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“Green Square”, innovation and sustainability
of energy infrastructure of the modern urban
ecosystem

The purpose of the research of the presented scientific and practical paper is to identify, systematize and analyze
the basic principles of modern sustainable construction, study innovative and technical solutions in the field of
ecology and management of urban real estate creation projects, infrastructure projects that ensure the function-
ing of cities. The author of the paper solves the problems of actualization of modern ecosystem problems faced by
the urban planning industry all over the world. The methods used in the presented paper are the empirical meth-
od, methodological apparatus of cross-cutting analysis, as well as the development of classifications according to
the principles inherent in the object of study. In addition to the general scientific approach to the study of problems
of eco-sustainability of construction. The author provides experimental conclusions about the convenience of ap-
plying specific means of achieving the goals of eco-sustainability of projects. The author has also presented his
own definition of sustainable construction taking into account the increasing world energy consumption, including
those aimed at cooling the air against the background of global climate warming, the increasing consumption of
food and water against the background of planetary population growth, the trend towards diversification of waste
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treatment. The paper identifies key drivers for the active implementation of innovative technologies in the industry.
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INTRODUCTION

thor asks such research questions as the existence

of interrelationships: what is common and what is
different in the energy efficient approach and “green”
construction — the so-called term-trend of the first
quarter of the 21st century. Moreover how nuclear
power projects, largely characterized by international
scepticism, can become the basis for sustainable ur-
ban planning. Is only the issue of safety of nuclear
power projects a key factor to overcome in order to
scale up the implementation of innovative NPP pro-
jects already implemented in some countries of
the world (Turkey, Bangladesh, Hungary, etc.) that in-
corporate ecosystem infrastructure solutions, includ-
ing RES, “smart city”, integrated infrastructure devel-
opment of territories (hereinafter — 1IDT)? The bright
hypothesis of the presented scientific and practical re-
search is that NPP projects can become the central
axis of urban ecosystem, transferring the projection of
Reimers' ecosystem approach, where the central role
is given to the Sun, to the modern sustainable City,
Agglomeration, State and World.

I n formulating the key problems of the study, the au-

MATERIALS AND METHODS

For completeness of the research the author
provides a cross-cutting analysis of the develop-
ment of innovation theory in science, such scientists
as B. Twiss, B. Santo, N. Kondratiev, J. Schumpeter,
F. Nixon, S. Kuznets, C. Glazyev, G. Itskovitz,
L. Leydesdorf devoted their works to the study of
innovation [1-3].

Systematizing various approaches, the author
gives his own definition of innovation, which is re-
duced to the concept of “an innovation introduced
to improve the efficiency of production and (or)

the quality of goods and services that corresponds
to current socio-cultural needs, and a documented
innovation is a patent”.

It is important to note that according to the theo-
retical foundations of “innovativeness” (innovation
theory), the following should be distinguished as
a result of analyzing different types of innovation
situations leading to the emergence of innovations
(so-called innovation situations):

e development of methods for earlier risk as-

sessment (classification);

® production-related situations;

® marketing mistakes;

e errors related to financial and economic sup-

port;

e innovation needs related to the human re-

sources of the organization and management;

e innovations of legal information support for

the project;

e political errors due to changes in the political

environment;

e environmental, related to the consequences

of natural disasters;

e brought in, consisting in the formation of in-

novation policy by governmental bodies [4, 5].

There are three main innovation models of de-
velopment, on the basis of which national innovation
systems (hereinafter referred to as NIS) of states are
built, namely:

e the European model, including all stages of

the innovation process;

e the Asian model, excluding fundamental re-

search;

e the triple helix model, providing for the inter-

action of three institutional sectors — universi-
ties, business and government.
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The Triplex Helix Model is the basis for cluster development
(Silicon Valley, Erisunn region — Danish-Swedish cluster, Medicon
Valley in Western Europe, etc.), which combines the collective inter-
action of enterprises with unique market conditions for the develop-
ment of certain industries of goods and services. The cluster model
based on the triple helix model also finds application in the theo-
retical foundations of the “green square” model, in which the coop-
eration of “clusters-energizations” has a complementary, syner-
getic vector and result rather than a competing one.

In the early 2020s, in addition to geometry and time-cost char-
acteristics of construction projects, 6D- and 7D-modelling tech-
nologies have entered the practice of construction process man-
agement, in which the 6th dimension presents the study of building
sustainability in the aspect of the environment, justifying the rele-
vance of eco-sustainability of construction objects by introducing
this facto into the model. The 7th dimension is applied to the life
cycle management of building objects and urban environment.
Thus, the 6D and 7D models take into account factors such as en-
ergy efficiency analyses, lighting coefficients, geographical fea-
tures of the project, various components and details of buildings.

The application of construction modelling technologies in
the design of objects with the use of “green technologies” due to
the possibilities of integration and analysis of environmental prob-
lems in architectural and construction projects is especially useful.

Construction modelling technologies solve such problems as
increasing the degree of eco-sustainability of the construction in-
dustry by improving the accuracy of data analysis, allowing to take
into account the multifactor nature of design tasks, including the in-
clusion in the project of the world practice of solving environmental
problems, improving the logistics of resources, reducing costs,
thereby reducing the negative impact on the environment and
the ecosystem as a whole, increasing the degree of consistency
between the sections of the project documentation, thereby reduc-
ing the number of possible project risks that may have negative
consequences for the sustainability of the construction project.

A vivid example of mankind's aspirations to create an environ-
mentally sustainable construction project in the world practice is
the adaptation in 1999-2001 of a large energy facility — four gas-
holders (namely, in the part of gas gauges of gasholders dated
1896-1899) for a multifunctional complex — a modern space for
living. The former energy facilities — coke oven gas storage facili-
ties — were mothballed in 1984 due to the transition to natural gas,
which does not require storage. Thus, four renowned architects cre-
ated residential, office and retail infrastructure on the territory of

the cylindrical-shaped buildings, with a concert hall, a cinema,
an archive, as well as their own community (Fig. 1, 2).

1. The use of construction process automation and the applica-
tion of robotics and robotic technologies is the next building block
of sustainable construction. A number of examples of robotic ap-
plications substantiate the understanding of the necessity and,
most importantly, the possibility to reduce human participation in
hazardous construction processes, such as welding works, assem-
bly of heavy metal structures, masonry works and the speed of their
production, plastering and levelling works, lifting works, conveyor-
type works, high-rise works, works at depth, as well as works in
the zone of high (low) temperature conditions. Also widely applica-
ble technologies for printing parts and entire objects on 3D printers,
in particular, the existence of the practice of printing a house,
a bridge in its entirety. The use of 3D printing in construction re-
duces the cost of construction and reduces the time of work, there-
by increasing the environmental sustainability of the project, reduc-
ing resources. The use of already known numerical control
(NC-technologies) allows to schedule the work of equipment ac-
cording to a predetermined plan-programme without human par-
ticipation in the very process of work production, the process of
equipping construction equipment with programmable devices is
one of the fundamental in the organization of automation and ro-
botization of construction production and strengthening the role in
the eco-sustainability of the construction industry as a whole.

2. Expanding the scope of information technology, cloud ser-
vices, artificial intelligence, digital twins, the internet of things and
the use of big-data technologies as integrated measures play a ma-
jor role in the modernization process of the construction industry,
increasing its transparency, manageability, efficiency and environ-
mental sustainability.

For example, the use of sensors connected to the Internet and
forming a unified system of monitoring and control of engineering
systems of construction projects and the entire urban system, pro-
viding high standards of energy efficiency and optimizing operating
costs in monetary, time and quality terms, thereby increasing
the sustainability of building systems and the industry as a whole.
Digital twin models allow for virtual testing of different object states,
thereby predicting differentiated scenarios and thus optimizing cur-
rent object states in real time.

The use of artificial intelligence (hereinafter referred to as Al) in
the formation of sustainable projects in the field of urban planning
allows to optimize project calculations, simulate scenarios, thereby
developing risk-reducing solutions. The main advantage of Al

Fig. 1. Photograph of gasometers A, B, C, D in Vienna [6]



#2/2024

MexxayHapoHbIN Hay4HO-TEXHUYECKUA XypHarn

HeoBmX1UMOCTb: SKOHOMMUKA, ynpaeneHune

OTEYECTBEHHbI U 3APYBEXHbIi ONbIT

Fig. 2. Photograph of a multifunctional complex in Vienna, Aus-
tria, after gasometer reconstruction [7-9]

application is the ability to analyze a large amount of data with min-
imal time consumption, global arrays of which can make it difficult
to make the most balanced decisions.

Connecting design, construction and operational systems to
cloud services and mobile solutions allows to unite specialists from
different industries and geography in a single urban planning pro-
ject, allow to get advice, expert opinion of unique specialists, with-
out face-to-face presence in the design, working group.

3. Integrated solutions in the field of ecology and safety — such
solutions in the field of energy-saving technologies using renewable
energy and waste recycling are called “green construction” and
affect labour safety. Thus, technologies based on exoskeletons,
augmented reality systems, “smart” work wear — clothes with built-
in sensors that increase the safety of construction workers and re-
duce possible occupational injuries — are becoming widely used.
The use of cameras, laser scanners, aerial and underwater drones,
and other non-contact quality control methods help to reduce
the level of environmental threats during project implementation,
including increasing the environmental sustainability of the project
and the entire ecosystem around it.

A separate block in the study should be devoted to innovative
technological solutions combining traditional types of energy with
“green” ones. Thus, according to the new concept of energy secu-
rity in the scope of eco-sustainability of urban systems is the con-
cept of “green square”, developed by SC “Rosatom” in 2024 [10].

For example, according to the head of Rosatom, climate goals
can only be achieved by combining wind, solar, nuclear and hydro-
power, and the concept presented by A. Likhachev at the session
“Nuclear Power and Renewable Energy for a Carbon Neutral Fu-
ture” at the COP26 conference in Glasgow was widely supported.
The concept presented by A. Likhachev at the session “Nuclear
Power and Renewable Energy Sources for a Carbon Neutral Future”
at the COP26 conference in Glasgow was widely supported.
The term 'green square' combines four low-carbon energy sources,
namely nuclear, hydro, wind and solar.

According to A. Likhacheyv, “climate goals can only be achieved
by combining wind, solar, nuclear and hydropower”.

In the context of the presented “green square” concept, the nu-
clear power project as an element of environmental sustainability is
assigned a special role — the role of the core of a safe energy
system, which is complemented by the inclusion in the grid of
the generated energy from the use of solar panels on the roofs and
facades of urban buildings, when such panels are used as a mod-
ern “facing” material, as well as hectares of land covered with ridg-
es of solar panels [10-14]. In this case, the NPP object acts as
a source of electricity and a place for the location of renewable
energy sources (hereinafter — RES). Since the total area of the NPP
site is large, modern wind turbines are recommended to be in-
stalled on the project land allotment.

As a separate element of the infrastructure of an eco-resistant
city, whose energy sector is built according to the “green square”
system, prospective urban planning projects should provide for
the development of environmentally friendly modes of transport,
both individual and public, as well as charging infrastructure to
them.

Currently, with the support of major state corporations, working
groups are being set up to develop a single international standard
for sustainable construction in order to unify the requirements and,
most importantly, the procedures for preparing, approving and im-
plementing construction projects in urban agglomerations and be-
yond.

The author of the presented scientific and practical paper con-
cludes that the theory of ecosystem approach in addition to eco-
logical science is applicable, according to the author of the pre-
sented paper, to the analysis of urban planning process, urban
ecosystems, as well as the construction industry in general [15].

The concept of “ecosystem” was first proposed in 1935 by Ar-
thur Tansley and further actively developed by Vasily Dokuchaev,
the world's leading scientists, developed in the direction of unity
and diverse interaction between living and non-living environments,
organisms and inorganic materials. The main feature of an ecosys-
tem is its ability to self-organization, self-regulation and self-devel-
opment. The ecosystem of the urban environment without human
participation is impossible, which, by its intrinsic feature, provides
the ecosystem with the “self”-possibilities described above. Let us
consider the flowchart of the ecosystem approach in scientific re-
search (Fig. 3).

Next, we should systematize the main features of ecosystems,
which are as follows:

1. Sustainability and existence of internal laws of development.

2. Existence of interacting links between elements.

3. Ability to self-development, self-organization and self-regu-

lation.

4. Presence of organic and inorganic, living and non-living ele-

ments.

Composition of ecosystems:

1. Organic (living) part.

2. Inorganic (non-living part).

Types of ecosystems by origin:

1. Natural.

2. Artificial (man-made).

Thus, a building ecosystem refers to an artificial type of ecosys-
tem. In addition to the ecosystem type under study, there are other
types of artificial ecosystems such as:

1. Banking ecosystem, e-commerce ecosystem — character-

ized by inter-connectedness of mostly virtual services with
the possibility to receive offline services with the condition of
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Fig. 3. Ecosystem structure according to Reimers' theory

receiving additional bonuses and then spending them within
the ecosystem.

2. Urban ecosystem.

3. International ecosystem.

An interesting classification of ecosystems is given by scientist

Eugene Odum, dividing them by energy type into:

1. Natural — sun-driven, non-subsidized.

2. Natural — driven by the sun, subsidized by another energy
source or by humans.

3. Industrial-urban, fuel-driven, both fossil, other organic, and
nuclear fuels.

4. In his work, the scientist proposed the concept of ecological
niche, comparing it to a profession — the ecological purpose
of a species in an ecosystem, and a habitat — to the address.
Such a comparison allows us to scientifically substantiate
the ecosystem approach to economic and other human ac-
tivities, as well as in the man-made organization of the man-
made environment surrounding humans. The presented pa-
per develops the ideas of the ecosystem approach to
the general planning of cities, the fundamental energy basis
for the development of which are energy-nuclear facilities.

And in the basics of land ecology (otherwise, geoecology)

V.G. Marachevsky introduces the ranking of ecosystems, dividing
them into facies, tracts, landscapes, geographical areas, geographi-
cal regions, biomes and biosphere, thus laying the foundation for
the modern understanding of the ecosystem of the urban environment
Urban ecosystem is a complex functional complex of man-
made artificial habitat, including cities with their agglomerations,
smaller settlements, urbanized areas outside settlements and cit-
ies, characterized by uniform management laws.

Climatopes

Environment

Bone part
of the ecosystem

Information flow

Living part
of the ecosystem

Biogeocenosis and
other ecosystems

An interesting example is the formation of the so-called banking
ecosystem, which is an example of an innovative form of organiza-
tion of banking business due to the trend towards digitalization of
modern society, the global digital transformation of commercial, fi-
nancial and lending activities, and the growing popularity of
the ecosystem approach in general.

At the same time, according to the author of the presented pa-
per, the banking ecosystem is an element of the urban ecosystem
in terms of the digital “superstructure” of the economic processes
of the urban economy.

Urban territory and infrastructure has been formed everywhere
for many centuries. Today it represents a system of the following
elements:

e industrial buildings;

e administrative buildings;

e residential buildings;

e various life support systems (including hospitals, clinics,

schools, kindergartens, educational institutions);

e elements of transport infrastructure, including road network,

transport interchanges, bridges, tunnels;

e utilities and buildings;

® green space areas;

e other city facilities.

The growth of land costs in the central districts and large cities
gradually led to the need to design buildings with higher storeys,
and with the increase in the height of the construction object,
the problems of safety and life support began to increase. In these
conditions, there was a necessity to solve problems in the multi-
tasking mode, which can be solved with the help of automated
control systems that take on the functions of prompt response to
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changes in the modes of operation of a large number of technical
devices that ensure the normal operation of buildings, structures or
complex of objects. From the technical point of view, the way to
solve these problems is to develop a system, which is convention-
ally called “Intelligent system of building facility operation”, consist-
ing of a set of four main subsystems:

1) distribution of energy resources;

2) technological;

3) security;

4) “smart home” systems, including multi-room.

Let us consider the specific features of sustainable construc-
tion depending on the climatic zone where the object of analysis is
located. Thus, due to the specific climatic conditions of the Russian
territory, the subject of primary concern in large cities is the length
of heat and gas networks, overhead high-voltage and cable lines,
which sometimes reach hundreds and thousands of kilometres
within the urban area.

Regardless of the climatic zone, the basic condition for the normal
functioning of urban ecosystems is the availability of a modern road
network that provides convenient and accessible transport services
for citizens, including underground and elevated facilities for the safe
movement of citizens and high-speed movement of all types of trans-
port. Thus, to improve traffic flow, new radial and ring roads are being
created to bypass the city centre districts. They are accompanied by
motor transport services (petrol stations, campsites, roadside hotels,
parking garages for temporary and permanent storage of cars and
road equipment, etc.), with accommodation of road maintenance and
other services with posts of specialized road safety stations.

In the process of reconstruction of the road network, if neces-
sary, existing railway tracks can be effectively used with the use of
rolling stock of the “land metro” type with the equipment of transfer
stations, taking into account the maximum proximity of passenger
flows to other modes of transport.

The normal operation of water supply and sewerage systems
with obligatory provision of necessary requirements to the quality of
drinking water and the level of wastewater treatment has an impor-
tant place in the urban economy. The vulnerability of water supply
sources from technogenic impacts should be reduced, the issues
of sanitary cleaning of the city should be solved with the organiza-
tion of incinerators and recycling plants, construction of sewage
treatment systems, land reclamation, installations for melting snow
removed from city roads, and enterprises for processing biological
waste should be organized.

Residential and industrial stock on the territory of the existing de-
velopment is modernized and reconstructed in accordance with mod-
ern requirements by means of redevelopment of premises, improve-
ment of sanitary equipment, installation of attics and lifts, increase of
storeys, improvement of thermal and physical characteristics of en-
closing structures. Engineering solutions for the development of un-
derground spaces for the construction of garages, warehouses, pe-
destrian crossings, shops, etc. should be considered as a special
topic in the structure of urban renewal.

DISCUSSION

The main controversial issue that the author raises in this study
is the question of how to assess the contribution of the infrastruc-
ture component to the sustainability of an urban development pro-
ject. In the concept of “green square”, where 1/4 each of atomic,
hydro, solar and wind energy belongs, it is necessary to take into
account climatic and geographical peculiarities of this or that re-
gion where the infrastructure project is located: for example,

the construction of hydroelectric power plants requires a powerful
waterway, the construction of wind power plants requires an analy-
sis of wind loads and environmental impact.

CONCLUSIONS

Implementation of urban planning plans for reconstruction, re-
vitalization, rehabilitation and renewal of the existing urban develop-
ment should be addressed as a systemic task, including:

e coordination of architectural and construction developments
and implementation of effective structural, production, invest-
ment, financial, tariff and tax policies, development of priority
areas and spheres of urban economy and infrastructure for
the perspective period;

e ensuring accounting, registration, assessment and efficient
use of city property, including land plots and other real estate
objects;

® organization of interaction between city authorities and mar-
ket infrastructure entities (commercial banks, stock exchang-
es, insurance companies, etc.) on issues related to real estate
objects that are both privately and publicly owned;

e attracting investment in housing construction through sales of
housing, construction in progress, land lease rights, private
investment, etc.;

e creation and development of an investment and loan system
and mortgage lending with the issue of municipal bonded
housing loans, etc;

e the energy infrastructure of the “green square” of the modern
urban ecosystem is a balance of innovation and eco-sustain-
ability.
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«3eneHbl KBagpaT», MHHOBaLuun

M 3KOYCTONYMBOCTb SHEPreTU4ecKom
MHPaACTPYKTYpPbl COBPEMEHHOW FOPOACKON
3KOCUCTEMDI

Llenbto nccnepoBaHus npedcTaBieHHON HayYHO-NMPaKTUHECKOW
CTaTbU ABNAETCA BbigBNeHNe, cnctematu3auna n aHanm3 OCHOB-
HbIX MPUHLMUMOB COBPEMEHHOIO 3KOYCTONYMBOrO CTPOUTENBLCTBA,
n3yvyeHne MHHOBaLMOHHO-TEXHNYECKUX peLueHvu7| B 06/1aCTU 3KO-
Norvn 1 ynpaBneHUs NPOEKTaMn CO34aHUSA rOPOLCKON HeaBu-
XXMMOCTW, MHPPACTPYKTYPHbIMU MpOeKTaMu, o6ecneynsaroLLm-
MU OYHKLMOHMPOBaHME ropodoB. ABTOp CTaTbM peLlaeT 3agayv
aKTyanmsauum coBpeMeHHbIX 3KOCUCTEMHbIX npo6neM, C KOTO-
pbIMU CTankMBaeTCs rpafoCTpPoUTESIbHAA OTpacib BCEr0 Mupa.
B kavecTBe MeTOOB B MPeACTaBNEHHOWN CTaTbe NCMOSb3YIOTCA
3MMNUPUYECKUI METOA, METOLONONMHYECKUIA annapaTt CKBO3HOIo
aHanuaa, a Takxe paspaboTka KnaccudukaLlmi no NpuHUMnam,
npucyLLnM 06beKTy uccrnenoBaHus. NoMmmo obLeHay4HOro
noaxoda K MdyyeHuto NpobaeM 3KOyCTOMYMBOCTU CTPOUTENb-
CTBa, aBTOp MPMBOAUT 3KCNEPUMEHTasbHbIE BbIBOALI 06 yO06-
CTBE MPUMEHEHUA KOHKPETHbIX CPEeACTB AOCTMXKEHUS uenen
9KOYCTOMYMBOCTWN NPOEKTOB. Takxe aBTOp NPeAcTaBus cobeT-
BEHHOE onpefeneHne 3K0yCTONYMBOro CTPOMTENBbCTBA C Y4ETOM
HapacTaloLLEero MMpoOBOro 3HEPronoTPe6tEHNS, B TOM YACIIE Ha-
npaBfeHHOro Ha oxnaxxaeHne Bo3gyxa Ha hoHe rnobanbHOro
NOTENNEHUS KNMMaTa, BO3pacTatoLLEero NoTpebieHns NpoayKToB
NUTaHUA 1 BoAbl HA hOHE O6LLENIaHEeTapHOro pocTa YUCNEH-
HOCTU HaceneHus, TeHOEeHLUMN Ha AMBepcudmrkaumo nepepaboT-
KV OTX0[0B. B cTaTbe onpepensoTcs K4YeBble apanBepbl s
aKTUBHOIO BHEAPEHMWS MHHOBALIMOHHBIX TEXHOOMMIA B OTpPacu.

KnroyeBble cnioBa: 5KocuMCTeMa, 9KOYCTONYMBOE CTPOUTESLCT-
BO M MHHOBALMU, 3(h(DEKTUBHbIE UHHOBALIMOHHO-TEXHNYECKMNE
PELLeHNsI B CTPOUTESILCTBE
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