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Abstract. *OREDOO\ Euildings are responsible for a significant share in energy consumption and
greenhouse gas emissions profiles. Various attempts are undertaken to increase the energy
efficiency of buildings and reduce their environmental impact. In semi-continental climate
conditions with very hot summers and extremely cold winters, buildings should be carefully
designed to ensure efficient harnessing of solar energy and reducing energy loss due to poor
insulation and inappropriate use of materials. Amidst the fast development of the construction
industry, different façade systems are used in Kazakhstan. In several cases, the choice of the
façade materials is defined not by performance but rather by economic aspects and physical
appearance. This project aimed to investigate various types of façades adopted in the construction
of residential buildings and assess their performance in terms of their impact on buildings’
energy consumption. The preliminary results indicate that there are five main types of façades
widely used. Five different models were therefore built using energy simulation software and the
respective energy consumption data were estimated. The results testify that buildings with
brickwork (clay bricks) and stonework (travertine) façades were more energy efficient than those
with brickwork (silica bricks), aluminum composite panels and decorated plaster façades.


1Introduction
Buildings account for a significant share of the global
energy consumption and greenhouse gas emissions
(GHG). They therefore cause notable impact on
resources scarcity and the climate change process [1].
This implies that the role of buildings’ energy efficiency
is of utmost importance and needs to be addressed. At
present, various construction activities have some sort of
sustainability targets, which make buildings “greener” or
at least aim to decrease the amount of energy used
during manufacturing or operational stages [2].
The building envelope, in general, and façade, in
particular, is an important feature in terms of energy use
in residential buildings. Efficient design of building
envelope and façade can help in optimizing the building
energy consumption which thereby will lead to the
reduction in GHG emissions [3]. There are different
types of façade systems used worldwide. According to
the practice, each type has its own advantages and
disadvantages depending on the locality of the building.
A number of factors such as climate conditions, soil,
economic aspects, and others influence the choice of the
appropriate material or façade system type [4].
According to the conducted literature review, there
are five general types of façade materials used. These
materials can be used for cladding or can be attached to
the surface of the building by means of various

technologies. Depending on the materials used for
external wall construction, façade component materials
can perform different functions, including the most
important one to create insulation to the building, and
thus reduce energy consumption. The ultimate purpose
of each façade system used defines the choice of
materials adopted in constructing the façade, their
quality as well as the functionality of the façade in
general. Aspects such as ground quality, weather
conditions, climate of the locality, economic aspects
affect the final solution [1]. The aim of this study is to
consider the residential building stock of Kazakhstan,
identify main façade types and materials used to build
them, and validate the findings of the literature review.
Further, it is aimed to build simulation models to analyze
the efficiency of such façade types with different sets of
materials used on the overall energy use. Application of
energy simulation tools such as, for example,
EnergyPlus is considered as one of the ways to analyze
the energy consumption. Assessing different types of
materials for separate simulations will provide insights
which will help to make conclusions regarding specific
façade types.

2Methodology
One of the main objectives of this research is to
analyse the energy performance of the residential
buildings with different façade types. This has been done
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of the key properties is the heat resistance, which is very
instrumental in reducing energy consumption of the
building [7].

by creating building models and using energy simulation
tools. This study selected a typical model building
located in Nur-Sultan city, Kazakhstan. Specific climate
conditions and other parameters related to wind, solar
irradiation and precipitations were considered via the
software’s library database. The steps undertaken by the
selected research methodology are listed in the
following. The materials to be described in Section 3
were identified by (1) physical observations in NurSultan city by the authors and (2) a literature review that
confirmed the adoption of such façade and materials
types in a wider international context. Further, (3) the
identified façade types with the respective materials
were adopted in the model. This means that five different
models with different façade types were built and
simulated. The final step (4) was related to performing
the analysis to identify the energy use data and lead to
consequent conclusions.
At present, there are several softwares that can
perform energy performance analysis of a building such
as, for example, DesignBuilder, TRNSYS, ICE IDA, etc.
[5]. Based on the results of simulations, sufficient energy
data can be collected and used for further application and
analysis. Each of the mentioned software tools gives
enough information about energy consumption of the
model, but issues might be encountered due to the
complexities in using them. Compared to other tools,
usability of DesignBuilder is higher among engineers
and architects due to its integration with SketchUp and
OpenStudio packages [1].
In Kazakhstan’s reality, building facades are
selected based on purely economic considerations;
adopting the aforementioned methodology based on
energy performance simulation tools to compare various
façade materials and their impact on buildings’ energy
consumption, can be considered as novel. This
methodology then allows to select the optimal façade
solution to address the energy deficit issue, as well as to
make informed decisions by building designers.

Fig.1.&OD\EULFNV>@



Stonework (travertine), shown in Fig. 2, is a type of
natural stone which was made by hot springs. It is
formed due to the fast precipitation of calcium carbonate
and mostly comes in light colors. It can be easily
processed, which effectively decreases the amount of
work to be done at the construction site [8].





Fig.2.7UDYHUWLQH[8].


Silica brick is shown in Error! Reference source not
found.. It is an acid refractory material that has a good
ability to resist an acid slag. It mostly consists of silicon
dioxide (SiO2). It has the property to keep its volume
stable despite the high temperatures during summertime.
Good air tightness of silica brick helps the building to
avoid inward or outward air leakage [9].

3Datacollected
There are five main types of façade of residential
buildings which were identified both by personal
observations in Nur-Sultan city and literature review [6]:
•
Clay brick
•
Stonework (travertine)
•
Silica brick
•
Aluminum composite panel
•
Decorated plaster
Each of these façade types has its own features and
behaves differently, based on the environment in which
they are used. Other building categories were not
considered, due to their limited use in the residential
sector.





Fig.3.6LOLFDEULFNV[9].


Aluminum composite panel, shown in Fig. 4, is a
lightweight panel made of aluminum which ideally suits
for building façades. The versatility and formability of
this type of façade makes it easy to maintain and
improve aesthetic view of the building. Moreover,

Clay brick, shown in Figure 1, is one of the oldest
sustainable construction building materials. It is a strong
construction product which does not require significant
maintenance. It can offer a long-term effectiveness and
can be recycled at the end of its life-cycle. Among some
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development, it was assumed that it will have the same
external wall for all the considered scenarios but with
five distinct materials (namely clay brick, travertine,
silica brick, aluminium composite panel and air lime
mortar); hence, different properties were used for the
façade. Other three materials considered in the analyses,
besides the outermost layer, were extruded polystyrene,
concrete block and gypsum plastering. The properties of
the five façade materials are gathered in Table 1. The
specific geometry of the building model was chosen in
accordance to typical residential building design met in
Kazakhstan. Since the same model is used for all the five
façade types, there are no geometry-related differences
among them.

aluminum composite panels are cost effective with
respect to similar products such as high pressure
laminates [10].




Fig.4.$OXPLQLXPSDQHOV>@


Table 1. Façade materials properties.

Decorated plaster, shown in Error! Reference source
not found., is a plaster used as a façade of buildings and
made of air lime mortar. The choice of such plaster is
usually defined by its variability in colors (can be brown,
yellow, green, white, red). In most of the cases, the
reason for using such façades is decoration purposes of
the building [11].

Properties
Thermal
conductivity
(W/m-K)
Specific Heat
capacity (J/kgK)
Density
(kg/m3)

Traver
tine

Silica
brick

Alumi
nium

Air
lime

0.84

2.17

1.67

230

0.4

800

1090

753

880

1000

1700

2710

1800

2700

1000

Clay
brick

Energy consumption simulations were conducted for
each type of façade material and outcomes can be found
in Table 2. Each model was tested to assess the energy
use for heating and cooling, during a period of one year.
Although the heating and cooling energy consumption
varies according to the seasons for each type of façade,
this study made conclusions based on the total amount of
energy used. According to the results obtained, it can be
observed that the building model constructed with the
outermost layer made of clay brick consumes the lowest
amount of energy - 69154.12 kWh per year - whereas the
highest result can be observed in the case of the building
façade with the outermost layer being made of aluminum
composite - 99109.06 kWh annually. This result seems
quite reasonable, with the total energy consumption
relevant to clay bricks being almost 30 % (thirty percent)
smallerthan when aluminum was used. It shows that the
material properties, specifically the conductivity, play a
critical role. High level of heat loss due to a high level of
conductivity, leads to higher amounts of energy used
during cold seasons as can be seen in Figure 7.
Generally, based on the data obtained with the
DesignBuilder software it can be assessed how the
building walls constructed with different façade
materials affect the overall results. The sum of heating
and cooling electricity gives the total energy consumed
by the corresponding envelope type. In Table 2, it can be
seen that buildings with clay bricks and travertine
respectively use 69154.12 kWh and 76564.2 kWh. These
numbers increase as the material changes to silica bricks,
aluminium panels or decorated plaster. The reason of
such a big difference in the energy consumption of the
different solutions is the set of physical properties of
each material, especially in terms of thermal
conductivity,
density
and
specific
heat.


Fig.5.'HFRUDWHGSODVWHU>@

4ResultsandDiscussion
A multifamily residential building with 3 floors and 6
rooms at each floor was constructed, as shown in Figure
6. The building was simulated on DesignBuilder
software.


Fig.6.0XOWLIDPLO\UHVLGHQWLDOEXLOGLQJ

The building model was built using the library database
of the DesignBuilder software. Most of the building
components were pre-selected from the library and were
chosen in accordance to the existing construction
standards and norms of Kazakhstan. During the model
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Months

Jan

Heating
(Electricity) 
(kWh)
Cooling
(Electricity) 
(kWh)
Heating
(Electricity) 
(kWh)
Cooling
(Electricity) 
(kWh)
Heating
(Electricity) 
(kWh)
Cooling
(Electricity) 
(kWh)
Heating
(Electricity) 
(kWh)
Cooling
(Electricity) 
(kWh)
Heating
(Electricity) 
(kWh)
Cooling
(Electricity) 
(kWh)



Feb

Mar

Apr

May



Jun



Jul
Aug
Claybricks






Sep







Oct







Nov







Dec



 



Sub
total



Total

Table 2. Annual energy consumption data (in KWh).
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IODPPDELOLW\ RI WKH PDWHULDO Kazakhstan’s building
VHFWRUH[SHULHQFHGDQXPEHURIVHULRXVILUHVRYHUWKHODVW
GHFDGH VHH HJ >@ $OO RI WKHVH LVVXHV FDQQRW EH
REVHUYHG LQ WKH FDVH RI EULFNZRUN FOD\ EULFNV 
7KHUHIRUHGHFLVLRQPDNLQJVWDNHKROGHUVVKRXOGWDNHLQWR
DFFRXQW DVSHFWV VXFK DV DPRQJ RWKHUV HQHUJ\
FRQVXPSWLRQ VDIHW\ FRVWV DQG DHVWKHWLF IHDWXUHV )URP
WKH SRLQW RI YLHZ RI RYHUDOO VXVWDLQDELOLW\ DQG FOLPDWH
FKDQJHLPSDFWVLWLVVXJJHVWHGWRSD\PRUHDWWHQWLRQWR
HQHUJ\ XVH DVSHFWV ZKLFK DOVR LQGLUHFWO\ DIIHFW WKH
WKHUPDO FRPIRUW LQVLGH WKH EXLOGLQJ HVSHFLDOO\ LQ WKH
H[WUHPHFOLPDWHFRQGLWLRQV


An increase in the conductivity level leads to more
energy consumption. Moreover, each of the tested
materials has a different thickness level, which is also a
key factor to obtain such scattered results. For example,
clay bricks, travertine and silica bricks have a thickness
of 10-20 cm, whereas the thicknesses of aluminum
panels and decorated panels are significantly smaller.
The thickness difference can be most likely explained
from the economic point of view and by quality
considerations.
Lower quality houses are usually built with the
lower budgets. Having cheaper option for the façade is a
good way to reduce the materials costs. For instance,
aluminum panels with thickness of 10 cm are not
profitable to use. In most of the cases, panels and
plasters have the thickness of 1-2 cm. The costs of the
five considered materials per one square meter,
according to the local market situation, are provided in
Table 3 [12]. Values in it provide both the cost of the
material itself and the labour cost. It can be observed
that, for example, clay brick is the most expensive
solution for the façade, for both material and labour
costs.
Table 3. Cost of facade materials and labour (per sq.m.)
Traver
tine

Silica
brick

Alumi
nium

Air
lime

25

8.5

8

12

6.6

Labour

20.5

18.4

20.5

7.3

12

Total

45.5

26.9

28.5

19.3

18.6

Cost (in USD)
Materials

Clay
brick

Fig.7.Energy use vs façade materials (in kWh/year)

,QWHUPVRIHQHUJ\FRQVXPSWLRQFRPSDUHGWRFOD\EULFNV
WKHPRVWHIILFLHQWVROXWLRQ WKHDPRXQWVDUHUHVSHFWLYHO\
JUHDWHUE\DQGIRUWUDYHUWLQHVLOLFD
EULFNV DOXPLQXP SDQHOV DQG GHFRUDWHG SODVWHUV $
VLPLODU WHQGHQF\ FDQ EH REVHUYHG LQ WHUPV RI WKH WRWDO
cost of the façade per square meterDVVKRZQLQ7DEOH
7KH FOD\ EULFN LV PRUH H[SHQVLYH WKDQ WUDYHUWLQH VLOLFD
EULFN DOXPLQXP SDQHOV DQG GHFRUDWHG SODVWHUV E\ 
  DQG  UHVSHFWLYHO\ 7KH UHOHYDQW WUHQGV
FDQEHREVHUYHGLQWKHJUDSKVRI)LJXUHDQG)LJXUH
)URP WKH SURYLGHG GDWD LW FDQ EH VWDWHG WKDW FOD\
EULFNV DQG WUDYHUWLQH DUH FORVH WR RSWLPDO LQ WHUPV RI
HQHUJ\XVHOHYHOVZKHUHDVWKHUHPDLQLQJWKUHHPDWHULDOV
UHSUHVHQW WKH OHVV GHVLUDEOH RSWLRQV 7KHVH WKUHH ODWWHU
RSWLRQV WHQG WR EH LQVWHDG XVHG GXH WR WKHLU UHODWLYHO\
ORZHUPDWHULDODQGODERUFRVWV *LYHQWKHUHODWLYHO\ORZ
HQHUJ\SULFHVLQ.D]DNKVWDQWKHGLIIHUHQFHEHWZHHQWKH
most and least energy efficient façades FOD\EULFNVDQG
DOXPLQXP SDQHOV  LV  LQ WHUPV RI HQHUJ\ XVH DQG
LQWHUPVRIFRVW6ROHO\IURPWKHHFRQRPLFSRLQWRI
YLHZ D façade PDGH RI DOXPLQXP SDQHOV LV WKH PRVW
optimal solution. However, disadvantages of this façade
W\SHDUHQRWRQO\WKHKLJKHQHUJ\XVHEXWDOVR WKHSRRU
insulation which can cause “cold walls” effects GXH WR
WKHUPDO EULGJHV EHWZHHQ WKH SDQHOV $QRWKHU SUREOHP
associated with this façade type is the high level of

Fig.8.Cost of façade materials DQGODERU LQ86'VTP



5Conclusions
In this study, five different residential building façade
types were simulated on the DesignBuilder software
with the built-in EnergyPlus platform. Each of the façade
types turned out to be characterized by its distinct
material properties as well as material and labour costs.
According to the results obtained, it can be concluded
that clay bricks and travertine are the most appropriate
materials to use in residential buildings in Nur-Sultan
city. There is a number of factors that were taken into
account to make such a conclusion. One and the most
significant one is the climate of the Nur-Sultan city. As a
result, the weather conditions of Nur-Sultan are not
appropriate to use silica bricks, aluminium panels and
decorated plaster. The factors such as wind, snow load,
extremely low and high temperatures during winter and
summer, are key factors considered to choose travertine
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or clay bricks. The study confirmed this argument by
means of accurate energy consumption data. It should be
also noted that the costs of the different façades differed
significantly: while the façade options like silica bricks,
aluminium composite panels and decorated plaster were
found to be cheaper than clay bricks and travertine, their
behaviour in terms of energy use was the opposite.
Overall, clay bricks and travertine façades resulted to be
more energy efficient than the other formerly mentioned
materials.
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