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Abstract. This study aims to evaluate the influence of sharply continental climatic con-
ditions on heat transfer processes through external wall structures of residential buildings in
Kazakhstan, characterized by significant annual temperature amplitudes, a prolonged heating
period (up to 210 days), and high values of heating degree-days (HDD). The methodology is
based on a comprehensive analysis of regional climatic parameters, including temperature
regimes, heating period duration, HDD, humidity, wind characteristics, and solar radiation,
combined with the assessment of heat transfer through building envelopes using steady-state
heat flux equations, and supplemented by thermographic inspection of a typical multi-storey
residential building in Almaty at outdoor temperatures ranging from —11 to —15 °C. The re-
sults demonstrate a pronounced spatial differentiation of climatic load: northern, central, and
eastern regions are characterized by the highest HDD values and the greatest demand for
thermal energy, while southern regions, including Almaty, are also subject to significant heat
losses due to temperature fluctuations and the presence of thermal bridges. Thermographic
analysis revealed local temperature anomalies of up to 8—12 °C in structural junction areas,
indicating reduced thermal resistance. The findings confirm the key role of both climatic fac-
tors and structural characteristics of building envelopes in the formation of heat losses and
Jjustify the need for developing climate-adaptive energy-efficient solutions.
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Anparna. byn zepmmey Kazaxcman aymagvinoa mypauvin yiliepoiy Cblpmkbl Kabvlpea
KOHCMPYKYUSILAPbL APKbLLIbL JHCHLLY AIMACY npoyecmepine Kypm KOHMUHEHMMIK KIUMAm
AHCaOaUNapvinbly — acepin  bazanayea  OALIMMAN2AH, Ol  QUMAPILIKMAL  HCbLIObIK
memnepamypa ayblmkynapblMeH, Y3aK Hcolivimy maycoimvimen (210 maynikke Oetiin) dcane
acelibimy  epaodyc-kynoepiniy (HDD) owcozapvt mandepimen cunammanaowl. Odicmeme
AUMAKMblK KIUMAMMulK napamempnepoi, COHulH iWiHOe memMnepamypansik pexcumoepoi,
JHCHLILIMY  KeseHiHiy — y3akmouleviH, HDD  kepcemkiwiii,  blI8ANObLILIKMbL, el
CUNAMmMamanapvii JHcaHe KyH paouayusicbli KewleHOi manodayea Heliz0eleeH, COHOal-ak
CMAYUOHAPTILIK JHCHLLY a2bIHbI menoeynepi He2i3iH0e KOpuiay KOHCMPYKYUALAPLL ApKblLibl
JHCHLTY AIMACYObl OARANAYMEeH MONbIKMbIPLLIRAH JHCIHe Almamel KalacCblHOG2bl MUNMIK
KenKabammol MYpeulH yiee JHCypeisineen mepmozpapusnvlk 3epmmeymeHr (Colpmkbl aya
memnepamypacol —11-0en —15 °C-xa Oetiin) monvikmulpviiean. Homuowcenep kiumammaol
JHCYKMeMeHiH QUKbIH KeHICMIKMIK ouggeperyuayuscoln kepcemeoi. CONMYCmiK, Opmanslk
Jcone wwvizvlc oyipnep HDD manoepinin stcozapvl OOIYbIMEH HCIHE JHCHLLY IHEPLUACHIHA el
YAKeH CYPAHbiCNeH CUunammaicd, OHMYCmiK OHyipiep, COHblY [winde Aimamul,
MmemMnepamypaHvly, ayblmKybl MeH HCbLITy KONipaepiniy OOIYbIHA OAUIAHbICMbL eleyi HCbLLY
WbIRLIHOApbIHG  Yublpatiovl.  Tepmoepagusnvly manoay KoHCMPYKMUSMIK myticnenep
aumakmapuvinoa 8—12 °C Oeiiinei sicepeinikmi memnepamypanvly ayblmgyiapobl aubiKman,
Oyn JHcwlly Keoepeiciniy meMmeHOeyiH Kopcemeoi. AnviHean Hamudicenrep KIUMAMMbIK
Gaxmopnap meH KOpuiay KOHCMPYKYUSIAPBIHbIY KYPbIIBIMObIK epeKuleNiKmepiHiy JHCbLLy
UBbIRLIHOAPBIHBIY — KAILINMACYLIHOASbL  Weyui  poniH  pacmauobl JHCoHe KIUMAmKa
betiimoencen sHepaus muimoi uiewimoepoi a3ipney Kaxrcemminiein He2iz0euoi.

Tyilin ce3uep: xiumammulx atimakmap, Kabwvipaa KYpbliblMOApbl, HCHLLY HCOLAINY,
KOPULAyuivl KYPuLIbIMOAp, mypaKmol KYPbliblC
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Aunorauus. /lannoe uccredosanue HANPAGNeHO HA OYEHKY GIUAHUSL  DE3KO
KOHMUHEHMATbHbIX KIUMAMUYECKUX YCII08Ull HA NPOYeccyl menjionepedadu yepe3 HapyicHvle
cmeHosble  KOHCMpYyKyuu  ocunvlx  30anuti 6  Kazaxcmane, xapaxmepusyrowezocs
SHAYUMENbHBIMU 20008bIMU  AMNIUMYOAMU MeMnepamyp, ONUMeNbHbIM OMONUMenNbHbIM
nepuooom (0o 210 cymox) u evicokumu 3Hauenusmu epaoyca-cymox omonnenus (HDD).
Memoodonozusi ocHo8ana HA KOMNJIEKCHOM aHANU3e Pe2UOHANbHBIX —KIUMAMUYECKUX
napamempos, 8KuYds MmemMnepamypHsle pexicumbl, NPOOOIHCUMENTbHOCHb OMONUMENbHO2O0
nepuoda, HDD, enasicnocms, 6empogvle XapakmepucmuKku U COTHEYHVI0 paouayuio, ¢
nocneoyioujeli OYeHKou menionepedayu udepes ozpaxcoaroujue KOHCMPYKYUU HA OCHOB8e
VPasHeHuil CmayuoHapHo20 meniogo20 NOMoKA, a Maxdce OONOIHeHa mepmozpaghuieckum
06cnedosanuemM muno8o20 MHO20IMANCHO20 AHCUTLO20 30aHU 6 Aimamsl NpU HAPYHCHBIX
memnepamypax om —I11 0o —15 °C. Pe3yromamvl 0eMOHCMPUPYIOM  BbIPANCEHHYVIO
NpOCMPAHCMEEHHYI0 OUhhepeHyuayuo KIuMamuieckol Hazpy3Ku: cegepHule, YeHmpaibHble
U BOCMOYHBIE PEGUOHbl XAPAKMEPUIVIOMCA MAKCUMANbHbIMU  3HaueHusmu HDD u
Haubonvbuieti NOmpebHOCMbIO 8 MEeNni080L dHEPeUL, M020a KAK HAHCHble Pe2UOHbI, BKIIOYASL
Anmamol,  makoce  NOOBEPHCEHbl  ZHAYUMENbHLIM  Menjionomepsm  8ciedcmaue
memnepamypHvix KoJleOauuii U HAaIuyus meniosvlx Mocmos. 1epmocpaguueckuti aHanus
8bIA6UNL JIOKATIbHblEe memnepamypusie anHomanuu 0o 8—12 °C 6 30HAX KOHCMPYKMUBHbBIX
CMbIKO8, YMO CEUOEMEeNbCMEYem O CHUNCeHUU Mmenniogo2o conpomueienus. Ilonyuennvle
pe3yibmamsl NOOMEEPHCOAOm KIOUe8ylo polb KAK KIUMAMUYECKUX (axkmopos, max u
KOHCMPYKMUBHBIX ~ OCOOEHHOCMEU  02padcoaruux KOHCMPYKYull 8  (hopMuposaruu
menionomepsb U 000CHOBbIBAIOM  HEOOXOOUMOCMb  pa3paboOmKu  KIUMAMU4ecKu
aoanmupoBaHHblX dHepP203PPeKMUBHbIX petteHUi.
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1 INTRODUCTION

Kazakhstan is characterized by sharply continental climatic conditions with significant annual
temperature fluctuations, low precipitation, and prolonged heating periods, particularly in the
northern and central regions. These climatic factors substantially influence the thermal performance
of building envelope structures and lead to increased energy consumption for space heating. Under
such conditions, heat transfer through external walls becomes one of the key determinants of building
energy efficiency.

In the context of global efforts toward sustainable development and reduction of energy
consumption in the building sector, the adaptation of architectural and engineering design solutions
to regional climatic conditions has become increasingly important. Significant heat losses through
building envelope elements, especially external walls, necessitate the implementation of energy-
efficient design strategies that account for regional climatic variability and thermal load intensity.

Although previous research has addressed various aspects of building energy efficiency, most
studies have focused on individual design solutions, insulation optimization, or modernization
measures. Comprehensive assessments linking regional climatic differentiation with heat transfer
intensity through external wall structures remain limited, particularly for countries with sharply
continental climates such as Kazakhstan. A systematic evaluation of climatic parameters and their
influence on thermal performance is required to better understand regional variations in heating
demand and envelope efficiency.

This study aims to assess the influence of regional climatic conditions on heat transfer processes
in building envelope structures and to identify climatic zones of Kazakhstan with the highest demand
for energy-efficient solutions. The research is based on the analysis (Tao et al., 2021) of key climatic
indicators, including temperature regimes, heating period duration, solar radiation, wind
characteristics, and heating degree days. The obtained results contribute to a deeper understanding of
the relationship between climatic severity and building thermal performance and provide a scientific
basis for improving energy-efficient design approaches for residential buildings operating under
sharply continental climate conditions.

Improving the energy efficiency of buildings located in sharply continental climatic conditions
represents a significant challenge for sustainable construction. Severe winter temperatures, prolonged
heating periods, and the high energy intensity of the existing building stock led to considerable heat
losses through building envelopes and require advanced thermal protection strategies.

Recent studies have confirmed the effectiveness of comprehensive approaches to improving
building energy performance (Dyussembekova et al., 2022) analyzed the energy efficiency of the
Kazakh German University building in Almaty using simulation-based methods and demonstrated
that modernization of external walls, window systems, and heating equipment can significantly re-
duce energy consumption. These findings highlight the importance of integrated envelopes and sys-
tem-level improvements.

In the work of (Abid Nadeem et al., 2021) the energy and daylighting performance of various
window types was assessed under the climatic conditions of Nur-Sultan. The study confirmed the
significant impact of glazing geometry and light transmittance on heat loss and natural lighting levels.

(Tukhtamisheva et al., 2020) explored the technical and economic justification for optimizing
insulation thickness in the external walls of residential buildings in the Almaty region. Their findings
proposed economically viable insulation parameters based on energy prices, payback periods, and
local climatic conditions.

(Kerimray et al., 2016) analyzed energy audit reports of buildings in different regions of Ka-
zakhstan. The study emphasized the need to improve the thermal resistance of wall structures, espe-
cially in the northern and central parts of the country and identified the most effective measures for
reducing heat loss.
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The literature also highlights the importance of alternative heating sources (Amanzholov et al.,
2022) evaluated the thermal performance of borehole heat exchangers installed in southern Kazakh-
stan. The results confirm the potential of ground-source heat as a stable and sustainable energy solu-
tion for building heating systems.

Despite the growing body of research, few studies offer a comprehensive assessment of Ka-
zakhstan’s climatic zones in terms of their specific needs for energy-efficient solutions in building
envelope design. The present study seeks to address this gap by combining regional climate data
analysis with thermal performance evaluation of wall structures.

2 MATERIALS AND METHODS

The methodological framework of'this study is based on a combination of climatic data analysis
and thermal performance evaluation of building envelope structures. Climatic indicators for the re-
gions of Kazakhstan were obtained from the Kazhydromet database, national construction standards
(SP RK 2.04-01-2017), and international climate datasets. The parameters considered include:

Average monthly and annual outdoor air temperatures.

Heating degree-days (HDD) and the duration of the heating season.

Relative humidity.

Wind speed and predominant directions.

Solar radiation intensity.
The territory of the Republic of Kazakhstan is characterized by pronounced climatic
heterogeneity, which necessitates a differentiated approach to the design of energy-efficient
buildings. In this study, five major climatic zones were identified: northern, central, eastern, southern,
and western (Kyritsi et al., 2025).

Northern Kazakhstan is characterized by a sharply continental climate with long, cold winters
and short summers. The average temperature in January is approximately -18 °C, while in July it is
about +19 °C. Annual precipitation ranges from 300 to 450 mm.

Central Kazakhstan experiences cold winters and hot summers, with average temperatures of
about -15 °C in winter and +25 °C in summer. Annual precipitation varies between 180 and 250 mm.

Eastern Kazakhstan has a continental climate with cold, snowy winters and warm summers (-
12 to -15 °C in January and +25 to +30 °C in July). Annual precipitation ranges from 300 to 600 mm.

Southern Kazakhstan is characterized by relatively mild winters (around -5 °C in January) and
hot, prolonged summers (up to +30 °C in July), with annual precipitation of 100-200 mm.

Western Kazakhstan exhibits large annual temperature amplitudes (down to -20 °C in winter
and up to +40 °C in summer) and relatively low annual precipitation (100-300 mm) (Climate-
Data.org, n.d.).

a s~ w e

Table 1
Climatic parameters of the regions of Kazakhstan
Heating Average Number  Average
Average Jan- Average July Annual tem- . .
. period annual of sunny wind
Region uary temper- temperature perature am- . . 3e
ature (°C) ©C) plitude (°C) duration  humidity  days per speed
(days) (%) year (m/s)
Northern
Kazakhstan -18 +19 37 200-210 70-75 120 3.0-4.0
Central Ka- -16 +23 39 190-200  65-70 140 3.5-4.5
zakhstan
Eastern Ka- 14 125 39 180-190  60-65 160 2535
zakhstan
Southern
Kazakhstan -6 +29 35 120-140 55-60 260 2.0-3.0
Western
Kazakhstan -11 +27 38 160-180 50-55 150 4.0-5.0
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The main climatic characteristics of the regions of Kazakhstan are summarized in Table 1. The
data demonstrates significant differences in temperature regimes and heating period duration, which
directly affect the thermal performance of building envelope structures.

The data in the figures are averaged across regions and may vary slightly depending on location.
Average January and July temperatures are used as winter minimum and summer maximum values,
allowing us to estimate the annual temperature range and the climatic load on buildings. For a more
objective assessment of the heat load, the heating degree days (HDD) indicator is used
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Figure 1 - Average annual temperature by regions of Kazakhstan (Climate-Data.org, n.d.).

The Figure 1 presents the distribution of average annual air temperature across the regions of
Kazakhstan. The lowest values are observed in Northern and Central Kazakhstan, indicating a high
climatic load on buildings in these regions. Southern Kazakhstan, including Almaty Region and the
city of Almaty, is characterized by warmer climatic conditions and a generally lower demand for
heating. However, even in this region, heat losses through building envelope structures remain sig-
nificant, particularly under conditions of low winter temperatures, daily temperature fluctuations, and
the presence of thermal bridges in structural joints. This justifies the necessity of applying energy-
efficient solutions and appropriate thermal insulation of external walls for buildings located in Almaty
and Almaty Region (Tukhtamisheva & Adilova, 2025).

According to the national construction standards of the Republic of Kazakhstan, in particular
(SP RK 2.04-01-2017), the territory of Kazakhstan is divided into climatic zones based on winter
temperature conditions and other climatic parameters relevant for building design.

The standard distinguishes the following climatic zones:

1. Climatic Zone | - regions with the most severe winter conditions (average January temper-

ature below -20 °C);

2. Climatic Zone Il - regions with moderately cold winters (average January temperature be-

tween -20 °C and -15 °C);

3. Climatic Zone Il - regions with relatively mild winters (average January temperature above

-15 °C).

Based on the climatic data analyzed in this study, the regions of Kazakhstan can be condition-
ally assigned to the climatic zones as follows:

1. Zone I - Northern Kazakhstan;

2. Zone Il - Central and Eastern Kazakhstan;
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3. Zone Il - Southern and Western Kazakhstan.

Such zoning confirms the necessity of a differentiated approach to the design of building enve-
lopes depending on regional climatic conditions. It also indicates that even regions belonging to Cli-
matic Zone 111, including Almaty Region and the city of Almaty, require the application of energy-
efficient solutions due to temperature fluctuations, heating period duration, and the influence of con-
struction-related factors.

The assessment of climatic load on buildings was based on the analysis of climatic indicators
affecting heat transfer through building envelope structures. The main criteria considered in this study
were temperature conditions, heating period duration, and the integral indicator of thermal demand
expressed by heating degree-days (HDD).

One of the key factors determining the level of heat loss is the temperature gradient, defined as
the difference between indoor and outdoor air temperatures. An increase in this difference leads to
higher heat losses through external walls and other enclosing structures, thereby increasing the
thermal load on buildings (ISO 52016-1:2017, 2017).

A significant influence on total heat losses is exerted by the heating period duration, which is
directly related to regional climatic conditions. Under the sharply continental climate of Kazakhstan,
this parameter varies from approximately 130 days in southern regions to up to 210 days in northern
regions. The regional distribution of heating period duration is presented in Figure 2.
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Figure 2 - Heating period duration by regions of Kazakhstan (Climate-Data.org, n.d.).

The longest heating season is observed in Northern Kazakhstan, followed by Central and
Eastern Kazakhstan. Southern Kazakhstan has the shortest heating period; however, its duration
remains sufficient to justify the application of thermal protection measures in building envelope
design.

For a more objective comparative assessment of climatic load, the indicator of heating degree-
days (HDD) was used. This indicator reflects the combined influence of temperature conditions and
heating period duration and is widely applied in the analysis of building energy performance. The
regional distribution of HDD values is shown in Figure 3.
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Figure 3 - Heating degree-days (HDD) by regions of Kazakhstan (Climate-Data.org, n.d.).

The highest HDD values are observed in Northern, Central, and Eastern Kazakhstan, indicating
the greatest thermal load on building envelope structures in these regions. At the same time, even
Southern Kazakhstan demonstrates meaningful HDD values, which confirms the relevance of
applying energy-efficient solutions in building envelope design, including for buildings located in
Almaty and Almaty Region.

The combined analysis of heating period duration and HDD values provides a comprehensive
assessment of climatic load on buildings and forms the methodological basis for the subsequent
analysis of heat losses and thermal bridges (Aloshan et al., 2024).

The collected climatic data were systematized and processed using standard analytical methods.
The values of key indicators (heating period duration and heating degree-days) were grouped by
region in order to ensure comparability of the results.

For visual interpretation of regional differences, the processed data were presented in the form
of tables and graphical diagrams. Bar charts were used to illustrate the distribution of heating period
duration and heating degree-days across the regions of Kazakhstan (Figures 2-3). This approach
allows clear identification of regional contrasts and supports the comparative analysis of climatic load
on buildings.

The use of graphical representation improves the clarity of the results and facilitates the
interpretation of climatic impacts on building envelope performance (Shao et al., 2022).

The thermal performance of building envelope structures was evaluated using principles of
steady-state heat transfer. Heat flux density through external walls was estimated according to the
basic heat transfer equation:

q=(Ti-To)/R (1)

where:

g — heat flux density (W/m?2),

Ti— indoor air temperature (°C),

To — outdoor air temperature (°C),

R — total thermal resistance of the wall structure (mz2- K/W).

This approach allows evaluation of the relationship between climatic load and heat transfer
intensity through building envelope structures. The analysis focuses on the influence of temperature
gradients, heating period duration, and heating degree-days on the required thermal resistance of
external walls (Paiho et al., 2015).
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To complement the climatic analysis, a thermographic survey of a multi-storey residential
building located in Almaty was conducted. The selected building represents a typical residential
structure operating under sharply continental climatic conditions.

Thermal imaging was performed during the heating season under stable meteorological
conditions. The outdoor air temperature during the survey ranged from -11 °C to -15 °C, providing
sufficient temperature contrast for reliable identification of heat loss zones.

Infrared thermography was used to detect thermal bridges, insulation defects, and areas of
increased heat transfer through building envelope structures. Both external facade surfaces and
interior wall junctions were examined. Special attention was given to window-to-wall connections,
inter-panel joints, fagade seams, and corner zones (Pastori et al., 2021).

The thermographic images were analyzed by comparing surface temperature distributions
across envelope elements. Temperature differences between uniform and anomalous zones were used
as indicators of reduced thermal resistance and increased heat loss.

To ensure reliable interpretation of thermographic data, architectural and structural documen-
tation of the investigated residential building was analyzed. The case-study object represents a typical
multi-storey residential building located in Almaty and constructed using reinforced concrete panels
with internal thermal insulation.

Architectural and structural drawings were examined to determine the configuration of the ex-
ternal wall assembly, insulation thickness, fagade detailing, and structural junctions potentially acting
as thermal bridges. Attention was paid to wall-floor interfaces, window-to-wall connections, anchor-
ing elements, and insulation continuity (Zhao et al., 2025).

The external wall configuration used for thermographic analysis was defined based on the ex-
amined documentation. The wall assembly consists of a multilayer system including an internal fin-
ishing layer, a reinforced concrete structural panel, an internal thermal insulation layer, and an exter-
nal protective facade layer. Such configuration is typical for panel residential buildings constructed
in the late Soviet and post-Soviet periods.

Special consideration was given to the continuity and positioning of the insulation layer within
the wall system, as internal insulation often leads to increased risk of bridging thermals at structural
joints. Discontinuities at floor slabs, panel joints, and window openings were identified as critical
areas influencing heat transfer performance.

This configuration provided the basis for interpreting thermographic images, allowing correla-
tion between observed surface temperature variations and specific structural elements. As a result,
areas of increased heat loss could be linked to construction details and insulation defects, improving
the accuracy of energy performance assessment (Jelle, 2011)

In addition, environmental conditions during thermographic inspection were carefully con-
trolled to ensure the accuracy of measurements. Thermal imaging was conducted during the heating
season under stable weather conditions, with no direct solar radiation, precipitation, or strong wind.
The temperature difference between indoor and outdoor air was maintained at no less than 10-15 °C,
which is considered sufficient for reliable detection of thermal anomalies in building envelopes.
These conditions are particularly relevant for the continental climate of Kazakhstan, where significant
seasonal temperature variations enhance the effectiveness of thermographic diagnostics.

The analysis of construction details enabled identification of zones susceptible to increased heat
transfer and facilitated comparison between design solutions and thermographic observations. Se-
lected fragments of the window—wall junction detail and the external wall assembly with insulation
system used in the analysis are presented in Figure 4 and 5, respectively.
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Figure 4 - Vertical section of the window-wall junction showing the interface between the window block and
the external wall, including insulation and sealing components (author’s materials)

Figure 4 illustrates a vertical section of the window-wall junction, highlighting the interface
between the window block and the external wall structure. Attention is given to the arrangement of
thermal insulation and sealing components, which play a crucial role in maintaining thermal continu-
ity and preventing air infiltration. The configuration demonstrates how improper installation or dis-
continuity of insulation at this junction can lead to the formation of thermal bridges and increased
heat loss.
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Figure 5 - Vertical section of the external wall assembly with insulation system, indicating structural layers and poten-
tial thermal bridge locations (author’s materials)

Figure 5 presents a vertical section of the external wall assembly with a thermal insulation
system, illustrating the sequence of structural layers, including interior finishing, the load-bearing
element, the insulation layer, and the external coating. Attention is given to areas prone to thermal
bridging, which may occur at points of structural discontinuity, material inhomogeneity, and junctions
between elements. It is shown that insufficient insulation continuity and detailing of construction
joints can lead to localized increases in heat transfer and a reduction in the overall energy performance
of the building envelope.
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3 RESULTS AND DISCUSSION

The analysis of climatic indicators demonstrates significant spatial differences in climatic load
across the territory of Kazakhstan. The regional distribution of average annual air temperature (Figure
1) confirms that Northern and Central Kazakhstan are characterized by the lowest temperature values,
while Southern Kazakhstan shows the highest temperatures throughout the year. These differences
create unequal operating conditions for building envelopes and determine varying levels of heating
demand.

The results indicate that the climatic load on buildings increases with decreasing outdoor air
temperature and with increasing annual temperature amplitude. Consequently, regions with colder
climatic conditions are subject to greater thermal stress on building envelopes and require more strin-
gent thermal protection measures (Shahrzad & Umberto, 2022).

Heating period duration is one of the most significant indicators influencing the level of heat
loss in buildings. According to Figure 2, the heating season reaches up to 210 days in Northern Ka-
zakhstan, while in Central and Eastern Kazakhstan it exceeds 180 days. Southern Kazakhstan exhibits
the shortest heating period (approximately 130 days); however, even this value represents more than
one-third of the year.

A longer heating period leads to increased cumulative heat loss through external walls and other
building envelope components. Therefore, buildings located in northern, central, and eastern regions
are exposed to higher annual heat demand and require enhanced thermal insulation and improved
envelope performance (Nizovtsev et al., 2020).

The indicator of heating degree-days (HDD) provides an integral assessment of climatic sever-
ity by combining temperature conditions and heating period duration. The results presented in Figure
3 demonstrate that the highest HDD values are observed in Northern Kazakhstan, followed by Central
and Eastern Kazakhstan. These values indicate the highest level of climatic load and, consequently,
the greatest heating energy demand in these regions.

Southern Kazakhstan exhibits lower HDD values; however, the indicator remains sufficiently
high to confirm that heat losses through building envelope structures remain relevant even in rela-
tively mild climatic conditions. This is especially important for urban areas such as Almaty and Al-
maty Region, where real operating conditions of buildings, construction defects, and the presence of
thermal bridges can significantly increase actual heat losses.

The results obtained confirm the necessity of a differentiated approach to building design de-
pending on regional climatic conditions. In regions with high climatic load (Northern, Central, and
Eastern Kazakhstan), priority measures should include:

- application of high-performance thermal insulation materials.

- minimization of thermal bridges in construction joints.

- optimization of wall-floor and wall-window connections.

- improvement of airtightness and thermal continuity of building envelopes.

For Southern Kazakhstan, including Almaty and Almaty Region, although the overall climatic
load is lower, the results demonstrate that the application of energy-efficient solutions remains justi-
fied. Moderate winter temperatures, significant daily temperature fluctuations, and construction-re-
lated factors contribute to measurable heat losses. Therefore, improving the thermal performance of
external walls and reducing thermal bridges are also relevant for buildings located in this region.

The results of the regional climatic analysis provide a scientific justification for further detailed
investigation of building envelope performance in Almaty. Despite belonging to a milder climatic
zone, the city of Almaty experiences a sufficiently long heating period and non-negligible HDD val-
ues, which makes the study of heat losses and thermal bridges in real buildings both relevant and
necessary (Asdrubali et al., 2012).

Thus, the obtained results form a reliable basis for the subsequent analysis of heat transfer
through external wall structures and the evaluation of thermal bridges in selected buildings in Almaty.

Furthermore, the integration of climatic analysis with in-situ thermographic assessment
enhances the reliability of conclusions regarding building energy performance. This combined
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approach allows not only the identification of general regional trends but also the detection of specific
construction-related deficiencies affecting heat transfer. As a result, it provides a comprehensive
framework for developing climate-responsive and energy-efficient design strategies, ensuring that
both regional climatic characteristics and actual building conditions are taken into account in the
process of improving the energy performance of residential buildings (Balaras & Umberto, 2002).

Almaty: significant heating demand
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Figure 6 - Comparative heating demand in climatic regions of Kazakhstan expressed in heating degree-days
(HDD), highlighting the position of Almaty (author’s materials)

Figure 6 presents the regional distribution of heating demand across Kazakhstan expressed in
heating degree-days (HDD). The highest values are observed in Northern Kazakhstan, followed by
Central, Eastern, and Western regions. Although Almaty belongs to the southern climatic zone, the
HDD value remains considerable, confirming that heating demand in the city is still significant
compared to other regions of the country.

To validate the climatic analysis and assess actual heat loss distribution, thermographic inspec-
tion of a multi-storey residential building located in Almaty was carried out during the heating season.

The survey was conducted at outdoor temperatures ranging from -11 °C to -15 °C, providing
sufficient thermal contrast for identifying irregular heat transfer. Both external fagade surfaces and
interior structural junctions were examined using infrared thermography.

The thermographic images revealed pronounced thermal bridges at window-to-wall junctions,
inter-panel seams, facade connections, and balcony slab interfaces. Surface temperature differences
between uniform wall areas and anomalous zones reached 8-12 °C, indicating increased heat flux
and reduced local thermal resistance (Urge-Vorsatz D. et al., 2015).

These findings confirm that the most significant heat losses are concentrated in localized struc-
tural elements rather than uniformly distributed across the building envelope. Window junctions,
panel connections, and balcony slab interfaces act as critical points of thermal discontinuity, where
insulation is either insufficient or interrupted. The presence of such thermal bridges leads to increased
energy demand for heating and reduces overall building energy performance, especially under severe
winter conditions typical for Kazakhstan.

Based on the obtained thermographic data, priority measures for improving energy efficiency
can be identified. These include enhancement of insulation continuity at structural joints, application
of external thermal insulation systems, and modernization of window installation detailing to mini-
mize air leakage and thermal bridging. The integration of thermographic analysis with climatic zoning
thus provides a reliable basis for targeted retrofit strategies aimed at reducing heat losses and improv-
ing the thermal performance of residential buildings.

Interior thermograms Figure 7 confirmed temperature reductions in corner zones and wall-
ceiling junctions. Surface temperatures in these areas ranged from +10 to +13 °C, compared to +19—
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22 °C in central wall sections. Such variations indicate thermal discontinuities and potential conden-
sation risk.
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Figure 7 - Thermographic identification of heat-loss zones in a multi-storey residential building in Almaty:
(a) external fagade view; (b) inter-panel thermal bridge; (c) interior corner anomaly; (d) wall-ceiling junction
(author’s materials)

The obtained results demonstrate that even in relatively milder climatic conditions of Southern
Kazakhstan, actual heat losses may increase significantly due to thermal bridges and construction-
related defects. The thermographic assessment confirms the necessity of integrating climatic analysis
with in-situ diagnostics for accurate evaluation of building energy performance.

3 CONCLUSIONS

1. Sharply continental climatic conditions of Kazakhstan result in pronounced regional differ-
entiation of thermal loads on residential building envelopes.

2. The highest climatic severity and heating demand are observed in the northern, central, and
eastern regions, as confirmed by temperature regimes, heating period duration, and heating degree-
days (HDD).

3. Decreasing winter temperatures and extended heating periods significantly increase heat
transfer intensity through external wall structures.

4. Substantial spatial variability in HDD values highlights the need for region-specific energy-
efficiency strategies.

5. Thermographic assessment of a multi-storey residential building in Almaty revealed that heat
losses are driven not only by climatic factors but also by envelope discontinuities.

6. Thermal bridges at inter-panel joints, window-wall interfaces, and wall—ceiling junctions
cause measurable temperature drops and increased heat flux, even under relatively mild climatic con-
ditions.

7. Effective improvement of building energy performance requires integration of regional cli-
matic analysis with in-situ thermographic diagnostics.
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8. The proposed approach provides a reliable basis for evaluating thermal demand and supports
the development of energy-efficient design solutions for residential buildings in sharply continental
climates.
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