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YMHbIE KOMNO3WUTbl B CTPOUTENbCTBE
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The design of buildings, especially during the layout and development phase of low heat and energy
structures, requires a distinct identification of energy efficiency and performance objectives. Also it should
consider the flow and inflow of energy and thermal systems. It allows the project to comply with the client's
and designer's requirements regarding the energy efficiency class. The required energy base for
the development of construction objects is established by observing a number of approaches. These include
the following ones: functional - facilities are convenient for the process; technical - facilities protect people
from harmful effects; architectural and artistic expressiveness - facilities have a favourable effect
on the persons’ psychological condition; economic - the building uses maximum useful area with minimum
labour, financial and time costs on its construction. In terms of cost-effectiveness, the requirements apply

to costs over the facilities life cycle.

Key words: construction project, facilities, energy-saving structures, life cycle, energy efficiency

class, air exchange, buffer capacity, humidifier

For citation:

Fedosov, S.V., Fedoseev, V.N., Zaitseva, [.A., Razgovorov, P.B. & Voronov, V.A. (2023) Design
of buildings with energy-efficient structures from the perspective of life cycle management
of the construction object, Smart Composite in Construction, 4(4). pp. 20-29 [online]. Available at:

http://comincon.ru/index.php/tor/issue/view/v4n4_2023

21


http://comincon.ru/index.php/tor/issue/view/v4n4_2023

2023. Tom 4, Bbinyck 4. C. 20-29 YMHbIE KOMNO3WUTbl B CTPOUTENbCTBE

2023. Volume 4, issue 4. P. 20-29 SMART COMPOSITE IN CONSTRUCTION

HAVYHAA CTATbHA
VIAK 697:621.577

[IpoekTUpOBaHUE 34AHUU
C SHeprocbeperanIMu
KOHCTPYKIIUSIMMU C IIO3ULUN
yIIpaBIeHUS XU3HEHHOTO ITUKJIA
00BbEKTa CTPOUTEILCTBA

C.B. ®exocos’, B.H. Peaocee*, H.A. 3aiineBa’,
I1.B. PasroBopos?, B.A. BopoHOB?*

Cepreii BukToposud ®esocoB

'HallMOHAJIBHBIH HCCIeA0BaTeNbCKUE MOCKOBCKUE TOCYZapCTBEHHBIM CTPOUTEIBHBIN YHUBEPCUTET,
Mocksa, Poccutickas Pezpepanms

fedosov-academic53@mail.ru

Bagum Hukosnaesuu ®ezoceeB, UprHa AjleKcaHAPOBHA 3aiineBa, Bragumup AnapeeBud BopoHos
2JIBaHOBCKUH I'OCYZapCTBEHHBIH [TOTUTeXHUYECKU YHUBepcuTeT, ViBaHOBO, Poccutickas ®Pesepanyis
4932421318@mail.ru’®; 75zss@rambler.ru; amenamiiii@gmail.com

ITaBes Bopucosu4 Pa3srosopos
*IpocaBCKUI rOCyIapCTBeHHBIN TeXHUYEeCKUH YHUBEPCUTET, IpociaBib, Poccutickas epeparys
razgovorovpb@ystu.ru

© C.B. ®epocos, B.H. ®enocees, U.A. 3aiinesa, I1.B. PasroBopos, B.A. BopoHoB, 2023

22


mailto:fedosov-academic53@mail.ru
mailto:4932421318@mail.ru
mailto:75zss@rambler.ru
mailto:amenamiiii@gmail.com
mailto:razgovorovpb@ystu.ru
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ITpoexmuposarue 30anuil, 0cOGeHHO HA Imane NAAHUPOSKU U pa3pabomKu KOHCMPYKYUL ¢ HUSKUM
menno- U IHepeonompebieHuem, mpebyem uemxkoeo o0bo3HaueHus 3adaw no  obecneueHulo
9HepeoapGexmueHocmu U Npou3oOUmMeAbHOCTIU, C Y4emom pacxo0d U NMpUmoKa IHepeemuHuecKux
U menaosevlx cucmem. Dmo noseoasem cobaodamv mpeb0BAHUS 3AKAIHUKA U NPOEKMUPOSUUKA
8 OMHOWeEHUL KAadcca IHepeoddpexmusnocmu. Heobxodumas sHepeemuueckas 6aza 04s pas3gumus
cmpoumenvHblx 00sekmos cozdaemcs npu cobaiodenuu pada nodxodos: QYHKYUOHAALHBLL — CMpPOeHUs
U KOHCMPYKUULL  8AAI0MCA  YOOOHBIMU 048 OCYUecmeneHUs Tpouecca; MmexHuueckuil - 30anus
UL cmpoumenvHble KOHCMPYKUUL HAJeHHO 3awjuwiarom aiodeili om epedHulx 6030elicmeutl, s84510mMcs
00/1208€4HBIMI U TPOYHBIMU;  APXUMEKMYPHO-XY00JCeCMBeHHASL — 8blpA3UMEAbHOCT  —  30aHUs
UL KOHCMPYKMUBHblE J/NeMEeHIMbl  0KA3blgalom 6aazonpusmHoe 8030eiicmeue HA NCUXO0A02UHECKOe
COCMOSIHUE 4eN08eKa; IKOHOMUHeCKUlL — 6 30aHul 3adelicmgyemcs MAKCUMYM TOAe3HOIL naowadu
NpU MUHUMAALHLIX 3ampamax mpyoa, cpedcmeax U 8pemeHl HA ee0 NOCmpoliky U 8038edeHue
CMPOUMENbHbLX KOHCMPYKYUL. B OMHOWeEHUL IKOHOMUYHOCMU Mpeb08aHUsL pACNpOCMPAHAIOMCA

Ha pacxodbl 8 meueHuUe 8cez0 CPOKA IKCTLAYAMAayUul 30aHUIL U KOHCMPYKYUIL.

KiioueBble CJI0BAa: CTPOUTEIbHBIM OOBEKT, 3AaHUI M 3Heprocbeperaromirie KOHCTPYKIIHH,
KU3HEHHBIM IUKJI, Kiaacc 9HeproapbeKTUBHOCTH, BO3Ayx000MeH, OydepHas eMKOCTb,

VBJIQXKHUTEJIb BO3JyXa

JJ11 DU TUPOBAHUA:

denocos C.B., ®egocees B.H., 3aiinena U.A., Pasrosopos II.B., BoporHos B.A. IIpoekTHpoBaHue
3JaHUI C 9HeprocbeperaouMy KOHCTPYKIUAMY C MMO3UIUH YIIpaBJeHUS KU3HEHHOIO IIMKJIA
00BEKTA CTPOUTENBCTBA [/ YMmHble komnosumsl @ cmpoumensvcmee. 2023. T. 4, Beii. 4. C. 20-29.
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INTRODUCTION

The energy efficient management of the construction object life cycle is associated with the period
of performing the cumulative operating mode of the development stages of the object. This mode
should be asset-based by the resources and economic reasonability.

Nowadays, the life cycle in engineering systems [1-3] is considered as the development of energy
saving, ecology, climatology, and other economically beneficial services of a real estate object created
for human needs.

A building object advances during its life cycle and changes its energy consumption, passing
through certain stages. Therefore, sustainable life support systems planned for that stage should be
available at each stage of the life cycle. The implementation of priority engineering and technological
solutions can be represented as an energy efficiency star (Fig. 1).

COSTS

TIMING RESOURCES

SAFETY COMFORT

Fig. 1. Energy efficiency star of the life cycle condition of the construction object
Puc. 1. BBesaa SHepI‘OB(l)(l)eKTI/IBHOCTI/I COCTOAHUA XXM3HEHHOI'O ITNKJIa 00bEKTa CTPOUTEJIbCTBA

The tops of the star are chosen intentionally. In terms of the stages of the construction object life
cycle they are as follows:

Costs imply cost reduction; resources imply reduction of resources; timing is a reduction
of the time of realization of the operating mode; safety is the reduction of harmful emissions
and improvement of environmental safety of construction facilities; comfort is an increase
in the comfort of the working condition during the facility construction.

The purpose of the paper is to ensure the life cycle of buildings with energy-saving structures,
taking into account the installation of advanced thermal systems indoors.

EXPERIMENTAL PART

We will consider the mode of energy efficient building as an economical energy consumption
of its operating state in the operation mode. The energy efficiency of buildings and structures
is an economically feasible energy saving, an indicator that characterizes the optimization of "life cycle
cost", including the initial costs of facility life support, the operation costs, etc. It is also reasonable
to forecast changes for available energy resources and their cost.

The comparison of recommended and obtained results during the operation of the building
with energy-efficient structures becomes the starting point for determining the energy efficiency class
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labeling according to Government Decree No. 1628 on 27.09.2021. In accordance with Clause 2
of Decree No. 1628, the basic requirements for energy efficiency of buildings include an assessment
of energy consumption. The main indicators are the consumption of electric and thermal energy
for heating, hot water supply, and ventilation [4]. Article 13 clause 7 of Law 261-FZ as revised
on 14.07.2022, which came into force on 01.01.2023, states: "The developer is obliged... to provide
metering devices for energy resources used" according to the engineering specifications adopted.

The modern architectural and design approach to the use of energy efficient designs requires
close co-operation both with energy and environmental engineers, especially during the planning
and design phase of a low energy project.

Achievement of energy-saving solutions is realized through the use of rationally selected special
equipment, installations, and structural elements, such as:

- heat pumps;

- cavitation heat generators;

- heat exchangers;

- supply and exhaust ventilation system;

- floor heating;

- fan coil;

- solar photovoltaic panels;

- solar collectors for hot water supply;

- wind farms - heat and electricity.

According to the Ministry of Construction of the Russian Federation requirements for energy-
efficient construction and energy-saving structures, prior indicators characterizing resource
consumption may be electricity, heating, and ventilation. Their use can establish the energy efficiency
class of a building.

The change of working parameters of heat exchange systems, heat carrier flow rate, hydraulic
regime during operation of energy efficient equipment, and operation of energy saving structural
elements can provide heat savings and redistribution indoors.

Modern building design and the use of the proposed structural elements require an advanced
solution to the problems of energy efficiency, performance, energy and heat supply indoors.

Although the indoor air environment is protected from direct impact by the building envelope
under certain conditions it can have harmful effect on human health and the nature of technological
processes:

% Building and finishing materials - 30-50%;

“» Human waste products - 10-30%;

% Operation of household appliances and household chemicals - 10%;

% Input of polluted atmospheric air - 20-40%.

Ensuring the required parameters of the indoor air environment allows us to ensure the people's

°,

comfort life.

RESULTS AND DISCUSSION

Scientists of Moscow State Construction University, Ivanovo Polytechnic University and Yaroslavl
State Technical University continue research on the creation of technical complexes with the inclusion
of new structural elements indoors. Energy-efficient air heat exchange systems (heat pumps)
integrated with combined supply and exhaust ventilation and built-in air purity device, previously
described in [5-7], can be referred to such complexes. For instance, a mixed air environment and fresh
air microclimate is developed in the work space indoors (Fig. 2).
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ADVANCED ENERGY-EFFICIENT ROOM AIR EXCHANGE

Fresh air
intake

Heat accurmiator
*, Air-heatinterchanger .°
- water o

Evaporator

Compressor

Condenser

Air heat exchange system

Fig. 2. Scheme of heat supply and air exchange of the room by heat exchange system and supply ventilation
Puc. 2. CxeMa TeroobecriedeHNs U BO3Ayx000MeHa ITOMeIleHNs TeIIO0OMEeHHO! CUCTeMO U IPUTOYHOM BeHTUIIALVeH

The technological concept consists in the air intake from the surrounding space for the heat
pump, which heat the coolant in the buffer tank (accumulator). The air-heat interchanger heats the
heating devices supporting heat supply, temperature, and condition of indoor air with updated
thermophysical parameters [8-12]. We designed an air humidifier to obtain the effect of pollution
control for rooms with the maintained humidity should not be lower than the values of the comfort
microclimate (Fig. 3)

Fig. 3. Air humidifier: 1 - duct; 2 - confuser; 3 - nozzle; 4 - diffuser; 5 - liquid supply pipe;
6 - compressed air; 7 - liquid; 8 - duct; 9 - adjustable valve
Puc. 3. YCTPOICTBO yBIaXXHEHUS BO3AyXa: 1 - BO34yX0oBoJ; 2 - KOHOY30p; 3 - couto; 4 - auddysop;

5 - Tpy6Ka, [T0ABOAAIIAS YKUAKOCTD; 6 — CXKATHIN BO3AYX; 7 — JKUAKOCTb; 8 — BO3LYXOBOJ; 9 — PEryIUPyeMblil BEHTUIb

The patent No. 208767 on 18.01.2022 for this humidifier was obtained earlier [13].

The level of efficient operation of the indoor heat exchange system is ensured by aerodynamic
stability and balanced exchange of supply exhaust air. It explains the energy-saving heat generation
corresponding to the efficiency factor of the heat exchange system at the level of 2.50-5.01 [13, 14].
Indeed, the value of 2.50 corresponds to the heating of air-heat interchanger up to 50°C, and the value
of 4.00 corresponds to heating of air-heat interchanger up to 35°C [15-17].
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The heat pump system provides air intake from the room for the device with heating of the air-
heat interchanger in the accumulator (buffer tank). As a result, the air in the room obtains new thermo-
physical parameters corresponding to the fresh air. The use of forced air intake system based
on the signal of carbon dioxide sensor allows us to organise the most energy-efficient ventilation
system (automation works) with minimal operating costs and adaptive control [18]. The energy saving
effect is at the level of 50-60% [19, 20].

An integrated energy efficient approach to the life cycle process of a construction project with
the joint application of new structural and energy saving solutions include both customer and designer
requirements and the energy efficiency class. During the operation of the building with the integration
of new energy-saving designs and class assessment, it is necessary to pay special attention
to the following indicators:

- specific consumption of utilities;

- changes in the specific consumption of utilities of the building compared to the baseline
indicated in the energy efficiency class.

CONCLUSIONS

Nowadays, in the context of the modelling development and scientific research in the field of life
cycle management of civil engineering objects equipped with the energy-saving systems, the design
of the heat-saving solutions fundamental methodology are in high demand. This design provides
an opportunity to generalise previously proposed, new effective ones, and alternative approaches
to the establishment and modernisation of cost-effective technologies in the construction industry.
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