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Abstract. The need to analyze the regulatory framework governing the energy efficiency of the
building envelope of residential premises is associated with the existence of a significant number of
dwellings built during the Soviet era in Ukraine, which currently makes up the lion's share of the
entire existing housing stock. The high pace of mass construction at that time was achieved through
the speed of assembly work, the simplicity of the materials, and the unpretentious nature of the
structures; consequently, energy efficiency was never a priority. Upon Ukraine's independence and
the transition from a planned economy to a market economy, energy tariffs began to increase, which
led to the need to build according to different standards. Beginning in 1994, a new regulatory
framework of independent Ukraine began to take shape, starting with legislative acts. This, in turn,
resulted in the creation of relevant government agencies and new energy-saving requirements, which
began to be implemented in the construction sector. And while modern regulatory requirements for
energy efficiency in new construction take into account the need to save energy, such requirements
are not practically available in the Soviet regulatory framework, as its analysis has shown. This key
factor must be taken into account in future studies of the condition of residential buildings.
Consequently, the housing stock built since Ukraine gained independence differs significantly from
the Soviet-era stock in terms of energy saving. Studying, understanding, and addressing the issue of
low energy efficiency in the obsolete housing stock will enable a rational approach to the
implementation of thermal modernization, taking into account modern construction materials and
construction technologies. After all, carrying out thermal modernization work on existing housing on
a nationwide scale will allow, firstly, a significant reduction in the load on energy networks and,
secondly, a significant reduction in energy consumption and heating and air conditioning costs. The
long period of Soviet-era construction left behind hundreds of millions of square meters of housing
stock that is both structurally and physically dilapidated. It constitutes a significant part and requires
major thermal retrofitting and the costs associated with implementing this project. Part of the Soviet-
era housing stock has already reached the standard depreciation period, and the question of whether
it remains feasible to continue operating these buildings and whether they can be modernized remains
a pressing issue. In addressing this issue, attention should be paid both to the existing experience of
implementing thermal modernization solutions by Ukrainian associations of co-owners of multi-
apartment buildings and to the experience of the countries of the former Warsaw Pact.
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Introduction. The regulatory framework of the Soviet period in Ukraine (1917-1991)
generally did not contain requirements regarding the energy efficiency of residential buildings.
Geopolitical processes, forced industrialization, collectivization, repressions, the Holodomor, and the
Second World War caused migration of Ukrainians from rural to urban areas [1-2], which required a
large number of inexpensive multi-apartment housing with rapid construction pace.

Such housing did not provide for the metering of heat consumption, as the cost of energy
resources for the population was minimal, regulated by the planned economy [3], and remained
unchanged for decades [4].
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Under these conditions, the production of energy efficient materials or the implementation of
energy-saving construction technologies was considered economically impractical, since they
required more time and resources for the modernization of production facilities. The widespread use
of thin-walled prefabricated structures with high thermal conductivity made newly constructed
housing inexpensive and affordable. It is commonly known that the energy efficiency is directly
related to the amount of energy consumed during building operation, however, the Soviet ideological
philosophy of "free" services was sustained for a long time by low-cost electricity, natural gas, and
fuel oil supplied to the population, creating an illusory bubble of large-scale Soviet housing
construction. Consequently, low maintenance tariffs for buildings with low energy efficiency created
conditions under which the construction of energy-efficient housing was considered economically
unjustified for many years.

Thus, during the pre-war and post-war Soviet periods, approximately 740 million m? of housing
were constructed (Fig. 1), including such building types as "stalinka", "hostynka", "malosimeika",
"khrushchevka", "brezhnevka", "cheshka", "sovmin", and others, which account for approximately 80%
of Ukraine’s total housing stock and share a common problem — they are not energy efficient [5].
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Fig. 1. Dynamics of housing construction in Ukraine

Purpose and Objectives. The purpose of this study is to investigate the causes of the low
energy efficiency of building envelope of residential buildings constructed during the Soviet period
and to analyze the requirements of the modern regulatory framework aimed at improving energy
efficiency. The objectives of the research are to identify differences in the energy efficiency of
residential buildings constructed in different periods, with a view to further investigation, assessment,
and justification of the implementation of construction technologies for the thermal modernization of
the existing housing stock.

Materials and Methods of the Research. The research materials include the regulatory
framework of both the Soviet period and independent Ukraine governing the thermal conductivity
requirements of building envelope, as well as laws, governmental regulations, statistical data, and
professional publications. The methods of the research are based on a combination of scientific
methods, namely the comparative-analytical and the system-structural methods.

Main body. The first regulatory reference to the use of thermal insulation materials in
construction at that time is found in the "Decree of the Council of Labour and Defence" of 1926 [6].
It should be noted that the requirements of that period were primarily related to fire safety, as
apartments were equipped with stove heating systems. Therefore, the reference in this decree to the
use of thermal insulation materials in the form of boards or mats with a thickness of at least 15 cm
was intended to ensure the fire resistance of structural wall components in the event of a fire.

The term "thermal conductivity”" as a physical quantity first appeared in OST 4531 [7],
"Construction Heat Engineering", and in the work of K.F. Fokin, "Construction Heat Engineering of
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Building Envelope" [8]. Subsequently, the standards for thermal resistance (R) were introduced in the
series of Construction Norms and Regulations (SNiP). These were the main systematized documents
of the Soviet era and the construction industry: SNiP 1954 [9]; 1962 [10]; 1971 [11]; 1979 [12]; 1987
[13]. Thermal calculations of building envelope were aimed at saving construction materials while
ensuring a minimum thermal-humidity regime inside buildings. This primarily supported compliance
with sanitary standards but did not address the issue of the energy efficiency of buildings.

Only in 1985 was the "Guidelines for Thermal Calculation and Design of Building Envelope"
[14] issued, which stated that external walls made of multilayer structures were promising compared
to single-layer external walls and had advantages in improved thermal protection properties and
reduced heat losses in both winter and summer periods. These guidelines were developed in
accordance with Section SNiP II-3-79 "Construction Heat Engineering" [12], which provided general
methods of thermal calculations. Special attention was paid to the possibility of performing these
calculations using the SNIP1 software on computers of the SM-3 and SM-4 models, produced by the
Kyiv Scientific and Production Association "Electronmash" [15].

SNiP II-3-79 "Construction Heat Engineering" [12] continued to be in force after Ukraine
gained independence and was amended in 1996 [16] regarding the requirements for the thermal
resistance of building envelope.

From 1991 to 2000, the residential construction pace in Ukraine decreased threefold, from
17.447 million m? to 5.558 million m? per year. This situation arose due to a change in the main
investor and general contractor, previously represented by the state. The denationalization and
privatization of construction facilities resulted in limited capital investment in construction. It was
particularly difficult to allocate financial resources for the construction of multi-apartment residential
buildings and large industrial facilities [17].

The regulatory framework on energy saving during the period of Ukraine’s independence began
to be shaped around the Law of Ukraine "On Energy Saving" [18], adopted on July 1, 1994. This Law
defines the legal, economic, social, and environmental foundations of energy saving for all
enterprises, associations, organizations located on the territory of Ukraine, as well as for its citizens.

By the Decree of the President of Ukraine No. 666/95 of July 26, 1995 [19], a central executive
authority — the State Agency on Energy Efficiency and Energy Saving of Ukraine — was established
to ensure and implement state policy in the fields of efficient use of fuel and energy resources, energy
efficiency, and alternative fuels.

The Comprehensive State Energy Saving Program of Ukraine, approved by Cabinet of
Ministers Resolution No. 148 of February 5, 1997, was aimed at overcoming the energy crisis,
reducing the energy intensity of GDP, and introducing energy-efficient technologies in industry,
housing and utilities sector, and the public sector [20], which became a prerequisite for the
implementation of energy metering and the use of renewable energy sources.

The subsequent Law of Ukraine "On Alternative Fuels" [21] of January 1, 2000 defines the
legal, social, economic, environmental, and organizational principles of the production (extraction)
and consumption of alternative liquid and gaseous fuels based on the use of non-traditional sources
and types of energy feedstock.

The first full-scale Ukrainian State Building Codes DBN V.2.6-31:2006 "Buildings and
Structures. Thermal Insulation of Buildings" [22] introduced a methodology for calculating the
energy passport of buildings and significantly increased insulation requirements (Table 1).

DBN V.2.5-67:2013 "Heating, Ventilation and Air-Conditioning" established requirements for
automation of heating systems and mandatory heat metering [23].

DBN V.2.6-31:2016 "Thermal Insulation of Buildings" is an updated version of DBN V.2.6-
31:2006. It introduced mandatory classification of energy efficiency (classes A, B, C, D, E, F) [24].

The Law of Ukraine "On the Energy Efficiency of Buildings" (2017) [25] defines the legal,
economic, and organizational framework for ensuring the energy efficiency of buildings, as well as
creating conditions for the rational consumption of energy resources within them.

Further regulatory framework was closely aligned with the harmonization process with the
European Parliament Directives [26]. The fundamental Law of Ukraine "On Energy Efficiency" [27]
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of November 1, 2021, implements European energy efficiency standards. This Law establishes target
indicators for annual reductions in energy consumption, introduces energy audits, "smart grids", and
promotes ESCO mechanisms (Energy Service Company) [28].

DBN V.2.6-31:2021 "Thermal Insulation and Energy Efficiency of Buildings" increased the
requirements for the minimum permissible value of thermal resistance (R) [24].

DBN V.1.2-11:2021 "Energy Saving and Energy Efficiency" [29] defines the concept of "nearly
zero-energy buildings" (NZEB) [30].

Table 1 — Comparison of the thermal resistance of building envelope
in the I zone of Ukraine across different periods

Period (years) of buil d?ﬁ;ggjgg;:i%i;_ KIW) General objective
| 19542006 || ~0.9-1.0 [ Sanitary minimum |
| 20062013 || 2.8 [ Energy saving |
| 20132021 | 3.3 [ Energy efficiency |
from 2022 4.0 Energy i%ﬁilf‘gi enerey

As of early 2026, Ukraine’s housing stock is undergoing active transformation due to
significant destruction caused by the full-scale war and, simultaneously, a rapid recovery of
construction pace in safer regions. Its estimated volume is approximately 10.2 million buildings, with
a total area of 1,066.6 million m? [31].

According to the fourth report "Rapid Damage and Needs Assessment (RDNA4)" on damages
caused by the large-scale invasion of Russia [32], as of February 2025, between 10% and 13% of
Ukraine’s total housing stock has been damaged or destroyed.

According to data from the State Agency on Energy Efficiency and Energy Saving of Ukraine,
the residential sector consumes 32% of the country’s total energy and is one of the most energy-
intensive sectors. Most multi-apartment buildings were constructed during the Soviet era, and
approximately 80% of the housing stock requires comprehensive thermal modernization [33].

The energy efficiency class of a building is determined based on DBN V.2.6-31:2021
"Thermal Insulation of Buildings" [24], DBN V.1.2-11:2021 "Energy Saving and Energy Efficiency"
[30], and the Law of Ukraine "On Energy Efficiency of Buildings" [27].

According to Order No. 172 of July 11, 2018, "On Approval of the Procedure for Certification
of Energy Efficiency and the Form of the Energy Performance Certificate" [34], the minimum energy
efficiency requirements (Fig. 2) are established based on the thermal resistance values of building
envelope (m?-K/W), represented by the following energy efficiency class scale in RGB colors:

h_lgh Level ofenerey efficiency Class A — dark green (50; 160; 110)
B Class B — green (150; 200; 60)
Class C — turquoise (190; 230; 190)
£ Class D — light yellow (250; 200; 150)
o Class E — dark yellow (250; 200; 40)
E Class F — orange (250; 150; 50)
F Class G —red (240; 50; 50)

low level of energy efficiency

Fig. 2. Energy efficiency class scale [34]

According to the requirements of DBN V.2.6-31:2021 [24], the minimum permissible value of
the design thermal resistance of building envelope for residential and public buildings, Rqmin, is 4.0
m?-K/W for Climate Zone I and 3.5 m*-K/W for Climate Zone II.
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Conclusions. A distinctive feature of residential construction in Ukraine during the Soviet
period (1918-1991) was the absence of energy efficiency considerations as such. Since energy
resources were inexpensive while construction materials were in short supply, the applicable
regulations encouraged a transition from mass walls to lightweight structures. The primary purpose
of the thermal resistance requirements for building envelope was to prevent wall freezing while
minimizing the consumption of scarce construction materials such as brick, concrete, and others, and
the wall thickness calculations were determined not by energy-saving considerations but by the need
to avoid the "dew point" [35].

Given that the first tightening of wall thermal resistance requirements in Ukraine occurred in
1994 [18], it may be assumed that buildings erected between 1994 and 2021 were constructed with
somewhat thicker walls or with the use of more energy-efficient construction materials, such as
hollow ceramic blocks, cellular concrete, thermal insulation systems, and energy-efficient windows
etc. Although these buildings perform better than earlier Soviet-era series, they still experience
considerable energy losses due to the lack of energy-efficient windows, insufficient thickness of the
thermal insulation systems, walls, or the lack of insulation materials and heating control systems, and
therefore do not comply with current requirements.

In view of the above, further study will focus on assessing the condition of the existing housing
stock, its remaining service life (Table 2), the feasibility of installing thermal insulation systems and
upgrading engineering systems, and the development of thermal modernization solutions for the
existing housing stock. Particular attention should be paid both to the existing domestic experience
of thermal modernization implemented by associations of co-owners of multi-apartment buildings
[36] and to the successful experience of the countries of the former Warsaw Pact [37].

Table 2 — Description of residential buildings constructed during the Soviet period and their energy
losses

Service Normative
Building type . demolition
life, years .
period, years

Energy losses due to structural
features

Lack of energy-efficient
materials during
construction; non-energy-
efficient windows and doors;
125-150 2050-2110 | lack of insulation of walls,
roofs, and plinths;
dependence on central
heating; lack of heating
control systems

vBiuiiAding with a spire in
(1951), "stalinka", series 11-01, 11-03.
Construction period: 1933-1961

Frost penetration at panel
joints; insufficient wall
thickness; lack of energy-
efficient materials during
construction; non-energy-
50-100 2006-2072 | efficient windows and doors;
. lack of insulation of walls,

|- G e 3 roofs, and plinths;
Darnytska Square, mid-1960s; dependence on central
Buildings of series 1-438; 1-464; heating; lack of heating

1-480, "khrushchevka" control systems.
Construction period: 1956-1972
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Continuation of Table 2

Frost penetration at panel
joints; insufficient wall
thickness; non-energy-
efficient windows and doors;
lack of insulation of walls,
roofs, and plinths;
dependence on central
Residential area "Rusanivka" [36], Kyiv. heating; lack of heating
Buildings series 1-KG-480, "cheshka" control systems.

100-125 | 2065-2102

Construction period 1965-1977
]

Frost penetration at panel
joints; insufficient wall
thickness; non-energy-
efficient windows and doors;
lack of insulation of walls,
roofs, and plinths;
dependence on central
heating; lack of heating
control systems.

100-125 | 2076-2140

— £
Residential building in the "Obolon"
residential area [36], Kyiv.
Series 111-96-3.
Construction period: 1976-2015.
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AHoTanisa. HeoOxinHiCTh aHamily HOpMaTuBHOI 0a3W 3 EHEpPreTMYHoi e(eKTUBHOCTI
OTOPOKYBAJTHHUX KOHCTPYKIIIH KUTIOBUX MPUMIIICHh BUKIIMKaHA HASBHICTIO 3HAYHOI KUTBKOCTI
XKUTIA, M0 Oyno moOyaoBaHO 3a YaciB paJssTHCHKOI YKpaiHU i sike Hapas3i CKJIaJa€e JEBOBY YacCTKY
YChOTO HAsIBHOTO KUTIIOBOTO (hoHAy. TorouacHi BUCOKI TEMIH MacOBOTO OyIIBHHUIITBA JOCATAINUCA
MIBUJIKICTIO MOHT@)XHHX POOOT, MPOCTOTOK MarepialliB Ta HEBHOATTIUBICTIO KOHCTPYKIIIHA, TOMY
MUTAHHS €Heproe()eKTUBHOCTI He Oyl0 BaXKIMBUM. 3 OTPUMAHHAM YKpaiHOIO HE3aJeXHOCTI Ta
MEPEXO0JIOM BiJl MJIAHOBOI €KOHOMIKHM Ha PUHKOBY, Tapu(u Ha €HEeproHoCii Mmovyaau 3pocTaTH 1 1ie
MIPU3BEIIO 10 HEOOXiMHOCTI OymMyBaTH BXKE 3a IHIIUMH HOpMaTuBaMu. Tak, mounHaroun 3 1994 poky
noyana (GopMmyBaTHCs HOBa HOpMaTHBHa 0a3a HE3alie)KHOI YKpaiHU MOYMHAIOYM 3 3aKOHOIABUMX
aktiB. Lle, B cBOIO yepry, MpU3BENIO JO CTBOPCHHS BIAMOBIAHUX JEP’KaBHUX IHCTUTYIIHA 1 HOBHX
HOPMAaTHBHHUX BUMOT JI0 €HEPro30epeKeHHs, sIKi MoYaiy BIPOBAIKYBATUCS y OyIiBHUITBO. | SIKIIIO
Cy4acHi HOPMaTHBHI BUMOTH 3 €HEproeQeKTHBHOCTI, IPU HOBOMY OYIiBHHIITBI, IPYHTYIOThCSI Ha
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HEOOX1HOCTI 3a011a/PKYBaTH €HEPTrito, TO Y paIsSHCHKIN HOPMATHUBHIH 0a3i, sIK MOKa3aB 11 aHai3, Taki
BUMOTHU TMPAKTUYHO BiacyTHi. Lleil kiarouoBuii (akrop moTpiOHO BpaxoByBaTW NpU MOAATBIIMX
JOCH/DKEHHAX CTaHy MXHUTIOBUX cropyd. Otxke, kUTIoBUH (QoHA MnoOynoBaHHMH 3a daciB
He3aJIeKHOCTI YKpaiHHU 3a SKICTIO €Hepro30epekeHHs CTaB CYTTEBO BIAPIZHATHCS BiJl PaJsTHCHKOTO.
BuBueHHSs1, po3yMiHHS 1 BUpiIEHHs IPo0IeMU HU3BKOi €Heproe()eKTUBHOCTI 3aCTapisoro KUTIOBOTO
GOHIY MO3BONUTH pAalliOHAIBHO TMIAIATH /0 THTAaHHS BIPOBAKEHHS TEPMOMOJEPHI3alii,
BPaxOBYIOUM Cy4acHi Oy/miBeIbHI MaTepiaiy Ta TeXHOJOoTii OyaiBHUIITBA. AJKe TPOBEIEHHS pOOiT 3
TEPMOMOJIEpHI3allii ICHYIOYOI'0 )KUTJIA B MAacIITabax yciei KpaiHH 103BOJIMTD, y TIEPIILY YEPTy, CyTTEBO
3HM3UTH HAaBAaHTAKCHHS Ha EHEPreTUYHI MEPEXi, a O-APYre, 3HAYHO 3MEHIIUTH €HEProCIIOKUBAHHS
Ta BUTPATH HA OTAJICHHS 1 KOHIUIIOHYBaHHs. TpuBaInii mepioa paasHCHKOTO OyNiBHUIITBA 3aJIUIINB
y CHaJI0K COTHI MUIbHOHIB KBaAPAaTHUX METPIB MOPAJIBHO 1 ()13MUHO 3HOIIEHOTO KUTIOBOTO (POHITY.
Bin cTaHOBUTB 3HAUHY YaCTUHY 1 MOTpeOye KamiTaabHOT TEPMOMOJIEpHI3aIlii Ta BUTPAT HA peaTi3allito
L[bOTO 3aBJjaHHA. YacTHHA XKHUTIOBOrO (POHIY pasIHCHKHMX YacCiB BXKE 10CSIIIa HOPMAaTUBHOI'O MEPIoay
3HOCY 1 mpobiemMa NOAajbIloi JOLUIBHOCTI HOro ekciulyaralii 1 MOMJIMBOCTI MoJepHi3arii
3aJIMIIAETHCS AKTYaJIbHO0. Y BUPINIECHH] Li€T MPOOIeMH BapTO 3BEPHYTH yBary sk Ha BXKe ICHYIOUHH
JIOCBiJl BIPOBA/PKEHHS PilIeHbh TEPMOMOAEPHi3alil yKpaiHCbKUMHU 00’ €IHAHHSAMH CIiBBIACHUKIB
OaraTokBapTHpHUX OYIMHKIB, TaK 1 BUBYEHHIO 10cB1ly Kpain konumHboro BapuaBcbkoro 6510ky.
KirouoBi cioBa: oropo/mkyBaibHI KOHCTPYKIIii, HOpMaThBHA 0asa, OymiBEeJIIbHI HOPMH 1
npaBujia, JepXaBHI OymiBeJIbHI HOPMH, 3aKOH VYKpaiHH, €HEepro30epeXeHHs, CHEepreTuyHa
e(eKTHBHICTb, ONIp TeIUIonepeaayl, KUTIOBUI (GoHA, TUIIOBA cepisl, AMHAMiKa Oy/liBHUITBA.
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