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MeTor0 po0OTH € aHAJI3 TENJIOBTPAT Y CHCTEMAX XO0JIOJHOIO i rapA40ro BOAONOCTAYAHHSA
(CI'B). By/io BHKOpHCTaHO MeTOAW PO3PAXyHKy 3a YHHHUM crangapramu EN musi enepro-
e(pekTUBHOCTI OyaiBJi. AHANI3 eHepreTUYHOI eeKTUBHOCTI OYJ10 3p00JeHO A AEKiTbKOX S-
NMOBEPXOBUX >KMTJIOBUX OYyIMHKIB i3 3arajibHow KiabkicTio KBapTHp 32 (IBOKIMHATHI Ta
TPUKIMHATHI KBapTHpH Bix 2-ro 10 5-ro moBepxiB). ¥ OyIMHKY Npo:KMBalOTh 86 KHUTeJIIB,
cepeaHe crnoxuBaHusi rapsidoi Boau 40 giTpiB Ha gwoauHy B jaeHb. O0'€KTOM aHATi3ly €
3aCTOCYBAHHSl eJeKTPHYHUX HArpiBaJbHUX Ka0eaiB Add HarpiBaHHA BOIAM Y CHCTeMax
rapsiuoro BOJONOCTa4YaHHA. Pe3ybTaTH NMOPIBHIOIOTHCH 3 TPAAMUIHHOIO CHCTEMOI0 rapsa4oro
BOJONOCTAYAHHSA 3 HUPKYJIANiiHMM KOHTYpoM. KinbKicTh eHeprii 1y NPpUroTYBaHHS rapsiyoi
BOJAU, TeNJIOBTPaTH y TpPyOompoBoaax Ta €MHOCTAX MidA 30epiranHs rapsdoi Boau CI'B
po3paxoBaHo Ajs koxHoro Bapianta CI'B. 3 pesyabrartiB Bugno, mo CI'B 3 nupkyasuiiinum
KOHTYPOM NOTpe0ye 3HAYHOI KiNbKOCTi eHeprii, a TeNmJI0BTPaTH B Hiil CTaHOBJATH 0JM3bKO
30 % Bin eneprii, HeoOXinHOI 15 NPUTOTYBaHHSI rapsiyoi Boau. Y pa3i 3acTocyBaHHs
€JIeKTPUYHUX HArpiBajJbHHX Ka0eJiB TemaoBTpaTH Yy cucreMmi Oysao 3Hm:keHo g0 15 %.
JocsarnyToi exoHoMii eHeprii He BpaxoByBaau B ekcriyartaniiHux 3arparax CI'B. ¥V pa3si
BUKOPHCTAHHS HarpiBaibHHUX KaleliB co:kKMBaHHA eJeKTpu4HOI eHeprii B CI'B 30inbmuaocs
Ha 8 % . SIkmo MKepesio eHeprii — eJ1eKTPUYHA eHeprisi, ToO ekcnayaTamiiini 3arpatu na CI'B 3
€JIeKTPUYHUMH HArpiBalbHUMH KabeassMu 3Hu3uThes Ha 10 % .

KarouoBi cioBa: cucreMa rapsyoro BOAONOCTAYAHHS, TENJIOBTPATH, WHPKYJISAUiAHUI
KOHTYP, eJeKTPUYHi HarpiBajbHi Ka0ei.

The aim of paper is to analyze the thermal losses of domestic hot water (DHW)
distribution system. There were used calculation methods by valid EN standard for energy
perfor mance of building. The analysis of ener gy per for mance was done for multi-dwelling house
with 5 floors with total number of flats 32 (two-room and three-room flats on the 2nd to 5th
floors). There are total 86 residents in the house and the aver age consumption of DHW is at 40
litres per person and day. The object of analysisisthe application of electric heat cablesin order
to maintenance domestic hot water temperature. The results are compared with traditional
DHW distribution system with circulation loop. Energy need for DHW, ther mal losses from the
DHW distribution system and thermal losses from the DHW storage vessel were calculated in
order to analyse the selected variants of DHW systems. From results is clear that DHW
distribution system with circulation loop represents significant part of system energy need. In
case of classic DHW distribution system with circulation loop the distribution thermal losses are
about 30 % from energy need for DHW preparation. In case of electric heat cables application
the rate of distribution thermal losses were reduced to 15 % from energy need for DHW
preparation. The reached energy saving was not displayed in the operation costs of DHW
system. In case of heat cables utilisation the electric energy consumption in DHW system is
higher and it caused the increasing the operation costs about 8 %. In case that all energy
requirements of DHW system (both variants) are covered by eectricity the operation costs of
DHW system with electric heat cables would bereduced by 10 % at average.

Key words. domestic hot water system, distribution thermal losses, circulation loop,
electric heat cables
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Introduction. The data about the final energy consumption from EUROSTAT show the significant
share of buildings on the final energy consumption over thelast 20 yearsin all states of EU. Theright design
of heating and domestic hot water system in term of heat sources, distribution network and system regulation
significantly influence the energy consumption in buildings. Therefore the decentralised systems of heat
supply are preferred nowadays that reduce thermal losses from distribution pipes. The aim of contribution is
to compare energy balance of domestic hot water system in designed two variants. The analysis of energy
performance is done for multi-dwelling house. It is the house with 5 floors with total number of flats 32 (two-
room and three-room flats on the 2™ to 5™ floors). On the 1st floor there are carports and community spaces
for all residents of the multi-dwelling house. The total heating area of the house is 2 185 m?. There are total
86 residents in the house and the average consumption of DHW isat 40 litres per person and day.

Energy for domestic hot water system. The energy need for the domestic hot water is the heat to
be delivered to the needed amount of domestic hot water to raise its temperature from the cold network
temperature to the prefixed delivery temperature at the delivery point. It is directly depend on physical
properties of water (specific weight, specific heat capacity) and specific domestic hot water delivery
temperature. In real situations it is needed to take account energy performance of the whole domestic hot
water system and therefore distribution thermal losses (domestic hot water distribution system) too. The
heat generator that provides the energy required for meeting the energy need for domestic hot water and for
compensating the losses in other sub-systems is very important too.

The domestic hot water systems can be different. In case of centralized domestic hot water system
the domestic hot water preparation is in central boiler room, in central domestic hot water storage vessel.
The hot water is delivered at all delivery points in building. This systems use circulation loop in order to
provide for the required minimum temperature of the domestic hot water at the user outlet. In this case the
distribution thermal losses occur and have effect on final energy performance of domestic hot water
system. In many cases the distribution thermal 1osses (during periods of circulation) are equal to amount of
energy need for the domestic hot water (heating of cold water). There are primarily older systems with
large distribution system (horizontal and vertical pipes), with insufficient thermal insulation of pipes
(sometimes thermal insulation is missing) etc. In these cases the rate of distribution thermal losses is at
values 70-100 % of energy need for domestic hot water delivered to the user. Nowadays the value of
coefficient is about 25-30 % for renovated multi-dwelling houses where the renewal of domestic hot water
distribution system was done including exchanging the thermal insulation.

According to energy policy of EU and valid Directive 2012/27/EU of the European parliament and
of the Council of 25 October 2012 on energy efficiency demands of energy performance of buildings and
building equipments are more and more strict. As amended by Act no. 321/2014 on energy efficiency the
owner of building with total floor more than 1000 m? owe a duty:

— tohydraulic regulate the domestic hot water distribution system,

— toinstall the proper thermal insulation on domestic hot water pipes. [1]

Minimum thermal insulation thickness of heat and domestic hot water distribution pipes is specified
in public note No. 282/2012 (see Table 1).

Table 1
The minimum ther mal insulation diameter of heat and domestic
hot water distribution pipesin buildings [2]

Inner diameter of pipes or fitting Minimum thermal insulation thickness
To22mm 20mm
From 23 mm to 35 mm 30 mm
From 36 mm to 100 mm Like inner diameter of pipe
More than 100 mm 100 mm
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Sedlected variants of domestic hot water system in analysed object. The object of analyse is the
multi-dwelling house where the heat source of heating and DHW system is a cascade of 2 gas boilers (heat
power 2x80 kW) located in the boiler room on the 1st floor. The analyse is oriented only on domestic hot
water system (DHW).

There is central DHW preparation in storage with volume 1,500 litres (the stand-by heat loss of
storage vessdl is at 5.1 kWh/24h by hot water temperature 65 °C and ambient temperature 20 °C [3]. The
horizontal DHW distribution system is led below ceiling of the 1% floor; rising pipes are led in vertical
shaft of flats (Figure 1). There are used the polypropylene pipes (multilayer PP-R with carbon layer) with
thermal insulation from polyethylene (PE). The thickness of thermal insulation is dependent on inner
diameter of pipes, designed by Table 1.

There were 2 variants of domestic hot water distribution system under consideration:

1% variant — Thereis used standard DHW distribution system including circulation loop (Fig. 1). The
circulation loop of distribution system is in operation non-stop, 24 hours per day. The average temperature
of hot water in distribution pipes is considered at 50°C.
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Fig. 1. DHW distribution system including circulation loop in analysed multi-dwelling house

2™ variant — In this variant the electric heat cables are designed to provide hot water temperature
maintenance. In this case the DHW distribution system is designed without circulation loop. Distribution
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thermal losses are compensated by self-regulating el ectric heat trace cable installed on the hot water supply
pipes (underneath standard pipe insulation) (Fig. 2).

Bojler é i

Fig. 2. Example of e ectric heat cablesinstallation
[ http://voda.tzb-info.cz/7794-samoregul acni - system-udr zovani -tepl e-uzitkove-vody-hwat-iv]

Theauxiliary energy consumption for the eectric heat cables is calculated by the following formula[4]:

_ I-W,rib'UW,diS'(qW,dis,avg - qamb)'
V\(N,dis,rib - 1000

where Wiy gisrib — iS the auxiliary energy consumption for the electric heat cables [kWh/a]; Ly ip— iS

the length of pipe section with installed heat cables [m]; Uy — is the linear thermal transmittance of

pipe section [W/(m.K)] [4]; Ow.adisavg — IS the average hot water temperature of pipe section [°C];

famp— IS the average ambient temperature around pipe section [°C]; tw— is the operation time of heat

cables [h/a].

W [kwh/a], 1)

Energy and financial balance of the domestic hot water system. In order to analyse the
selected variants of DHW systems the following items were calculated: energy need for DHW [5],
thermal losses from the DHW distribution system, calculation by [4] and thermal losses from the
DHW storage vessel, calculation by [6]. The results of energy demand for all subsystems are shown
in the figure below (Fig. 3).
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Fig. 3. Energy demand for all subsystems of DHW system

The logic result of 2™ variant application is the reduction of distribution hest losses in average to 50 %.
The next step was to calculate the specific energy need and primary energy for both analysed variants
(Fig. 4). The specific energy need was calculated as share of energy need for DHW system and total floor area
(2,185 ). There was calculated with energy eficiency of gas boilers at value 95 %. The primary energy is
calculated by multiplying the specific energy need and factor of primary energy (natural gas— 1.36, dectricity —
2.764) [5]. In 1% variant the distribution thermal losses are covered by heat energy from natural gas. In 2™
variant thethermal losses from distribution pipes are covered by eectric energy from heat cables.
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Fig. 4. Specific energy need and primary energy for DHW system

The last step of analyse was to calculate the operation cost of DHW system for both evaluated
variants (Fig. 5). The price of electricity is at average three times higher than the price of gas (gas —
0.0547 Euro/kWh, dectricity —0.1379 Euro/kWh inclusive of tax).
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Fig. 5. Operation costs of DHW system

Conclusion. The aim of article was to analyse the installation of eectric heat cables in return for
circulation loop in domestic hot water system. In case of classic DHW distribution system with circulation
loop the distribution thermal losses are about 30 % from energy need for DHW preparation (1% variant). In
case of eectric heat cables application the rate of distribution thermal losses were reduced to 15 % from
energy need for DHW preparation (2™ variant). The distribution thermal losses are directly depending on:

—  Length of distribution pipes,

—  Quality and thickness of the pipe thermal insulation,

—  Hot water temperature of pipes,

— Ambient temperature around pipes (temperature of external environment, unheated space,
earthen channel).

The reached energy saving was not displayed in the operation costs of DHW system. Vice-versa the
operation costs of 2" variant are higher by 8 %. This fact is given by electricity price in Slovakia that is
used to cover distribution thermal losses in 2™ variant. The important is the distribution thermal losses
sharein energy need of DHW system. For general analyseit is heeded to consider the investments costs of
DHW distribution system in object too. The investment costs for 2™ variant are 1.5 times higher than for
1% variant. The increase of investment costs is dependent on material of piping system and on system of
electric heat cables.

In case that al energy requirements of DHW system (both variants) are covered by eectricity the
operation costs of 2™ variant would be reduced by 10 % at average.
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