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ENERGY EFFICIENCY IN CONSTRUCTION

ANNOTATION

The article covers issues of energy efficiency in construction, i.e. design, construction and
operation of energy-saving buildings and structures. An energy-efficient building is a set of architectural,
planning and engineering solutions that best meet the goals of minimal energy consumption to ensure the
microclimate in the premises of the building. A literary review of foreign literature on energy efficiency
as a dominant feature of modern types of construction and prospects for the use of energy-saving
buildings in construction were carried out. The results show that insufficient thermal resistance of the
surrounding structures most significantly reduces the energy efficiency of buildings. The authors examine
energy-efficient technologies and composite materials obtained by scientists from the West Kazakhstan
Agrarian and Technical university named after Zhangir khan. Methods for increasing energy saving are
shown, these include the introduction of fundamentally new types of building structures and the use of
new energy-efficient materials. This applies to the construction of both existing and newly introduced
buildings and structures. Energy-efficient materials are expanded clay and ceramic bricks, which are
obtained from local loams with the addition of oil sludge. They also include foam glass, which is obtained
from glass production waste with the addition of various corrective additives. Examples of energy
efficient houses from different countries are shown.

Key words: energy efficiency, energy consumption, technology, composite materials, energy
saving.

Introduction. Currently, the energy resources used by humanity are gradually running out, the cost
of their production is increasing, and irrational use affects the environment [1]. Efficient use of energy
resources through the use of innovative solutions is the key to solving this problem. Only energy saving
in any area of human activity can minimize useless energy losses, which is one of the priorities today.

Modern energy-saving technologies can significantly increase the efficiency of using any type of
energy, the use of which brings quite real benefits - saving energy and costs associated with its use, as
well as maintaining the necessary environmental balance. The design and construction of energy-efficient
buildings is one of the most important issues in the energy-saving policy of every developed country [2].
The problem with creating and operating a modern building is that in most cases its creators do not take
into account the idea of energy saving. Already created buildings constantly lose heat through windows

243


https://orcid.org/0000-0002-0097-6551
mailto:shing.a@mail.ru
mailto:nurgul_2303@mail.ru
https://orcid.org/0009-0005-1744-8308
mailto:Abzalqyzy@bk.ru
https://orcid.org/0009-0005-3137-7331

(about 19% of heat loss) and walls (5% of heat loss). And the climate systems created in the building still
do not meet modern energy saving standards, the cost of operation of which is several times higher than
all the combined costs of maintaining the building [3].The main directions for increasing energy saving
are the introduction of fundamentally new types of building structures, as well as the use of effective
thermal insulation materials. We are talking about both modern methods of constructing new buildings
for residential and industrial purposes, and about the comprehensive reconstruction of existing buildings.
The topic being studied is of very high relevance, since the development and economic success of any
state directly depends on the rational use of energy resources. The latest energy-saving technologies in
construction, in addition to saving financial resources, also open up fundamentally new opportunities for
reducing emissions of harmful substances into the atmosphere that are formed during heating and cooling
of buildings. The relevance of introducing modern energy-saving technologies is, in fact, comparable to
direct energy production. Energy-saving technologies represent a more profitable and environmentally
friendly way to meet the growing demand for energy resources every year.

The purpose of this work is to study the issue of energy-efficient buildings.

Materials and research methods. Energy-efficient houses are divided into: «passive» houses,
which have several times lower specific heat consumption compared to conventional modern buildings;
«active» houses, which, in addition to low specific heat consumption, also have built-in energy sources;
buildings with zero consumption, which, with low energy consumption, only need their own energy
sources.

When building a «passive» house, integral formwork technologies made from insulation are used,
which makes it possible to reduce heating costs by up to 62% and achieve air permeability of the room.
The technology of heating the supply air from the supply and exhaust ventilation system with heat reuse
is also used. The double-glazed windows are filled with inert gas, which makes the room additionally
heated by the sun's rays. They use the technology of spraying metal oxide onto glass, which reflects heat
indoors in winter and outside in summer.

An «active» home is a combination of a «passive» and a «smart» home. He spends little energy.
Energy savings come from the use of solar energy, wind energy, earth heat, etc. The concept of «green
building» is not just the name of the concept of construction and operation of energy-efficient houses,
which aims to reduce the level of consumption of energy and material resources while simultaneously
improving the quality of buildings and their comfort, as well as saving natural resources.

A «green housey is energy efficient, economical to operate and environmentally friendly. This
means that its energy consumption is at least 25% less than usual, and to achieve this, during construction
it is necessary to use materials that do not emit harmful substances either during the operation of the
house or after its dismantling. Reuse is recommended. An economical approach to natural resources also
involves minimizing the consumption of clean water, for which effective treatment and recycling of rain
and wastewater is organized. A «green building» should be built taking into account the characteristics of
the local climate, traditions and culture of the population and in harmony with the landscape [4, 5].

Results and discussion. To analyze the efficiency of energy conservation, the concept of energy is
used - embodied energy, i.e. useful share of expended energy. Energy values are considered when
comparing building options at all stages - from the extraction of materials, the manufacture of building
parts, and right up to the dismantling and reuse of materials and elements. A more efficient building is
one in which energy is maximum or its losses during construction; operation and dismantling of the
building are minimal. The concept of energy is beginning to be widely used in practice [6].

To develop the concept of an energy-saving house, they certainly rely on the experience of
operating various buildings. The energy efficiency of a building is determined by a combination of many
factors. Research shows that during the operation of a traditional multi-story residential building, up to
40% of heat is lost through the walls, through windows - 18%, basement - 10%, roof - 18%, ventilation -
14%. Therefore, it is possible to obtain minimal heat loss only with an integrated approach to energy
saving. Thus, Italian scientists presented a methodology for setting up the design of a predictive control
model for energy-efficient thermal regulation of buildings [7].

From the data presented it follows that insufficient thermal resistance of the precipitating structures
most significantly reduces the energy efficiency of buildings. However, by insulating only enclosing
structures, it is impossible to achieve a significant reduction in heat loss [8], since a significant share of it
falls on the so-called “cold bridges” [9], that is, areas of intense heat exchange with the environment.
Such areas most often form in places where floor slabs contact load-bearing walls, in places where
internal walls and partitions adjoin external walls, as well as when low-quality thermal insulation material
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subsides in three-layer enclosing structures with insulation as a middle layer [10], through the roof [11].
Some energy saving measures include the following:

1. Energy-efficient space-planning solutions [12, 13].

2. Use of effective thermal insulation of external walls [14].

3. The use of energy-saving windows, vents, blinds [6].

4. Construction of a winter garden to a height of one or two floors, embankment of a part of the
building, installation of a roof-lawn, roof-winter garden [15, 16].

5. Use of different  types of energy  for efficient design [17].
Modern insulation systems provide for the creation of a comprehensive protective thermal shell around
building structures. Such a shell includes the insulation of foundation structures in contact with the
ground in combination with the insulation of pitched or flat roofs, as well as the installation of ventilated
facades that move the zone of positive temperatures into the load-bearing structures. This set of measures
eliminates the appearance of «cold bridges», increases the thermal resistance of the fence and prevents
condensation, which adversely affects the thermal insulation and other operational characteristics of
structures. Another important problem is heat loss through windows [18]. The simplest approach to
solving this problem - reducing the window area - is not always acceptable, since it worsens the comfort
and microclimate of the premises. This dilemma is best resolved by using modern triple-glazed windows
with low thermal conductivity. In the future, translucent and vacuum thermal insulation, glass in passive
heating systems that transmit solar radiation in the most energy-intensive part of the spectrum, selective
light-absorbing coatings, and automation systems that coordinate the action of energy-saving systems
with temperature conditions outside and inside the building should be used. An ideal energy-efficient
building requires the use of the latest technologies [19].

In Europe, the industry for the construction of energy-efficient and passive buildings is quite
developed in a number of countries, for example, in Japan, Germany, etc. Thus, several tens of thousands
of such houses have already been built in Europe. They are available to ordinary consumers, since the
difference in costs between building an energy-efficient and a conventional house is 10-15%, and energy
bills are reduced several times. Thus, choosing an energy-efficient home often becomes even beneficial
for the consumer [20].

When designing heating and ventilation systems for residential buildings, the following technical
solutions are used to increase their energy efficiency (Figure 1).

to the special design of Heat recovery from exhaust
deflectors. Individual air. Use of low temperature
mechanical ventilation with heating systems. Use of heat
heat recovery separately for meters and individual
each living space. Ventilation | temperature control in each
of premises by preheating apartment.

Use of return water heat from

the heating system for
underfloor heating. Use of
solar collectors connected to
hot water mains.

windows or glazed balconies.

Fig. 1 — The following technical solutions are used when designing heating and ventilation systems for
residential buildings

Today, many scientists around the world are considering and researching energy-saving
technologies and materials for the construction of energy-efficient houses [21-24].

Energy-efficient materials obtained by scientists from Zhangir Khan WKATU include: expanded
clay, ceramic brick, ceramic paving stones, foam glass, etc. The technologies of these materials are
considered energy efficient due to the fact that various additives are used in the compositions, for
example, in the production of expanded clay and ceramic bricks use loess-like loams with the addition of
oil industry waste [25, 26]. In the production of foam glass, cullet is used [27]. The physical and
mechanical properties of some materials are presented in Table 1.

Table 1 — Physical and mechanical properties of some materials

Indicators
Ne Name thermal conductivity, density, compresshlve bwate_r
W/m*K kg/m3 strength, absorption,
MPa %
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1 | Expanded clay 0.07-01 350-600 2149 162-17.8

2 Keramdor 01-05 850-1250 | 9.2-14.2 141281

3 | Ceramic brick 0.3-0,38 1370-1450 | 104-11.7 22.8-28.2

4 | Ceramic paving 0,8-0,84 1480-1580 | 14,1-18,2 16-20
stones

5 Foamglass 0,043-0,045 400-650 10,2-15,2 1,8-2

Data analysis showed that the materials have relatively low physical and mechanical properties. In
the production of materials, industrial waste was used, which contributed to the intensification of
processes and the production of materials with improved performance. Production using such waste has
been able to solve several problems: energy and resource conservation, environmental friendliness,
manufacturability and efficiency.

Examples of energy efficient houses are shown in Figure 2.

25storey skyscraper CIS Tower in Manchester Energy efficient house in the Czech Republic
(England)

309meter Pearl River Tower in Guangzhou Modern horticultural glass house made of
prefabricated hydroponic light steel
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Seoul Energy Dream Center 163-meter Deutsche Post Tower (Bonn,
Germany)
Fig. 2 — Examples of energy efficient houses

Conclusion. Thus, energy-efficient buildings, the main feature of which is low energy
consumption and almost complete energy independence, are gradually conquering the global market for
construction services [28]. Despite the fact that the prices of such buildings have a higher market value,
they are very popular nowadays due to the low cost of operating the building.
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PE3IOME

B cratbe ocBsieHbI BOMPOCH 3HEPrOdP(EKTUBHOCTH B CTPOUTENBCTBE, T.C. MPOCKTHPOBAHHE,
CTPOMTENILCTBO W OKCIUTyaTalusi SHEprocOeperarmmx 34aHud U CoopykeHuH. DHeprodd¢eKkTHBHOE
3/1aHKE - COBOKYITHOCTh apXUTEKTYPHO-TNIAHUPOBOYHBIX U MH)KEHEPHBIX PELICHUH, KOTOPbIC HAWITYUIINM
0o0pa3oM OTBeYaloT LEIsIM MHHHMAJIBHOTO PAacXoJa JHEPrud Ha o0ecledeHHe MUKPOKIMMaTa B
noMeleHusIX 31anus. [IpowsBeneH JUTEpaTypHBI 0030p 3apyOe:KHOW IHTEpaTyphl MO BOMpPOCaM
9HEProdP(EeKTUBHOCTH KaK [JOMHHAHTAa COBPEMEHHBIX BHIOB CTPOHUTENbCTBA, IEPCHEKTHBbI
UCIIOJIB30BaHMS 3HEProcOEperaroIux 3H4aHUil B CTPOUTENBCTBE. Pe3ynbTaTbl IOKas3bIBAIOT, 4TO
HEJOCTaTOYHOE TEPMHYECKOE CONPOTHUBIECHHE OTPAKIAIOIINX KOHCTPYKLIUII Hambolee CyIIeCTBEHHO
CHIDKaeT DHEProdPQPeKTUBHOCTh 3JaHWA. ABTOpaMH  pacCMaTpUBAIOTCSI  3HEprodddeKTrBHBIC
TEXHOJIOTMM Y KOMIIO3ULMOHHBIE MaTepuajbl, noaydyeHHble ydeHbiMU 3KATY umenu Kanrup xana.
[TokazaHbl METOJBI TIOBBILICHUS SHEPTOCOEPEKEHUS, K HUM OTHOCST BHEAPEHHE MPUHIUITAAIEHO HOBBIX
TUTIOB KOHCTPYKIUH 3/1aHUi, UCTIOJIb30BaHHE HOBBIX 3HEProd((EKTHUBHBIX MaTepHajoB. JTO KacaeTcs
CTPOWUTENIBCTBA KaK CYyLIECTBYIOLIMX, TaK W BHOBb BBOAMMBIX 3IaHUH M COOPYKCHHH.
OHeprodpPeKTUBHBIMU MaTepHallaMH SIBISTIOTCS KEPaM3UT, KEPAMUYECKUI KUPINY, KOTOPBIE MOTyYECHEI
Ha OCHOBE MECTHBIX CYTJIMHKOB € JJoOaBJIeHUEM HEe(TSIHBIX NUIaMOB. Takke K HUM OTHOCSIT TICHOCTEKJIO,
KOTOpOE€ TMOJNy4ar0T K3 OTXOJOB CTEKOJBHOIO IPOM3BOACTBA, C J00ABICHHUEM Pa3IMYHBIX
KOppeKTupyromux 106aBok. [lokasansl npumMepsl 3HEPro3hHeKTUBHBIX JOMOB Pa3HBIX CTPaH.

TYWIH

Makanana KyYpbUIBICTaFbl DHEPrUs THIMILIITI, SFHH SHEPrUs YHEMIEHTIH FUMapaTTap MeH
KYPBUIBICTap/Ibl )Ko0anay, caly jKoHe MaijanaHy Mocelesepi KapacThIpblUIFaH. JHEPTHSAHBI YHEM-JCHTIH
FUMapaT — OYJI FUMaparThlH YH-KallapblHIaFbl MUKPOKIMMATBl KAMTaMachl3 €Ty YIIIH SHEpPTUsHbBI
MHUHMMAJIIbl TYTBIHY MaKcaTTapblHa XaKChl jkayall OepeTiH COyJIeTTIK, XKOCHapiiay »KOHE WHXKEHEPIiK
memiMAepAiH JKABIHTHIFEL. Ka3ipri 3aMaHfbl KYpBUIBIC TYpPJIEpiHIH 0achlM CHUNIATHl PETIHIE SHEPTus
TUIMJILTIT JKOHE KYPBUIBICTA SHEPTHs YHEMJICHTIH FUMapaTTap/pl Maianany nepcreKTUBaIaphbl Typajbl
HmIeTeNmiK ojeOueTTepre oaedu moiy Kyprizingi. Hotmxkenep KoprmaraH KypbUIBIMIAPIIBIH JKETKUTIKCI3
BTy KeIeprici FUMaparTapiAblH OSHEprus THIMAUITIH aWTapiblKTall TOMEHAETETiHIH KepceTeli.
Asropnap JKoHrip xaH ateiHAarel bateic Kaszakcran —arpapiblK-TEXHHKalbIK —YHHUBEPCHTETIHIH
FAIBIMZAPBl aJiFaH SHEPTUsl YHEMJCHUTIH TEXHOJOTHIAp MEH KOMIIO3UTTIK MaTepHaiap/bl 3epTTEHIi.
OHeprusiHbl YHEMAEYI apTThIPY 9IICTEpl KOPCETUIreH, ojlapFa KYPBUIBIC KOHCTPYKLMSUIAPBIHBIH JKaHa
TYPJIEPIH €HTi3y JKOHE OJHEPrUsHbl YHEMJCWTiH >KaHa MaTepuajjapisl Naiijanany kipemi. byn
KOJIZTAHBICTAaFbI )KOHE JKaHaJ[aH SHTI3UIreH FUMapaTTap MEH KYPBUIBICTApAbIH KYPhUIBICHIHA J]a KATBICTHI.
OHeprusiHpl YHEMICHUTIH MaTepualgapFa KEepaM3uT JKOHE KepaMMKaJbIK KIpIill jKaTajbl, ojlap MyHai
HIJJAMBIH KOCY apKbUIBI JKEPrUTiKTI ca3gak TOIBIpaKTaH anblHaibl. Onapra, COHBIMEH Kartap, apTypdi
TY3ETKIII KOCHanap KOCBUIFaH IIbIHBI OHAIPICIHIH KaJJIbIKTAPbIHAH AaJIbIHATBIH  KOOIKIIBIHBLIAPHI
JKaTagpl. OpTYPIi eJJepAeri SHEPTUIHbBl YHEMICHTIH FUMapaTTapIblH MbICajlapbl KOPCETIITEH.
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