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ABSTRACT

Economical system application of heat supply with using solar collectors in combination
with heat pump is not only a question of return of investment. It is also the question of
priorities, life style and ecology.

Many methods, studies and tables with presented data about energy consumptions for
various ways of heating to determinate return of investment.

Basic condition of economical advantageousness of heat pump utilization instead of
classic way of heat production in term of total year costs is that those are lower than
total year costs for comparative classic way of heat production. Because difference in
investment costs of comparative heating systems and heat pumps is almost always in
the disadvantage of heat pump system.

INTRODUCTION

Application of efficient system of heat supply using the solar collectors in combination



with the heat pump is not only a question of return
of investment. It is also the question of priorities, life
style and ecology. There are several methods, stud-
ies and tables with presented data about energy
consumptions for various ways of heating to deter-
mine the return of investment.

The basic condition of economical efficiency of heat
pump utilization instead of classic way of heat pro-
duction in terms of total annual costs is the fact that
these are lower than total annual costs for the classic
way of heat production. Because the difference in
investment costs of compared heating systems and
heat pumps is almost always in the disadvantage of
heat pump system [1].

Simplified return of investment without using loan
can be calculated as follows:

N = N year (1)
Npr

where: N - return of investment in years, (y), N..- total

investment costs, (€y), Npr - total operation costs,

€y’).

Investment costs for solar collector system and
earth-water heat pump system without accessories
and montage are shown in Table 1.

Num- Price wi- Price with
0,
"?:::l“ berof thout VAT "AI;)”' VAT
pieces (€)/pc (€)
Solar col-
lectors KTU 3 975,323 185,31 3481,9
9R2
Accu-
mulation
reservoir 1 1719,546 | 326,71 2046,3
DUOV
750/200
Storage
reservoir 1 792,106 150,50 9426
PS2F 300
HP VI-
TOCAL 350 1 9827,922 | 1867,305 | 11695,2
BWH 110
Sum 18166,0

Tab. 1 List of investment costs for alternative system
of heat production
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If we add to the price of drilled holes in the com-
pact soil which is from 66 €/m to 100 €/m in de-
pendence on applied drilling set to the mentioned
costs, so at price of 76,35 €/m for two 88 m deep
drilled holes we will get the total sum of invest-
ment costs: N, =31603,6 €y,

The operational costs are defined as follows:

Nor = Npe + Npe (€.7) (2)

where: N " - annual energy costs for compressor HP
cycle, (€y7), Npe" - annual fuel costs of gas condens-
ing boiler, (€.y).

Annual energy costs for compressor HP cycle with
compressor driven by electromotor is defined as fol-
lows [3], [4]:

vE-a( L) (er) 3)

where: N_'- annual energy costs for compressor HP
cycle, (€ y-1), ¢, - price of electric energy, c,= 0,0853
€.kWh, va/ldsmcel 1.2010,Q-annual heatsupply
by heat pump, (kWh.y), - heating factor, ¢ = 2,59.

Mentioned price of electric energy (c) per1 kWh for
heat pump operating 20 hours a day but supplying
the heat for 24 hours at low tariff of 0,0853 € (VAT
included).

Another item for annual costs calculation is the fuel
costs of gas condensing boiler.

N = —2— 0 (er) (4)
77k»Qn

where: <- NG price, cp = 0,0422 €/kWh (VAT includ-
ed), valid since 1.1.2010, Q," - annual heat supply
by gas heating, (kWh.y'), m, - boiler efficiency, 1,
= 1,09 Q- fuel net caloric value (natural gas), Q=
34,259 MJ.m? (9,52 kWh.m?).

Since from major part HW heating is realized by
solar collectors it is necessary to add also the heat
produced by solar system to the total heat supply
(51,[7].

Qsk - annual profit of vacuum tube solar collectors,
Qsk =611 kWh.m2.y"’

After that for the 3 above-mentioned collectors is:
Qsk = 3 940,95 kWh.y'
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Heating and HW supply costs can be determined
from year heat consumption which includes heat
need for heating and HW preparation [6]. Its value is
determined as follows:

Q= 112,622 Gl.y" =31293,792 kWh.y’
From that:
Q,,, =99,372Gly" =27 603,33 kiWh.y"

4

Q,,,=13,296).y" =3 690,462 kWh.y"

ch/,r = OrTC + st + QrX (kWhyi>

(5)
Where: Qm,,— annual heat need, (kWh.y’), Q'“ - an-
nual heat supply by heat pump, (kWh.y™'), Q, -an-
nual probit of vacuum tube solar collectors, Q,=3
940,95 kWh.y"', Q* - annual heat supply by gas heat-

ing, (kWh.y").

Then
QrX = chbr’(QSk+QrTC) (kWhy7)

QF = £.Q 240 e =
ti-te
= 0,765.(13,2. 7,2)20.272(@) _
22+ 15

= 26522,5 kWhy''
QF = 31293,792 - (3940, 95 + 26522,5) =
= 830,342 kWhy''

Then annual energy costs for compressor HP cycle
are:

=873,50€ .y

Npe = 0, 0853(—26522'5 )

(8)

To obtain final heat pump energy costs is neces-
sary to add fixed rate in the amount of 9,76 € per
month, i.e. 117,12 € per year (VAT included) to the
year HP costs. With this final costs for heat pump
will increase to 990,62 €.y,

Fuel costs for heat supply with the gas condensing
boiler are:

NG = 2092210950 039 34 = 35 63€
1,09.9,52

(9)

Fixed rate (which is 4,925 € per month (VAT in-
cluded) what is 59,1 € per year) is necessary to be
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added to these costs. Then final fuel costs are in
the amount of 94,73 €.y".

Total operational costs are defined as follows:

Npr= 1085,35€.y".

(10)

Using cost values determined above can be the re-
turn of investments calculated with the following
equation:

Ny = 990,62 + 94,73 = 108535 €.y’

N = 316036 _ 29,12 years
1085, 35

(12)

Fuel saving calculation can be performed by the
comparison of recently used heat production form
i.e. gas boiler providing heating and electrically
heated water for HW preparation and a new alter-
native - combination of heat pump, solar collec-
tors and back-up gas condensing boiler. Fuel costs
for heat supplying by gas condensing boiler are:

Cp

(12)

where: - NG price, cp = 0,0403 €/kWh (VAT includ-
ed), valid since 1.1.2010, er - annual heat supply
by gas heating, (kWh.y'), m,, - boiler efficiency, m,,
=1,09 Q- fuel net caloric value (natural gas), Q=
34,259 MJ.m? (9,52 kWh.m?3), Nm‘I - annual NG costs
at heat supply by gas condensing boiler, (€.y”).

Npe = QF (€.r’7)

7]Pk .Qn .

Ny, = 2220310350 57655 33— 130,98 €

1,099 52
After adding the fixed rate of 7,667 € (VAT includ-
ed) ie. 92 €y' the annual fuel costs will increase
t01222,98 €.y,
Energy costs for HW heating by using electric en-

ergy [9]:

El
NE = ¢, <Qr>
el

where: Npe"- annual energy costs for HW heating by
using electric energy, (€.y”), ¢ - price of electric cur-
rent, ¢, = 0,1126 €kWh, valid since 1.1.2010, Q*
- annual heat supply for HW heating, (kWh.y), My -
efficiency of HW heating appliance, Ny = 0,99.

(13)



= 41974 €.y

Npe = 0, 7726<73690’462>

Fixed rate in this case is 6,78 € (VAT included) i.e.
83,36 €y, Annual costs of electric energy will be
501,1€.y".

Final operational costs for resently used system:

Npe = Nje + Npe (Sky") (14)
Nie = 1222,98 + 501,1 = 1724,08 Sky '

Fuel and energy costs saving is determined as fol-
lows:

U= Npe-Npr (Sky”) (15)

where: u- annual saving of operational costs with us-
ing new heat production alternative in comparison
with resently used system, (Sk.y™'), Np!s - final opera-
tional costs for presently used system of heat pro-
duction, (Sk.y™), Npr - final operational costs of new
heat production alternative, (Sk.y™').

u=1724,08-108535 = 638,72 €.y77

From above-mentioned calculations can be shown
that in consequence of high investment costs the
return of investment of designed heat supply alter-
native is relatively high [10].

Itis necessary to take into account also fuel and en-
ergy savings per year with the systems what in con-
version means the value of 38 %.

Next, with taking into account always increasing
prices of input energies it can be stated that eco-
nomical benefit from using RSE will constantly raise
and fuel and energy savings will proportionally raise
[111.

Slovakia has great potential for alternative sources
of energy utilization such as solar collectors and
heat pumps. Thereby can be saved the primary en-
ergy sources and related economical savings and
at the same time can be decreased of ecologically
adverse effects in comparison with other ways of
heat production.

However, finally there is a fact that the height of in-
vestment costs does not permit the application of
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above-mentioned systems for most of users [12].
The solution for this problem can come from the site
of the state by supporting the investment projects
focusing on RSE utilisation.

This contribution was made by VEGA agency sup-
port, the project No. 1/0421/09.

[1] Petrds, D. a kolektiv: Nizkoteplotné vykurovanie
a obnovitelné zdroje energie, Jaga group
Bratislava, 2001

[2] Termosolar: Solarne systémy Heliostar. Navod
na projektovanie, montaz, obsluhu a udrzbu.
Ziar nad Hronom, 2003

[3] Buderus: Projek¢né a instalacné podklady pre
tepelné Cerpadla. Bratislava, 2008

[4] Viessmann: Vitocal 300/350. List technickych
Udaju. Chrastany, 2006

[5] Zeravnik, A: Stavime tepelné cerpadlo. Pierov:
EURO-PRINT spol.s. 1. 0., 2003

[6] Schulz H.:Teplo ze slunce a zemé. Ostrava: HEL,
1999

[7]1 Viessmann: Vitocal 300/350.List technickych
Udaju. Chrastany, 2006

[8] Bielek, M., Adamson, B.: Parametric Study of a
Siemplified Two-Storey House in Czechoslovak
Climate. In: REPORT BLK32 LUND, Lund institute
of Technology, 1986

[9] Horbaj, P: Moznosti vyuzitia solarnych zariadeni
pre ohrev TUV v mestskej zastavbe sidliska KVP
a Tahanovce, In: AMS 2005, ro¢nik 10, pp. 353-
357

[10] Rybar, P; Rybdr, R; Taus, P: Alternativne zdroje
energie. TU FBERG Kosice, 2001

[11] Jandacka, J.; Malcho, M.; Mikulik,M.: Biomasa ako
zdroj energie. ESTU v Ziline, 2008

[12] Taus, P a kol.: Potencidl obnovitelnych zdrojov
energie na Slovensku z hladiska vyroby elek-
trickej energie. Acta Montanistica Slovaca roc.
10, ¢.1 (2005), pp. 317-326

[13] Kvocak, V. Vyuzivanie experimentov pri
navrhovani nosnych kovovycg konstrukcif. In:
Konstrukce. Vol.4, No.2 (2005) pp. 317-326

79



