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Abstract. Modernization of residential buildings on the basis of sustainable development should
consider not only energy efficiency. After all, the tasks of sustainable urban development are inclusiveness and
safety. All the goals of sustainable development are interconnected. The construction industry has a critical
role in achieving almost all the goals. Given that old houses usually require modernization, projects should
take into account inclusive planning solutions, repair work of outdated parts and engineering systems of the
building, energy efficiency, as well as safety and attractiveness to increase the market value. This approach is
considered due to the fact that almost all modernization programs offer only energy efficiency. Energy
efficiency does not cover the necessary repairs to the building, nor does it solve other sustainable development
tasks. Residential buildings and adjacent territory are the essence of cities. Without sustainable modernization
of residential buildings, the goal of sustainable cities will not be achieved.

In this regard, the concept of modernization of housing buildings on the basis of sustainable development
is proposed. Indicators and criteria that should be taken into account when developing projects for the
modernization of residential buildings are determined. That is complete renovation of the building and the
surrounding area as modernization and repair work taking into account inclusiveness and regeneration of the
technical condition. Architectural and planning decisions, engineering and construction works should be
considered as one set of works for complete renovation and regeneration for creation of comfortable and safe
living conditions in order to achieve the goals of sustainable development.

Keywords: indicators of modernization, residential buildings, modernization, sustainable development,
sustainable modernization

Introduction. Modernization of residential buildings on the basis of sustainable development must meet
certain indicators. Modernization can be called sustainable only if all indicators are present in the regeneration
process. Partial modernization processes such as energy efficiency cannot correspond to complex sustainable
modernization. Energy efficiency, which is currently receiving the most attention, is only part of sustainable
modernization. Buildings which need energy efficiency are mainly very old ones that have expired.

Repair work to restore outdated parts and elements of the house is not always carried out according to
plan. This is especially the case in post-Soviet countries and East Europe with a heritage of panel residential
buildings of mass residential construction. But others countries are not exclusion.

At the time of construction, the houses met building regulations and norms, but the architectural and
planning solutions were not oriented towards inclusiveness. Today there are such houses, most of which were
built in the 70s and 90s of the 20th century. Such a residential building requires not only modernization and
inclusive architectural planning solutions on the basis of sustainable development, but also repair work to bring
the building up to the appropriate technical standards and living conditions.

If only energy efficiency works are carried out, there will remain the issue of worn-out communication
systems and nodes, such as water supply and sewage systems. The issue of indoor common areas also remains
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open. The unresolved issue of inclusivity. The general technical condition of the building and the architectural
and planning decision will remain the same. The task of sustainable development of cities will not be achieved
only in terms of energy efficiency. The task of environmental protection will be partially solved, and all other
issues, including improving the quality of life and inclusiveness, will remain an unresolved issue. The increase
in the cost of housing, as an economic development, has not been resolved. Preventing the degradation of areas
with old, unattractive residential buildings will also remain in question.

Analysis of recent research and publications. The UNCTAD, as a body of the UN General Assembly,
whose resolutions are of a recommendatory nature, developed manuals marking indicators for achieving the
goals of sustainable development in the main directions in the economic, environmental, social and
institutional spheres [1]. As the scientists note in the research, the key indicators of sustainability regarding the
modernization of an individual building and the revival of cities depend on three aspects: environmental,
economic and social sustainability [2]. Considering that all UN member states have supported the Sustainable
Development Agenda until 2030, old residential buildings in all countries need to be modernized in accordance
with the principles of sustainable development [3]. The housing stock of the post-Soviet countries, where the
majority of residential buildings are dominated by the Soviet heritage of panel, old and non energy efficient
residential buildings, needs the most attention. But other countries are no exception, such as Finland [4].

The authors note the importance of modernization of residential buildings in their articles. It is like a
necessity for energy efficiency [5]. Improving living conditions and increasing the cost of housing also [6].
Prevent the degradation of areas with old residential buildings [7]. The need for the regeneration of social
housing development is considered in the example of France, Belgium and Italy [8]. Economic and social
aspects are noted. The need for modernization of residential buildings is considered on the example of
Kazakhstan, a post-Soviet country [9].

An analysis of the ecological and economic development of the country is considered on the example
of Lithuania [10]. Modernization of residential buildings is one of the factors in achieving ecological and
economic sustainability of cities.

In the context of consideration of indicators of sustainable modernization, it is not an exception to
consider the construction and use of a global indicator of sustainability [11]. Many researchers note the need
for responsible energy consumption and environmental protection. In accordance with the principles of
sustainable development, responsible production and consumption of primary energy resources will provide
the opportunity for economic prosperity and a healthy life for future generations. The system of indicators of
the modernization of the world is studied [12]. Sustainable urban development should focus not only on
modern construction, but also on original natural ecosystems and traditional cultural protection [13]. The
measurement of sustainability is not only a controversial issue, but also attracts the attention of both scientists
and politicians since the late 1980s [14]. International indicators of sustainable development were considered
even before adopted agenda in the 2015 for Transforming our world: the 2030 Agenda for Sustainable
Development [15]. The study is based on certain goals of sustainable development, declared by the adopted
agenda in 2015 and predominantly focused on the issue of solving environmental problems. [16,17]. Indicators
are mostly defined specifically for sustainable development in general [18]. Models and strategies for the
regeneration of residential buildings are determined on the basis of sustainable development, as the
achievement of the 11th goal — sustainable development of cities [19]. Of course, the success of any
transformation depends on the ways of its implementation. The difference between regeneration and
sustainable modernization remains an open question.

Objectives and tasks. The aim and task of this work is to identify exactly the indicators of sustainable
modernization of multi-apartment residential buildings. Predominantly, the issue of modernization is
considered as ecological modernization, including the energy efficiency of buildings. The issue of improving
the quality of living conditions, such as preventing the degradation of neighborhoods with outdated residential
buildings and increasing the value of square meters of housing, is considered separately. Taking into account
the instructions and recommendations of the UN departments, which determine the general goals and strategies
of sustainable development, including the sustainable development of cities, there is a need to define indicators
of sustainable modernization of residential buildings. After all, in accordance with the principles of sustainable
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development, in order to achieve all the goals of urbanization, it is necessary to have a general concept of
sustainable modernization of multi-story residential buildings as an integral part of cities.

Materials and Methodology. A qualitative analysis of publications and their research revealed gaps in
the identification of sustainable modernization of residential building. The analysis of state and non-state
studies, recommendations, reports and conclusions of UN departments, which focus on global indicators of
sustainable development, provided the basis for determining indicators specifically for the modernization of
multi-apartment residential buildings on the basis of sustainable development. In this work, descriptive and
explanatory methods provide information on the identified indicators of sustainable modernization of
residential buildings.

Results. Analysis of information on sustainable development, including the UN System-Wide Strategy
on Sustainable Urban Development, defines certain parameters of sustainable development in relation to
construction. The interrelationship of the goal of sustainable cities and communities with other goals of
sustainable development is noted [20]. Construction covers most goals [21].

Modernization of multi-apartment residential buildings is one of the goals of achieving sustainable urban
development. Sustainable development of cities and communities is one of the parts of achieving the goals of
sustainable development.

The main parameters of the new course of modernization of cities and residential development are:
1. Restoration and development based on the best international experience using modern solutions and "green"
technologies.

2. Regeneration on the basis of sustainable development.

3. Energy independence — decarbonization of buildings and systems due to a significant increase in their energy
efficiency.

4. Inclusiveness — creation of a favorable environment for equal access and opportunities for all citizens and
fair distribution material and social benefits.

5. Civil protection — creation of space to ensure maximum safety for the population.

Based on the analysis and collected foreign experience, it is necessary to achieve the following goals of
sustainable modernization of housing development:

1. Bringing all buildings into compliance with local and state laws, rules and regulations.
2. Involvement of residents and condominiums and other interested parties even before the development and
financing of the project.

3. Promoting interest and interaction and meeting the needs of residents in the development of the project.
4. Taking into account the needs of residents in the architectural and planning decision, priorities and
requirements of the scope of modernization, advantages of construction and planning.
5. Assistance to co-owners in consultations and social support.

6. Facilitation of cooperation and analysis for the improvement of construction systems of further maintenance.
7. Taking inclusiveness into account when developing architectural and planning solutions for the house and
the  surrounding area to ensure access for all segments of the  population.
8. Control of the penetration of air and moisture into the premises to prevent a change in the healthy
microclimate and mold.

9. Improving the attractiveness, durability and functionality of apartments and common areas.
10. Use of materials and products that are durable and safe for the environment and people.
11. Modernization of independent year-round microclimate systems of a residential building with a focus on
local regulation in each apartment.

12. Autonomy of all possible building systems.

13. Decarbonization and reduction and savings on energy carriers.

14. Electro Modernization.

15. Use of effective methods of planning modernization projects, such as improving the quality of work and
reducing costs, reliable phased design for preparatory and construction works in order to reduce the risk of
disruptions in the lives of residents during modernization and for the effective realization of the project.

In order to declare a sustainable complete modernization, and not a partial one, which in a certain way
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satisfies the conditions of sustainable development, such as energy efficiency, it is necessary to define
indicators. The general set of such indicators can confirm the sustainable modernization of residential
buildings. The indicators are shown in Figure 1.
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Figure 1. Indicators of sustainable modernization of residential buildings.

In order to determine the sustainable modernization of residential buildings, it is necessary to be guided
by the specified indicators, as a set of parameters of the new concept. Sustainable modernization means
meeting today's housing needs with future generations in mind. Sustainability can be achieved only with a
comprehensive approach to modernization works: an inclusive architectural and planning solution and
restorative engineering and construction works. At the same time, the architectural and planning solution
should ensure comfortable and safe living conditions and inclusiveness of the house and the surrounding area.
Regeneration works should ensure restoration of the technical condition of the building and energy efficiency
due to the use of safe building materials and the latest engineering technologies. This set of works should
provide a solution to the modernization of residential buildings for many years to come. This will be achieved
by bringing the building to an engineering and technical condition that meets modern needs and norms, and an
inclusive planning decision.

I would like to highlight a study that confirms that the regeneration of old buildings is not a utopia. The
study was conducted even before the approval of the agenda of sustainable development until 2030. But even
then, the need to modernize residential buildings was noted, taking into account today's needs and thinking
about the future. The research concerned the concept of sustainable development and consideration of the
regeneration of the housing stock without resorting to demolition [22]. For many years, researchers have been
determining the problems of old residential buildings, especially the period of mass residential construction
after the Second World War. There are not only the post-Soviet countries or Eastern Europe. The housing stock
of this period is energy inefficient and needs repair work, at least to restore the technical condition.

All programs and projects are aimed at energy efficiency. Funds for energy efficiency [23] and
modernization [24] are being created; green bonds to finance energy efficiency, as an example [25]. But
proposals for complete modernization are isolated cases, such as the example of the USA in the city of New
York [26].

Today, the goals of sustainable development are increasingly discussed. The issues of energy efficiency
and restorative repair work of old residential buildings have not become less relevant. Therefore, the
regeneration of residential buildings should be considered on the basis of sustainable development. In this
regard, there is a need to determine indicators of sustainable modernization of residential buildings in order to
understand the importance of regeneration processes in accordance with the sustainable urban development.

An important factor is the rethinking of approaches to the definition of modernization. Due to the
identified indicators, a new concept of sustainable modernization is emerging. Which reveals the following
parameters shown in Figure 2.
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Figure 2. The concept of sustainable modernization.

The modernized building and the surrounding area should be inclusive, safe, comfortable and modern.
In turn, this leads, in addition to achieving sustainability, such as energy efficiency, inclusiveness and economic
growth, to savings on heating and increasing the value of living space.

Conclusions. Due to the proposed model and the indicators that determine it, a new vision of sustainable
modernization of housing development is offered. The development of modernization projects taking into
account these indicators will help to solve the issue of sustainable cities and communities. Ensuring
environmental protection, promoting economic growth, ensuring social development, preventing the
degradation of areas with old, unattractive and energy-inefficient residential buildings. For the co-owners of
residential buildings, this concept provides savings on the payment of energy carriers and an increase in social
and economic well-being due to the increase in the price of square meters of housing and improvement of the
quality of housing. For the country, it means improving the image as a modern and stable city that is attractive
from the point of view of tourism and investment.

Currently, the focus is on programs and projects related to energy efficiency. Complex regeneration of
residential buildings, which achieves the goals of sustainable development, are isolated cases. Such projects
involve restoration of the building to the appropriate current state, due to which energy efficiency is achieved.
But such projects based on the principles of sustainable development, such as the modernization of residential
buildings taking into account inclusive redevelopment and restoration of the technical condition to date, as a
concept or an existing project, are not considered.
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THIUKATOPU MOJEPHI3AIII BATATOKBAPTUPHUX BYJIUHKIB
HA 3ACAJJAX CTAJIOT'O PO3BUTKY
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AHoTauisi. MozaepHi3auis )KUTI0BUX OyIMHKIB Ha 3acajax CTaJIOro pO3BUTKY MOBUHHA BPaXOBYBaTH HE
JuIIe eHeproe(eKTHBHICTL. AJDKE 3aBIaHHS CTAJIOr0 PO3BUTKY MICT — IHKITIO3MBHICTH Ta Oe3meka. Yci mii
CTaJIOTO PO3BHUTKY B3aEMOIIOB A3aHi. byniBenbHa ramy3s Biirpae BUpIiIalbHy POJb Y JOCATHEHHI MaiKe BCixX
uinei. 3 ooy Ha Te, Mo cTapi OyAMHKH 3a3BUYail TOTpeOyI0Th MOEpPHI3allil, MPOEKTH MalOTh BPaxoBYBaTH
IHKJTIO3MBHI TUIAHYBQJIbHI PpIilICHHS, PEMOHT 3acTapiiiX 4YacTWH Ta I1H)KEHEPHHUX CHUCTEM OYIUHKY,
eHeproeeKTUBHICTH, a TAKOXK OE3MeKy Ta MPUBAOIUBICTD JUISI T IBUIICHHS PUHKOBOT BapTOCTI. TaKuii miaxin
PO3IISAAETHCS Yepes Te, IO MPAKTUIHO BC1 IPOrpaMu MOAEPHI3aLlii IPOIOHYIOTh JIMIIE €HEProeeKTUBHICTb.
EneproedekTHBHICT, HE OXOIUIIOE HEOOXiTHI peMOHTH OyIiBII Ta HE BHpIIIye iHINI 3aBIAHHS CTaJlOTO
po3BHUTKY. JKWTIOBI OymIWHKH Ta NMPUOYIWHKOBA TEPHUTOPIS € CyTHICTIO MicT. be3 cramoi monepHizartii
JKUTIOBHUX OYIWHKIB METa CTAJIOTO PO3BHUTKY MICT He Oyne TOCATHYyTA.

VY 3B’3Ky 3 LIMM 3alpoNOHOBAaHO KOHIEMLII0 MOAEPHi3alii )XUTIOBUX OyJHHKIB Ha 3acajax CTajloro
po3BHUTKY. Bu3HaueHo iHIUKaTopu Ta KpHTepii, SKi HEOOXiTHO BPaxOBYBAaTH MPH pPO3pOOII IMPOEKTIB
MOJIepHIi3amii KUTIOBUX OyAuHKIB. TOOTO OBHHUI peMOHT OYmiBIII Ta MPHIIETIIOl TEPUTOPIi, TK MOACPHI3aITlis
Ta PEMOHTHI pOOOTH 3 ypaxyBaHHSM iHKJIIO3MBHOCTI Ta BiJHOBJIICHHS TEXHIYHOTO CTaHy. ApPXiTEeKTypHO-
IUTaHYBaJIbHI PIIICHHS Ta IHXCHEPHO-0yIiBeIbHI POOOTH CITiJ PO3IVISAATH SIK €JMHUIA KOMILJICKC POOIT 3 TOBHOT
PEKOHCTPYKITi Ta BiNHOBJICHHS JJII CTBOPECHHS KOMGOPTHUX 1 OE3MEUYHWX YMOB IPOXHBAHHSI 3 METOIO
JNOCSATHEHHS LIeH CTajJoro po3BUTKY.

KurouoBi ciioBa: iHInKaTopu MofiepHi3aii, >KUTI0BI OyIUHKH, MOJIEpHi3allisl, CTallii PO3BUTOK, CTasla
MOJICpHIi3allis





