

* emphasis on economic efficiency, including the

service component of the urban environment
(Vasilenko, 2019).

It should be noted that most of the subjects began to mas-
ter digitalisation prior to introduction of the "smart city"
state program that led to a severe differentiation of indica-
tors used in reporting. Therefore, all indicators were com-
bined into 4 groups, and formed for the project assessment:



» smart housing and utility infrastructure;

» Innovations for the urban environment;

* Intelligent public and environmental safety;
* Infrastructure and services.

3 Results

The systematisation and establishment of the multi-purpose
"flexible" methods based on the socio-economic efficiency
improvement factors of digitalisation projects in the Russian
cities have made it possible to identify general trends and
patterns in the development of a "smart" urban environment
and demonstrated the importance of its implementation in
terms of economic efficiency.

During the methodology preparation process, it is pos-
sible to make a more efficient selection of design materials
at the design stages, giving preference to the better solu-
tions, both in the large metropolitan areas and in small cit-
ies, where digitalisation is just beginning to be introduced
into the urban environment.

4 Discussion
Every year the city digitalisation evolves from an abstract
concept into the real activities of various states. According
to the IDC estimates, the worldwide expenditures on digital
transformation will exceed $1.5 trillion in 2020. However,
there is still no comprehensive approach to assessing the dig-
italisation progress both in the world practice and in a single
country. Nevertheless, the research and measurement of the
digitalisation progress is one of the key stages for the devel-
opment both for the certain country and for individual partic-
ipants in the digital economy. The lack of research in this area
motivated the analysis of the formation features of multi-pur-
pose factors for assessing the efficiency of all "smart city"
development projects (Lighting Technologies ESCO).

The projects within the "Smart City" concept are aimed
at increasing the city competitiveness, establishment of an
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effective urban management system, provision of safe and
comfortable living conditions for the citizens.

The "Smart City" objective is not only digital transfor-
mation and process automation, but also a comprehensive
increase in the urban infrastructure efficiency. The key
projects in this area are being implemented by the Ministry
of Construction, Housing and Utilities of the Russian
Federation (Ministry of Construction, Housing and Ultilities
of the Russian Federation 2019a).

During the research of the urban environment digital-
isation projects in Russia, the authors identified over 280
indicators that were used in reporting on the results of
"smart city" projects. Having studied the statistical data-
base, four large groups of indicators were specified that
were subsequently used for statistical analysis. These
groups of indicators most capaciously reflect the environ-
mental situation in the city, well-being and social develop-
ment of the citizens, system producibility and innovations
for the economic development of the infrastructure. Since
for most cities the statistical data on factors was not given
in full, five cities were used for the study, with a complete
statistical overview since 2012. Until 2012, the assessment
was made according to other indicators without a single
standard (Russias Smart City (Table 2).

Moscow is the leader in terms of completed projects.
Since 2012, 278 projects in the field of urban environment
digitalisation have been implemented in Moscow. More
than 65% project were aimed at solving environmental
issues and sustainable management of urban resources for
pollution abatement. The remaining cities in Table 2 have
also implemented a significant number of projects within
the Smart City concept (226 out of 365).

The leadership of Kazan and Saint-Petersburg, as
shown by the analysis of sub-indices based on the open
data sources, was positively influenced by the high invest-
ment activity of these regions. For example, the Innopolis

Table 2 Top-5 Russian cities by the number of projects implemented as a part of the "Smart City" concept in 2012-2020

City Moscow Kazan Saint-Petersburg Kaluga Yekaterinburg Total
Number of the "Smart City" concept projects 64 43 32 29 226
Investment .Volumes for the "Smart City’ 602.6 301.9 017 240.8 273.9 18409
concept projects, mln USD

N-ur.nbclzr 0f“ the reglonal urban environment 214 174 12 7 656
digitalization projects

Investment volumes for the regional urban 16,205.5 1,039.5 1,400 583.4 355.4 2338.8
environment digitalization projects, mln USD

Total number of projects 278 142 217 144 101 882
Total in mIn USD 16808.1 1341.4 1821.7 824.2 629.3 214247

Source: Compiled by the authors
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project has a significant positive impact on Kazan in the
field of digitalisation development. It can also be noted that
a feature of the Republic of Tatarstan's approach to digi-
talisation is its focus on the applied use of these processes.
According to the open data sources, Kazan considers the
issue of digital technology introduction with a specific end
goal in mind, namely, an increase in labour productivity in
the republic's industry and the production diversification
at the enterprises (Ageev and Chernyaev, 2010).

To improve the accuracy of sub-indices, they were assessed
through the factors that determine the degree of the urban
development. The next indicators were selected for each
sub-index group that were most often used in the assessment:

4.1 Smart housing and utility infrastructure

* Renovation of the housing stock with due regard to
the use of modern building standards and producibil-
ity of the service delivery processes;

» Fulfilment of the housing construction and/or reno-
vation contracts;

» Introduction of the heat and electric power automatic
control systems, as well as data transmission systems
for the general network;

* Availability of infrastructure units regulated by the
construction standards;

 Introduction of adaptive systems, including the use of
cloud services and artificial intelligence (Government
of the Russian Federation, 2016)

4.2 Innovations for the urban environment

» Standardisation of regulatory and technical docu-
mentation;

» Stepwise rejection of the obsolete technologies in the
urban environment design;

» Introduction of accessible routes and means of trans-
portation, including the service development of ser-
vices using the location-based equipment:

» Digitalisation of public space;

» Involvement of residents in the regulation of municipal
administrative units (Kreidenko and Sharkova, 2020).

4.3 Intelligent public and environmental safety

» Urban space division due to the environmental safety
and its improvement in residential areas;

» Economic protectability of citizens (mortgage lend-
ing, provision of beneficial services, professional
advancement and retraining of employees);

* Social environment adaptive to the needs of resi-
dents, including those with impaired mobility;

* Open state tendering structure and the reporting
accessibility for citizens;

Use of green public transport and waste minimisation
in the residential areas (mos.ru Official website of the
Mayor of Moscow).

4.4 Infrastructure and services

» Provision of services for the citizen participation in
solving the district development issues on the terri-
tory with implementation of projects to create a com-
fortable urban environment;

» Establishment and promotion of technological and
digital platforms for business and potential consumers;

* Time reduction for submitting and reviewing docu-
mentation from the legal entities and individuals to
the government authorities, as well as update of the
regulatory and technical documentation for the appli-
cable processing base;

» Creation and evaluation of pilot projects for the exper-
imental technology implementation that contribute to
the solution of key issues of the urban development;

* Consideration and use of third-party experience to
increase the economic returns from the introduced proj-
ects (Government of the Russian Federation, 2020).

This approach provides an optimal assessment of the
project implementation quality, since all the above factors
are used during annual reporting by the municipal admin-
istrations. According to the factors provided, having con-
sidered the number of introduced projects and the scale
of financing, it is possible to identify influence asserted
by the implemented digital projects on the urban develop-
ment and contribution to the "Smart City" concept promo-
tion (Ministry of Construction, Housing and Ultilities of
the Russian Federation, 2019b)

The quality of life indicator is determined by the predicted
change in a number of aspects, such as life expectancy, eco-
nomic well-being, pathology and disease odds, as well as
tourism appeal. This indicator was developed by the Ministry
of Construction of Russia in 2017 to compile a rating and
ranking of the Russian cities. This indicator can be used for
research ( Federal State Statistics Service, 2019) (Table 3).

According to the data given in Table 3, it can be con-
cluded that the quality of life indicator can be improved with
the introduction of digital projects. The greatest increase is
shown in the "infrastructure and services" sub-index. The
other sub-indices are: Smart housing and utility infrastruc-
ture, Innovations for urban environment, and Intelligent



Table 3 Verification of dependence of the quality of life improvement
on the digital project introduction in the analysed cities

Mean value

. Design Standard . . Error
Indicator significance ..
factor error probability
factor
Smart housing
and utility 1.11002  0.12301 12.24365 0.09282
infrastructure
Innovations for 1.24798  0.10176 1175412 0.22553
urban environment
Intelligent public
and environmental  1.28323  0.03532 14.87536 0.39292
safety
Infrastructureand ) s350) 14867 1873923 0.17348
services
Intercept 0.09783  0.06932 3.13261 0.00013
Determination 015537 Standard Qewatlon of 573939
factor variable

Source: Compiled by the authors

public and environmental safety also have a positive effect
on the quality of life. However, improvement of the finan-
cial well-being and the urban environment accessibility in
"infrastructure and services" sub-index take the highest
priority in the urban infrastructure digitalization.

The growth in the column "Design factor" (Table 3) is also
confirmed by the average indicators for all constituent enti-
ties of the Russian Federation. The arithmetic mean value for
all cities of the Russian Federation selected for analysis in
Table 3 reached a value of 1.29 that corresponds to the pos-
itive quality of life trends during the digitalisation project
implementation. According to the statements of the Ministry
of Construction of Russia, the facts relating to the urban digi-
talisation based on the different methodology also correspond
to the public strategic developmental approaches and global
trends (National Housing and Urban Environment Project).

It is important to note that these projects are performed
not only at the expense of public funding, but also by attrac-
tion of the third-party investments, therefore, it is also nec-
essary to consider the possible economic returns (Table 4).

The econometric matrix in Table 4 demonstrates the
possible economic returns from 1 unit of invested finances
into each of the 4 sub-indices for 3 types of cities: the
cities under study, the cities with a population of 12-100
thousand people and the cities with a population from
100 thousand people to 1 million people. The economet-
ric model with a number above 1 million people showed
a significance error of over 72% that indicates the need
for an individual approach. The significance error in the
remaining groups did not exceed 10%. The largest return
on investments in the sub-indices can be brought by the
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Table 4 Matrix of correlation indices for the digital project introduction
as a part of the "Smart City" projects in 3 types of cities, with a
difference in economic efficiency

Types of
cities Inthe In the cities with
cities  a population of

In the cities with
a population of
100 thousand

Indicators under 12-100 thousand e 1ml
for determining study people peopie— 1 min
economic output people
Digital project
management as a part 1.00000 0.87423 0.86234
of "Smart City" concept
Smart housing and 111002 073828 0.63729
utility infrastructure
Innovations forurban 4 yz98 9583 108321
environment
ntelligent public and 70373 17959 0.92821
environmental safety
Infrastructure and 133581 1.28192 1.74920
services
Standard
Determination factor 0.03532 deviation of 2.53292
variable

Source: Compiled by the authors

projects in the field of infrastructure and services, and also
for the medium and large cities with a population of 100
thousand people to 1 million people. In the small towns,
a positive economic return is observed in the category of
"Intelligent public and environmental safety". The highest
negative indicators are given in the "Smart housing and
utility infrastructure" section that is due to the long pay-
back period of the urban facility construction and the cost
of overhaul repairs. This section is also unprofitable due
to the inclusion of urban cultural and administrative facil-
ities that cannot bring economic benefits due to belong-
ing to the public structures. The remaining indicators are
more cross-functional. Therefore, it is possible to con-
clude that, based on all sub-indices, the selected projects
can bring socio-economic benefits to both the city and the
entire state (Government of the Russian Federation, 2020).

The study has demonstrated that the sub-indices can be
used for possible analysis of the environmental development
project efficiency, while using not only the formalized quan-
titative indicators that have already been analysed earlier in
a number of studies, but also metadata that must be consid-
ered when assessing the digital economy progress to con-
sider the differences in the strategies, approaches and prior-
ities of various regions and economic participants. It is also
possible to change the indicators to determine the project
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efficiency more accurately. The method is especially rele-
vant in the context of adoption and implementation of the
Digital Economy of the Russian Federation program that,
like the Smart City, sets the task of developing unified strate-
gic approaches to digitalisation at the federal level. The vol-
ume and quality of data in the open sources make it possible
not only to obtain information about the digitalisation pro-
cesses taking place in the country, but also to evaluate these
processes (Nezhnikova et al., 2020).

The digitalisation assessment performed on the basis of
this approach can be used by the authorities both to control
the ongoing programme fulfilment processes, and by the
third-party observers from the statistical groups, as well as
by the Russian and foreign investors in order to make stra-
tegic, investment and production decisions, especially in
the field of high-tech initiatives and product ranges related
to the digital economy. In particular, it is worth mention-
ing the civic position and accessibility of this information
for the urban residents in order to assess operation of the
public authorities and enterprises in the regions, as well as
for the media - to notify the general public about the ongo-
ing digitalisation processes (Edler and Fagerberg, 2017).

5 Conclusion

In the modern world, the digitalisation of the urban envi-
ronment not only affects the social development and health
of the citizens, but is also one of the key indicators for the
urban economic development. According to the research
study, the return on investment in the "smart city" projects
in most cases brings additional income and stimulates the
active growth of digitalisation. The self-development and
self-sustainment mechanisms of the "smart city" projects
are gradually reducing the share of forced external invest-
ments and loans, ensuring the independence of municipal
and regional budgets.

In view of the foregoing, several significant conclusions

can be drawn:

1. According to the calculations of the efficiency of
implementing «Smart City» indicators presented in
Table 3, it is possible to propose standardisation of
the models for introducing innovations in Russia.
However, it is important to take the return on invest-
ment into account. In Table 4, the development of
infrastructure and services can be the most optimal in
both small and large cities in terms of payback; there-
fore, solutions in this area should be introduced at the
early stages of project development. Renovation and
modernisation of housing and communal services

are the least profitable factors, but no less import-
ant; therefore, the search for subsidies from the fed-
eral budget and within the framework of existing pro-
grammes could stimulate regional administrations to
modernise housing and communal services.

. When creating the first projects, one of the serious

obstacles to the digitalisation development may be
underfunding both at the federal and regional levels.
This is especially true for those constituent entities of
the Russian Federation where the problem of the bud-
get shortfall has not been resolved, and the local busi-
nesses cannot independently implement large invest-
ment projects. Interregional or foreign investors
cannot co-finance the programmes, most often due
to the lack of the necessary amount of information
relating to the urban environment potential, which
makes it impossible to launch the projects. These fac-
tors can be minimised by providing greater reporting
standardisation based on the key indicators that will
serve as the basis for the potential project evaluation.

. Digital inequality and the absence of an urban infra-

structure necessary to accept projects as a part of the
"smart city" concept or similar projects may persist
in places. The lack of high-quality Internet access
and the unavailability of regional specialists make it
impossible even to prepare draft projects, which indi-
cates the low involvement of small towns in Russia
into the federal projects with large investment grants.
There are still a lot of problems, especially in the lag-
ging regions of the Russian Federation, relating to
the introduction of modern cellular communication
standards. In 2020, only 42% of cellular communi-
cations stations support the modern fourth-genera-
tion mobile Internet standard. The implementation
of the fifth-generation standard will begin no earlier
than in 2023.

. Absence and/or poor elaboration of training courses

and disciplines relating to new professional occupa-
tions both in the general school curricula and in the
higher educational institutions are both significant
obstacles, together with the lack of centralisation
and general application of regional digital projects,
experience and best practice exchange. None of the
projects of the Ministry of Construction of Russia
according to the "Smart City" concept is considered
as interregional, i.e. there is no cooperation to estab-
lish the larger-scale design solutions covering the
opportunities of neighbouring urban agglomerations.



5. There is a general lack of motivation among the
industrial state-owned enterprises, except in the agri-
cultural sphere, due to the fact that access to the world
markets has been limited by the sanction restrictions
imposed since 2014, while domestic orders do not
require digital modernisation, since the current pro-
ducibility level is sufficient for its fulfilment. It is
especially worth noting that there is a “stratification”
of regional statistical resources by the constituent
entities of the Russian Federation in terms of the com-
plete presentation of digitalisation data. The most lag-
ging regions cover the digitalisation results less fully,
possibly since digitalisation may seem less relevant to
them in comparison with other activities taking place.

Using the example of the cities under study, the authors

believe that it is possible to establish the most multi-purpose
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