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In this article the specific heating and cooling capacity of the ceiling TABS was determined. The
step of tube laying varied and was 10, 15, 20, 25, and 30 cm. Determination of the specific heating
capacity was carried out for ¢, /#. = 35/31; 36/32; 34/30 °C. The determination of the specific cooling
capacity was carried out for 7.,;; /yeueq = 15/18; 16/19; 16/20 °C. The radiant heating system based on
ceiling TABS allows providing the necessary heating capacity to fully cover the heat loss of the room.
The maximum values of the carrier temperature are t, /. = 34/30 °C. In the warm period, the ceiling
TABS does not allow to provide the necessary cooling capacity of the room. Thus, the greatest cooling
capacity of TABS is observed at coolant parameters z.,;; /#y.ueq = 15/18 °C, which allows covering about
70 % of the estimated heat gains of the room. Therefore, during the hours of peak heat gains an
additional cooling device should be used in the room.

Key words: district heating and cooling system; renewable energy source; radiant heating
system; radiant cooling system; thermally activated building system; specific capacity.

Introduction

One of the ways to achieve the European Union's goal of achieving zero greenhouse gas emissions
by 2050 is the use of district heating and cooling systems. District heating and cooling systems allow to
efficiently and safely supply energy for the needs of heating and cooling systems for the buildings of
various purposes (Abugabbara, 2023). Such systems are recognized as a key solution for the
decarbonization of the energy sector due to the high potential for the integration of renewable energy
sources. As energy resources in district heating and cooling systems, such renewable energy sources as
biomass, geothermal energy from the depths of the earth and water bodies, waste heat from industrial and
public buildings are considered (Savchenko, et al., 2018; Lepiksaar, et al., 2021; Lis & Savchenko, 2022;
Pakere, et al., 2021; Yurkevych, Savchenko & Savchenko, 2022). The main problem with the use of
renewable energy sources in heating and cooling systems is their low temperature potential, which
determines the operating temperature range of coolants in the systems, and, accordingly, the choice of the
type of heating and cooling system in houses (Savchenko, et al., 2023). One of the possible types of
heating and cooling systems, which are advisable to use in the presence of low-temperature coolants, are
radiant heating and cooling systems (Kazanci, Shinoda & Olesen, 2022; Babiak & Vagiannis, 2015;
Stojanovi, et al., 2014). Such radiant systems provide thermal comfort in the room and reduce the
consumption of energy resources compared to convective heating systems (Seo, et al., 2023; Gallardo &
Berardi, 2021). In radiant heating systems air or water coolant or electric cables can be used for heat
transfer, and in radiant cooling systems water coolant is used (Shindo, et al., 2023). Therefore, when
designing district heating and cooling systems, it is advisable to use combined radiant systems with a
water coolant. One of the varieties of radiant heating and cooling systems, which use water as a heat
carrier, are thermally activated building systems (TABS). For radiation or release of heat in TABS,
building enclosures of the premises are used, in which tubes for water circulation are installed, and the
installation of tubes is carried out at the stage of building construction. The tubes in TABS are used
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alternately in the warm period of the year and in the cold period of the year, respectively, by the cooling
and heating systems. At the same time, in the warm season of the year, cold water circulates through the
TABS tubes and absorbs excess heat from the room through the ceiling massif, and in the cold season of
the year, heated water moves in the tubes and heats the room. In Ukraine, radiant heating systems are
used mainly for heating industrial or agricultural buildings, and as heating devices they use mainly
electric or gas infrared heaters (Dudkiewicz, Voznyak & Spodyniuk, 2023; Fialko, Zhelykh & Dzeryn,
2013). The use of radiant panel systems is characterized only by isolated cases (Savchenko, Dzeryn &
Lis, 2023). However, the future accession of Ukraine to the European Union and the need to comply with
the requirements for the introduction of low-temperature centralized heating and cooling systems of the
4th generation will promote the use of radiant heating and cooling systems. Therefore, it is currently
relevant to investigate the operation of the radiant heating system in rooms of various purposes.

That is why, the aim of this article is to assess the possibility of using a radiant heating and cooling
system to maintain acceptable microclimate parameters of an office premise in Lviv.

Materials and methods

Thermally activated building systems (TABS) are divided depending on the working elements.
Currently, they are divided as follows: systems with pipes that are embedded in a massive concrete slab, and
systems with capillary tubes embedded in a thin layer that can be thermally bonded to the massive slab.
Concrete panels, in which pipelines for the circulation of the heat carrier are installed, are used as enclosing
structures of premises, in particular ceilings, walls or floors. The concrete panel provides significant thermal
inertia, helping to continue releasing heat after the system is turned off and maintaining a stable indoor
temperature. In addition, large areas of thermally activated surfaces provide significant heat flows between
the premises and the structure even with relatively small temperature differences. Water is most often used
as a heat carrier due to its high heat-accumulating properties.

The intensity of thermal radiation during the operation of thermally activated building systems
depends on many parameters, in particular, the location of the enclosing structure, the orientation of the
outer wall of the building, the type of pipe laying, the pitch of pipe laying, the diameter and material of the
pipes, the temperature and the speed of the liquid circulating in the pipes.

For example, Chandrashekar and Kumar (Chandrashekar & Kumar, 2023) investigated the effect of
different types of flooring on the performance of a thermally activated building system. Vinyl and granite
flooring were compared for maximum floor cooling. According to the results of experimental research, the
authors concluded that with a granite floor covering, the cooling efficiency is higher by 64 %, and the air
temperature and heat flow in the granite covering were kept uniform for a significant part of the time.

Other studies have analyzed the effect of location, separation, and pipe spacing in wall-mounted
TABS on indoor air temperature. Yes, Jiang et al. (Jiang, et al., 2020) investigated the influence of the
coolant velocity and the type of tube arrangement on the water temperature. In a numerical study, they
compared two TABS designs: series-connected tubes in a wall and a wall with parallel-connected tubes. The
authors found that the inlet water temperature had a more significant effect on the internal temperature than
the sol-air temperature. The authors observed that lowering the water temperature below 26 °C in summer
and increasing the temperature above 18 °C in winter reduces the heat load for cooling and heating,
respectively.

Romani and others (Romani, Gracia & Cabeza, 2018) made a numerical model of a radiant wall in
2D, verified with an experimental prototype. A parametric study showed that the distance and depth of pipe
placement significantly affect the thermal behaviour of the walls. The authors obtained better performance
when placing the pipes at a depth of 0.045 and 0.065 m and with a distance of 0.0125 and 0.0150 m,
because heat flows and temperature inside were minimized.

Leo Samuel and others (Samuel, Nagendra &Maiya, 2018) analyzed the effect of three parameters on
the thermal behaviour of TABS. The following indicators were changed: the step between the pipes, the
vertical position and the location of the pipes embedded in the roof and floor. They found that reducing the
pitch between the pipes from 0.3 to 0.1 m and moving the pipes towards the inner surface from 0.135 to
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0.015 m reduced the indoor air temperature by 1.6 and 2.7 °C, respectively. Meanwhile, changing the
arrangement of pipes from a coil to a parallel arrangement reduced the indoor air temperature to 32.1 °C.
The authors achieved such reductions at a distance of 0.1 m and a vertical position of 0.015 m, and the
parallel arrangement of the pipes reduced the indoor air temperature by 6.8 °C, reaching a comfortable
indoor temperature of 29 °C.

The main advantages of TABS are the shift of the peak load, a comfortable thermal environment, and
the integration of low-quality renewable energy sources and the storage of energy in the thermal mass of the
building (Romani, Gracia & Cabeza, 2016; Chandrashekar & Kumar, 2023). Recent studies show the
feasibility of using such structures in combined heating and cooling systems (Villar-Ramos, et al., 2022).

In Ukraine, some requirements for the design of radiant heating systems are given in DBN B.2.5-
67:2013 “Heating, ventilation and air conditioning”, as well as in DBN B.2.2-43:2021 “Basic provisions on
infrared gas heaters”. The implementation of radiant heating and cooling systems in Ukraine is carried out
by companies producing the corresponding products. So, in 2021, REHAU published a manual that contains
technical information on the equipment of radiant heating and cooling systems, their design and installation
features, and testing requirements.

Results and discussions

Analytical studies were carried out for the heating and cooling system of an office building built in
the city of Lviv, with dimensions of 15x12 m. The temperature of the internal air in the cold period of the
year is 20 °C, in the warm period is 26 °C. Heat gains in the warm period of the year were assumed to be
31 W/m’. The heat transfer resistance of external enclosures meets the requirements of DBN V.2.6-31:2021
“Thermal insulation and energy efficiency of buildings”. In the heating and cooling system, a thermally
activated ceiling structure was used, the design of which is presented in Fig. 1. REHAU RAUTHERM S
polymer pipes measuring 20xx2.0 mm are located in the middle of the 270 mm thick concrete ceiling.
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Fig. 1. Construction of a thermally activated ceiling structure:
1 — concrete ceiling; 2 — tubes; 3 — noise isolation; 4 — screed; 5 — covering of the floor

In these studies, the simplest case of engineering systems for maintaining microclimate parameters in
the room was considered. In particular, to cover heat gains in the warm period of the year and heat loss in
the cold period of the year, a combined radiant heating and cooling system was designed, and fresh air is
supplied to the premises when needed by natural ventilation, namely when windows and doors are opened
(Fig. 2).

The determination of the specific heating capacity of the combined radiant system was carried out
separately for the heating and cooling systems for different steps of laying tubes, in particular 10 cm, 15 cm,
20 cm, 25 cm and 30 cm. The simulation was carried out using the REHAU computer program. The
operation of the thermally activated building system in the cold period of the year was investigated to cover
the heat loss of the room with three groups of heat carrier parameters, namely ¢, /z. = 35/31; 36/32; 34/30 °C,
and the calculated air temperature in the premise was 20 °C. The values of the specific heating capacity of
the thermally activated ceiling during its operation in the radiant panel heating system are shown in Fig. 3.
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Fig. 2. Scheme of an office space with a combined radiant heating
and cooling system and natural ventilation
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Fig. 3. TABS specific heating capacity of the office premise in the cold period of the year

As can be seen from Fig. 3, the highest values of the specific heating capacity of the studied TABS are
observed at the temperature of the hot water #, = 36 °C and the temperature of the cooled water z. = 32 °C,
therefore, the higher the temperature of the hot water, the higher the specific heating capacity of the TABS will
be. In addition, the specific heating capacity of the studied TABS is also directly affected by the step of laying
tubes. The smaller the tube installation step, the greater the specific heating capacity of TABS. For the studied
conditions, the highest specific heating capacity was observed at a tubes installation step of 10 cm.

The operation of the thermally activated building system in the warm period of the year was carried
out to assimilate the heat entering the premises. For this purpose, the value of the specific cooling capacity
of the studied TABS was calculated for three groups of coolant parameters, namely ?.oo1 / theaed = 15/18;
16/19; 16/20°C, the calculated air temperature in the room was 26 °C. The values of the specific cooling
capacity of the thermally activated ceiling during its operation in the radiant cooling system are shown in
Fig. 4.

As can be seen from Fig. 4, the highest values of the specific cooling capacity of the studied TABS
are observed at the temperature of cold water 7.,;,; = 15 °C and the temperature of heated water #;...s = 18 °C.
Therefore, the lower the temperature of cold water, the higher the specific cooling capacity of TABS will
be. In addition, the highest value of the specific cooling capacity of the studied TABS was observed at a
tubes installation step of 10 cm.
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Fig. 4. TABS specific cooling capacity of the office premise in the warm period of the year

Analytical studies were also conducted for the investigated office premise to ensure acceptable
microclimate parameters with the help of TABS in cold and warm periods of the year, in particular, whether
they will be able to fully cover the heat loss and heat gain of the office premise. To do this, with the help of
the REHAU computer program, the share of coverage of heat losses and the share of coverage of heat gains
when changing the step of laying tubes heat carrier parameters was determined. Thus, Fig. 5 shows the
graphs of coverage of heat loss in an office premise using radiant heating, namely ceiling TABS.
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Fig. 5. The share of heat loss coverage of the office premise by TABS depending
on the step of laying the tubes and the heat carrier parameters

As can be seen from Fig. 5, at the same specific heating capacity of TABS, the temperature of the hot
water of the carrier circulating in the tubes has the greatest influence on the efficiency of the radiant heating
system. Thus, the heat carrier with the parameters #, /¢, = 36/32 °C completely covers the heat loss of the
office premise at all investigated steps of laying the tube. The heat carrier with the parameters ¢, / ¢, =
34/30 °C has the worst performance, it allows to cover the heat loss of the room only at a step of 10 cm and
15 cm.
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Thus, Fig. 6 shows the graphs of coverage of the heat gains of the office premise with the help of
radiant cooling, namely ceiling TABS.
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Fig.6. The share of coverage of the heat gain of the office premise by TABS depending
on the step of laying the tubes and the coolant parameters

As can be seen from Fig. 6, at the same value of TABS heat inputs, the temperature of the cold water
of the coolant circulating in the tubes has the greatest influence on the efficiency of the radiant cooling
system. Thus, the coolant with the parameters 7,4/ theaea = 15/18 °C has the highest coverage of heat gains
to the room for all investigated steps of tube laying, and the coolant parameters z../4/ theaea = 16/20 °C has the
worst indicators. In addition, the results of the analytical studies showed that none of the investigated TABS
options for different steps of tube laying and coolant parameters allow to completely cover all the heat gains
of the investigated office premise. The highest value reaches 72 % with a tube step of 10 cm and coolant
parameters f,.q / theaea = 15/18 °C. Therefore, to ensure acceptable parameters of the microclimate in the
office premise and to cover all heat gains, it is necessary to provide additional devices for air cooling, for
example, a wall-mounted TABS or an air conditioner.

The analysis of Fig. 5 and Fig. 6 allows us to establish that to ensure acceptable parameters of the
microclimate of the office premises, it is possible to use a combined system of radiant heating and cooling
based on the ceiling TABS, with tubes measuring 20.0x2.0 mm and a step of 10 cm, which are located in
the middle of the concrete floor. At the same time, in the cold period of the year, the temperature of the
coolant should not be higher than the value #, /¢, = 34/30 °C, and in the warm period of the year — not higher
than t..u / theaea = 15/18 °C. In addition, an additional cooling device should be used during the hours of peak
heat gains in the office premise.

Conclusions

1. As the research data showed, the radiant heating and cooling system based on the ceiling TABS
allows you to partially maintain the acceptable parameters of the microclimate in the office premises, and
its effectiveness depends on the step of tubes laying and parameters of the coolant in the TABS. Thus, for
the climatic conditions of Lviv, the highest values of specific capacity were observed for the smallest
value of the step of tube laying, namely 10 cm.

2. Determination of the specific heating capacity of the radiant heating system for the cold period
of the year was carried out for three groups of carrier parameters: ¢, / t. = 35/31; 36/32; 34/30 °C, and the
determination of the specific cooling capacity of the radiant cooling system for the warm period of the
year was carried out for the following groups of coolant parameters: Z.ou / thearea = 15/18; 16/19; 16/20 °C.
It has been established that the radiant heating system based on the ceiling TABS provides the necessary
heating capacity to fully cover the heat loss of the room. At the same time, the maximum values of the
carrier temperature are f;, /. = 34/30 °C.
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3. In the warm period of the year, the ceiling TABS does not allow to provide the necessary cooling
capacity of the room. The greatest cooling capacity of TABS is observed at coolant parameters
teotd / thearea = 15/18 °C, which allows covering about 70 % of the estimated heat gains of the room.

4. During the hours of peak heat gains in the warm period of the year, an additional cooling device
should be used in the room.

5. In further research, it is advisable to establish the amount of primary energy that was saved when
using radiant heating and cooling systems to ensure microclimate parameters in the office premises.
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E®EKTUBHICTb CUCTEM NTPOMEHEBOI'O OITAJIEHHSA TA OXOJIOJ)KEHHA O®ICHOT' O
MHNPUMIIINEHHSA HA OCHOBI TABC
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LeHTpanizoBaHi CUCTEMH TEIUIO- 1 XOJOJOMOCTAYaHHS € KIIOYOBUM PIIIEHHSIM LIONO0 JeKkapOoHi3amil
S€HEePreTHYHOI'0 CEKTOPY Yepe3 BHCOKUM IOTCHIa] IHTerparlii BiTHOBIIOBaHHMX JKepen eHeprii. IIpore
HU3bKHAN TEMIICPATYPHHUI TMOTEHINa]l BiJHOBIIOBAHUX JDKEPEN EHEprii 3yMOBIIOE BiIIOBITHI Jiama3oHH
pobouux TeMIiepaTyp TEIUIOHOCIIB y CHCTeMax OMajeHHS Ta OXOJIODKEHHSA. 3a HasBHOCTI HU3BKOTEMIIE-
paTypHHUX TEIUIOHOCIIB JOIUIFHO BUKOPUCTOBYBATH CHCTEMH MPOMEHEBOI'O OIMAJICHHS Ta OXOJIOPKEHHS, SKi
3a0e3MMeYyI0Th TEIUIOBHIA KOMGOPT Y MPUMIIICHHI Ta 3MEHIIYIOTh CIIOKUBAHHSA €HEPIeTHYHUX pecypciB. Y
CTaTTI BU3HAYECHO MMUTOMY MOTYXHICTh cTenboBoi TABC i3 BMOHTOBaHUMH TpyOaMu po3mipamu 20%2,0 M,
0 PO3TAIIOBaHI B CepeMHI OSTOHHOTO MEpeKPHUTTs 3aBToBIIKK 270 MM. Kpok ykimamgaHHS TpyOOIIPOBOIIB
3MiHIOBaBCs Ta craHoBuB 10, 15, 20, 25 Ta 30 cM. Bu3HaueHHs MUTOMOI TEIUIOBOI MOTY)KHOCTI MIPOMEHEBOI
CHCTEMH OIAJIEHHs] BUKOHAHO Ui TIApaMETPiB TeIIoHocis: &, / &, = 35/31; 36/32; 34/30 °C. Busnauenus
MMUTOMOI XOJIOMWIBHOI TOTYXHOCTI TPOMEHEBOI CHCTEMH OXOJODKCHHS 3MIHCHEHO MJIs IapaMeTpiB
TEIIOHOCIS: £, / t, = 15/18; 16/19; 16/20 °C. Pe3ynpraT aHATITUYHHUX JOCIIKEHD TIOKA3yIOTh, 10 CUCTEMA
MIPOMEHHUCTOr0 OmajeHHs Ha ocHOBi crenboBoro TABC pae 3mory 3a0e3neunTH HEOOXiIHY TEIUIOBY
MOTY)KHICTh JJISI TIOBHOTO TIOKPHUTTS TEIUIOBTPAT NPHUMIIICHHS, a MaKCHMajbHI 3HAYCHHS TeMIepaTypu
TEIIOHOCIS CTAHOBIATE £, / t, = 34/30 °C. V Teruuii mepion poky crensoBa TABC He mae 3Moru 3a6e31eunTH
HEOOXIMHY XOJOAWIbHY TIOTY)KHICTh TpuMilleHHA. HaiiOimpma xomomwibHa moTyxkHiCTE TABC
CIIOCTEPIraeThes 3a MapaMeTpiB XonomoHocis &, / ¢, = 15/18 °C, mo mgae 3Mmory mokputu Oiamu3bko 70 %
PO3PaxXyHKOBUX TEIUIOHAIXOHKCHb MPHUMIIeHHS. TOMY B TOMUHM MIKOBHX TEIUIOHAIXOMKCHb y TCTUTHIMA
Mepios POKY y MPUMIIICHHI HEOOX1THO BUKOPHCTOBYBATH JOJATKOBHI OX0JIOKYBAIBHUH MPHIIa.

KnrouoBi ciioBa: cucTeMa IEHTPAJIi30BAHOIO OMAJEHHS TAa OXOJOIKEHHS; BilHOBJIIOBaHe
J2KepeJio eHeprii; cucTeMa MPOMEHEBOIo ONAJIEHHS; CHCTEMAa NMPOMEHEBOr0 OXOJIOIKEHHSI; TEPMITHO
AKTHBOBaHA OyiBe/IbHA CHCTEMA; MUTOMA MOTY/KHICTD.



