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THE UNIT COST OF HOT WATER PREPARATION

Summary

On the basis of technical and economic analysisuthie costs of hot water preparation were calcuthfer single family
homes and multiplex houses, assuming the numhmogfie from 2 to 40 at three different options of Wwater consump-
tion: 35, 45, 55 difper capita. The comparative analysis used two audation systems for hot water preparation, i.e. a
set of solar panels and a system using a gas-fimiér. Conducted calculations have indicated tiistesm using gas-fired
boiler as the one, which in view of the assumegdd-operating period reveals the best economiatdrs, i.e. the costs
of hot water preparation will be the lowest.
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KOSZTY JEDNOSTKOWE PRZYGOTOWANIA CIEPLEJ WODY U ZYTKOWEJ
Streszczenie

Na podstawie analizy techniczno-ekonomicznej ainiczkoszty jednostkowe przygotowania cieptej wagykowej dla
doméw jednorodzinnych oraz wielorodzinnych, zakadléiczley oséb od 2 do 40 przy trzech wariantachyzia cieptej
wody: 35, 45, 55 difos. Do analizy poréwnawczej przig dwa zasobnikowe systemy przygotowania cieptdjweytko-
wej, tj. system solarny oraz wykorzygtyj podgrzewacz gazowy. W wyniku przeprowadzonylatzebwskazano na sys-
tem, ktory w perspektywie zadmego 15-letniego okresu eksploatacji cechuensjlepszymi wskaikami ekonomicznymi
a wiec koszty przygotowania cieptej wodiytkowej ledg najnizsze - jest nim system wykorzygtyj gazowy podgrzewacz
pojemndgciowy.

Stowa kluczowekoszt przygotowania cieptej wodgytkowej, kolektory stoneczne, gazowy podgrzewaenpaciowy

1. Introduction three options of hot water consumption: 35,45 aBidi&?
per capita.
In the climatic conditions in Poland, a househctuh- The comparative analysis comprised a flat platarso
sumer most frequently uses energy to meet fourggner collector set and a gas-fired boiler.
needs: heating and ventilation, preparation of lesiot The scope of the work covers calculations of poseer

water (u.h.w), cooking meals and feeding all eleatrde- ~Mand for preparing u.h.w, selection of the contaiselec-
vices. At the design (or modernization) stage traywn  tion of the area and number of solar collectorsnmating
which energy will be supplied to the building mbst de- annual consumption of final energy and estimatiérine
termined, i.e. one must decide which energy somateri- vestment and operational costs. These providedsis bar
als and devices generating energy from these smurc@conomic analysis using life cycle costs analygibich
should be used to Satisfy each energy demand ofdhe served to determine the unit costs of usable hdxflwa'ep—
sumer [1, 9]. aration. For solar panel systems also the degreghtch
Although usable hot water supply to a house issadr the annual demand for heat will be satisfied (u)lbwthe
economic problem than central heating, still wheopprly ~ installation was determined.
solved will greatly affect the inhabitants’ qualitf life.
The choice of a fuel or energy source material thidll 2. Results of calculations and analysis
power the usable water heating system is one ofrtbst
important decisions made by the investor, becaesealm
choose among several options which use both rerewa
and non-renewable energy sources. The basic oriteon-
ditioning the installation of an individual heatisgstem in
a building is economic calculation. In practice,e&gy
analysis cannot be an agent determining the sefeaf
heat source. A potential user should evaluate teathnical
and economic aspects of each considered system
choose the one which in the perspective of thd tgtarat-
ing period will prove the most advantageous [2].

The power of the device for u.h.w preparationhi@ ac-
bcumulation system was calculated according to thiésH
standard PN-92/B-01706 [5], whereas the contain&rme
acc. to [6], and the results were compiled in Tdbl&leet-
ing annual demand for heat for hot water prepandtip so-
lar panel installation (for Krakow), calculated ngpi
KOLEKTOREK 2.0 computer programme, is between 53
af d 62% depending on the assumed option. The pHrér
of energy will be supplied by electric heaters afistl in
the containers (which is the solution usually aggblin this
type of heating systems).

The aim of the paper was a technical and economic The number of solar collectors depends on the eumb
analysis of two accumulation systems for usablevwater  of users, i.e. a family of four living in a sing@mily house,
(u.h.w) preparation in single family homes and ipléx  at an average hot water consumption of betweer53dnd
houses, assuming the number of between 2 and 48 ase would need two collectors and a container coopagatiith
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the installation of the minimum volume of 226 Him mul-
tiplex houses the number of collectors increasesyisen
water is supplied to 40 users the installation #&hcue
composed of 20 collectors and the hot water coetain
should have the volume of at least 1035 .dapplication of
the system using gas-fired heating device instatieal sin-
gle family home should base on a boiler with a powfe
c.a.3kW cooperating with a c.a.160 Himot water con-
tainer. In a multiplex house, the power of heatifayice
preparing water for 40 users should be about 28k@&/the
minimum volume of accumulation container 740°dm
Annual consumption of final enerdpE for the analyzed
usable water heating systems was calculated acgptdi
the Decree of the Minister of Infrastructure dafetil.2008
on the methodology of computing energy performaofca
building, Journal of Laws, N0.201, item 1240 [8heTeffi-
ciency of generating, transfer and accumulation o@s-
puted on the basis of dependencies [7, 8], the atatipns

Table 1. Calculation of results for various options

considered also energy consumption by accessorgeigv
such as circulator pumps cooperating with the sptarel
system and also devices for usable hot water bligtan in
the building and the buffer tank loading pumps. uResof
the computations for the system based on solaeatoll
system were presented in Figure 1, whereas foffiggb-
water boiler in Figure 2.

Final energy consumption when solar panel sesélu
fluctuates, depending on the assumed variant ofmeain-
sumption, from c.a.10GJ/year (for two consumers) to
c.a.110GJ/year at 35 dfpersorand 170 at 55 dffperson
(at forty consumers).

If a system based on a gas-fired boiler is appliecl
energy consumption changes depending on the water ¢
sumption from c.a. 12GJ/year (for two consumersg.to
120 at 35 driiperson to even 170GJ/year at 5&parson
(for forty users).

Number of collectors
[pcs.] Calculated vqlume of Calct_JIated power of Calculated volume of
Number of Area of col- u.h.w. container for gas-ﬁred_ heating de- Uh.w. container
users lectors [] u.h.w. con- | u.hw.con-| solar panel system vice
sum-ption sum-ption [dm? [kw] [dm’]
35; 45 55
[dm%pers.] | [dm®pers.]
2 2.09 1 2 140 1.7 100
4 4.19 2 3 226 3.3 162
6 6.28 3 4 298 4.8 213
8 8.37 4 5 362 6.3 258
10 10.47 5 6 420 7.7 300
12 12.56 6 7 475 9.2 339
14 14.66 7 8 525 10.6 375
16 16.75 8 9 575 12.0 410
18 18.84 9 10 620 134 443
20 20.94 10 11 664 14.8 475
22 23.03 11 12 700 16.2 500
24 25.12 12 13 747 17.6 534
26 27.22 13 14 786 18.9 560
28 29.31 14 15 825 20.3 590
30 31.41 15 16 862 21.6 615
32 33.50 16 17 897 229 641
34 35.59 17 18 933 24.3 666
36 37.69 18 19 968 25.6 690
38 39.78 19 20 1000 27.0 715
40 41.87 20 21 1035 28.3 740
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Fig. 1. The annual final energy demand for theaystvith solar collectors
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Fig. 2. The annual final energy demand for theesystvith gas-fired boilers

3. Economic estimation of usable hot water preparation Ke, o— annual costs of installation using (costs ofrgye
systems overhaul and repairs),
) o t — subsequent year of installation operation,
A choice of an individual system of usable hotevat re — energy price increase rate,

supply should be based on objective criteria. & é&dmmon j _ discount rate,
belief that an surplus of outcomes over the outlaysicha - 1...15 subsequent year of costs (n=assumed yéars o
criterion [2, 4]. The technical and economic anislys the installation life cycle),
compared systems was conducted basing on a life Cycek — annual final energy demand for u.h.w preparation
cost method (LCC) used to estimate the value df irea For the needs of estimating life Cyc|e costs af ¢om-
vestment. The method allows to determine total Shment pared System On|y the costs of purchasing andir@am]e
and operational costs of the system througholifétsycle:  installation Kp and operating costs were determined. The
LCC=Kp + ”Z:‘: Ke,o[{1+re)" [thous.PLN) 1) operating costs qomprise the costs of gas (2.2 mt)Nised

et (1+i)" by gas-fired boiler and electricity (0.65 PLN/kWhap-

sorbed by electric heaters and heating system smgede-

vices. Considered were also the outlays on sendoesg
the operating periodKe,o which are on average

For an objective comparison of the analysed systam
unit cost method was used and the following depecide

were SI(_EEC 180 PLN/year for gas-fired boiler or 150 PLN/year $olar
uUC =——=[PLN/GJ] (2)  panel set - for overhaul and exchange of “solddflevery

EK five years, plus the cost of fluid from 250 PLN r(# col-
where: _ o lectors) to 670 PLN (for 20 collectors). Table sk the
Kp — initial cost (the cost of purchasing and startine in-  jnjtial costsKp for the respective water heating systems
stallation), (u.h.w).

Table 2. Initial costs for individual systems oélblke hot water preparation

Number of u.h.w conssﬂﬁrp?i?:p [thouul EI\_NN]consumption Gas-fired boiler
consumers 35; 45 [dni/pers.] 55 [dn/pers.] Kp [thou. PLN]
2 4.8 5.9 5.6
4 5.9 7.1 5.6
6 7.7 8.8 6.5
8 9.2 10.2 6.9
10 10.2 11.3 7.7
12 125 13.6 10.1
14 13.6 14.7 10.1
16 15.5 16.6 11.7
18 16.6 17.7 11.7
20 18.9 20.0 13.1
22 20.0 21.1 13.4
24 21.4 22.5 13.7
26 23.7 24.8 13.4
28 24.8 25.9 13.4
30 25.8 26.9 16.1
32 26.9 28.0 16.1
34 29.4 304 21.7
36 31.7 32.8 21.7
38 32.8 33.9 21.8
40 33.9 35.0 21.8
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Due to the fact that the purchase of solar cailscts
supported by the State, the initial costs of spkanel sets
take into consideration the funds from the NatioRehd
for Environment Protection and Water Managemenston
tuting 14% of investment costs of these systems [3]

The cost of purchase and installation of solariset
single family house (for 4 persons) ranges frora 8 thou-
sand PLN and in the building where water would bp-s
plied to 20 consumers, the initial investment cbgiuld be
within 19-20 thou. PLN. The installation supplyihgt wa-
ter to 40 consumers would cost between 24 and 85-th
sand PLN. Initial costs for gas-fired boiler fosiagle fam-
ily house are from 5 to 20% lower than in case aérs
panel installation. The higher the number of uséhg
greater the difference in the initial costs betwdlem gas
and solar panel system. So, for 20 consumers fferatice
in the investment costs ranges from 30to 34%, vesefer
40 it is between 35 and 37%.

On the basis of LLC method total investment androp
ating costs of the analysed systems were deternfimed
their fifteen-year operating period. Results of toenputa-
tions for three options of u.h.w. consumption wegan-
piled in Table 3. LLC value for a single family temy de-
pending on the applied option, ranged from 22-38uth
PLN for the solar panel set and 21-26 thou.PLNg&® sys-
tem. For a multiplex house (40 users) the costsatédr
panel set are within the range from 142 to 207 tHRiLN,
whereas for gas-fired boiler they are between I#th &5
thou. PLN. In case of small installations the difece in
costs between the gas boiler and solar panel s&{1B%
for four consumers, whereas between 12-16% forat® ¢
sumers. It is due mainly to higher investment gutland
servicing costs for the solar panel installation.

The subsequent stage of comparative analysis\agol
calculation of unit costs of usable hot water prapan UC
for the system with the solar panel set and for-fiyad
boiler. The results were illustrated in Figuresnd 4.

Table 3. Comparison of life cycle costs for thelgsed heating systems

Solar panel set Gas-fired boiler
Number of LCC [thou. PLN LCC [thou. PLN]
consumers u.h.W._ con- u.h.w._ con- u.h.W._ con- u.h.w._ con- u.h.w._ con- u.h.w._ con-
sumption 35 sumption 45 sumption 55 sumption 35 sumption 45 sumption 55
[dm®/pers.] [dm’/pers.] [dm®/pers.] [dm’/pers.] [dm’/pers.] [dm’/pers.]
2 17.6 21.6 18.9 17.2 18.4 19.7
4 225 29.2 30.3 215 24.0 26.5
6 28.6 36.9 41.2 26.9 30.7 34.4
8 34.3 45.9 51.8 31.6 36.6 41.6
10 40.3 58.0 63.1 36.8 43.0 49.2
12 49.8 67.4 79.5 47.3 54.8 62.3
14 56.1 79.6 91.8 51.7 60.5 69.2
16 64.2 92.6 107.7 57.7 67.7 7.7
18 74.2 105.4 120.0 62.1 73.3 84.5
20 82.9 117.3 125.0 67.9 80.4 92.9
22 83.7 117.9 120.5 74.0 87.7 101.4
24 89.6 126.7 129.6 78.7 93.7 108.6
26 96.5 136.4 139.6 82.8 99.0 115.2
28 102.2 144.9 148.4 87.1 104.6 122.1
30 107.7 153.3 157.1 94.2 112.9 131.7
32 114.9 163.7 167.6 100.1 120.0 140.0
34 123.7 175.8 179.7 111.8 133.0 154.2
36 130.6 185.5 189.7 116.1 138.6 161.1
38 136.2 194.0 198.6 120.5 144.2 168.0
40 141.9 202.6 207.4 124.9 149.9 174.8
120
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Fig. 3. Unit costs of usable hot water preparatfonthe system with solar panel set
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Fig. 4. Unit costs of usable hot water preparatfonthe system using gas-fired boiler

The unit cost of u.h.w. preparation by solar pasedl

tem determined on the basis of LCC method are leatwié

depends on the number of users and therefore onmlithe and 25% lower than the water consumption for tistaila-

mension of the applied system. In single family kerit is
c.a. 110 PLN/GJ for two users and c.a. 100-105 BJINb6r
the households of four or six. The lowest unit s@se reg-
istered for houses inhabited by between 12 and sktsu
where u.h.w. preparation reaches c.a. 82-90 PLNF&4.
large installations, supplying water to 30-40 conets, the
unit costs are c.a. 90 PLN/GJ. [1]
Preparation of usable hot water by a system based

gas-fired boiler costs between 90-98PKN/GJ for ten-
sumers and 75-85 PLN/GJ in a building inhabitedfidyyr [
to six persons. The unit costs of u.h.w. prepanatiomul-
tiplex houses for 30-40 consumers is between 703]
75 PLN/GJ depending on the amount of used water. "

(5]

Parameters for the system of usable hot watelapatpn [6]
were selected for the assumed number of consunmets a
amount of hot water consumption, which allowed dtneate (7]
investment costs involved in its purchase and llasta in
single family and multiplex houses. Calculated comstion of
final energy for usable hot water preparation tier individual
variants provided a basis for estimating the opmratosts.
The data served to conduct economic analysis efclfcle
costs analysis (LLC), which during the assumed aijvey pe-
riod allowed to determine total investment and afienal
costs of the compared systems.

Analysis of the obtained results allows to indic#ite
option using gas-fired boiler as a better solutiban the
solar panel set. Unit costs of u.h.w. preparatanrtiis sys-

4. Conclusion

(8]

(9]
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tions supplying water to users in single family besi
whereas for the multiplex houses (30-40 users)differ-
ence is 16-22%.
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