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The use of a system with a geothermal ground source heat pump,
regardless of the relatively low temperature of the available source of
geothermal energy (water or ground temperature does not need to exceed
12°C), allows 50-80% of the energy required for heating to be taken from
the ground, while the remaining amount is provided by electrical energy.
This share of geothermal energy, in the total energy required for heating,
primarily depends on the system of its further distribution (radiator system,
fan coil heating system or wall and floor heating), and secondarily on
water and ground temperature. The paper deals with the comparative
analysis of thermal efficiency of two water central-heating systems with
radiators, a conventional high-temperature heating system with a boiler
(90°C/70°C) and a low-temperature heating system with a geothermal
ground source heat pump (65°C/55°C, 55°C/45°C or 50°C/45°C).
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1.INTRODUCTION

In the middle of the last century, in western Europe, as
well as in our country, the process of substitution began,
that is, the process of switching from, at the time, high
temperature regime (120°C/100°C or 110°C/100°C ) —
the so called steam central-heating system, to at the
time, low temperature regime (90°C/70°C) — the hot
water central-heating system with radiators. Although
the switch from one to the other heating regime can be
interpreted in terms of technical-technological, hygienic
aspects or the aspects of comfort, which stands out as
the most significant reason is the increase in the
energetic efficiency of the new heating regime. Namely,
during the “production” of heating energy, that is, the
heat transfer from the heat source (combustion product
or an electric heater) to the heated fluid (water), during
its passage through the boiler, the total heat transfer, and
accordingly, the degree of the boiler’s efficiency are
directly correlated with the maximum temperature
which the heated fluid can reach. The lower this
temperature is, the higher the degree of the boiler’s
efficiency can be, that is, the whole process of heat
transfer can be performed with lower energy “losses."
At the same time, the energy saving during the transport
of the now heating fluid from the boiler to users cannot
be neglected. In this case also, the heating energy
“losses,” that is, the dissipation of heating energy
proportionally decreases with the decrease in the
temperature of the heating fluid.

With time, steam heating systems became almost
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completely substituted by hot water heating systems
(90°C/70°C), which thereby became standard systems
of central heating in buildings. In order to confirm this
claim, standards, starting with DIN 4701, from 1959,
DIN 4701 from 1983, to DIN 4701 from 1989, in which
the procedures for the examination of heat transfer from
different heating bodies that function in a “standard
regime” (90/70/20°C) are stated, can be quoted.
Furthermore, in the same standards, the data regarding
heat transfers from different heating bodies, exactly or
the regime (90/70/20°C ) are presented.

Due to similar reasons, as it had previously been
done with steam heating systems, that is, with the
purpose of increasing efficiency and saving energy, in
western European countries, at the beginning of the 90-
ies, there was a new switch, this time from the old
“high-temperature” heating regime (90°C/70°C), to the
"new” low temperature heating regime ( 75°C/65°C). In
the standards, actually, this time, in the European norms
[1], the procedures for the examination of heat transfers
from different heating bodies, as well as the data
regarding heat transfers from different heating bodies,
for the new heating regime ( 75/65/20°C ) are presented.

The possibilities of switching onto the new low
temperature heating regime, besides the neglectable
increase in thermal efficiency of the radiator, lie mostly
in better thermal insulation of buildings and installation
of the doors and windows of better quality, which
provides lower transmission and infiltration “losses” in
a building, on one hand, and in significant climatic
changes in the second half of the last century. Both
reasons led to a decrease in the heating load of a
building, which have now also become limited by
corresponding standards and norms.

On the other hand, the intensive development of heat
pumps, in the last couple of years, which is mostly
reflected in the achieved high temperatures of water as a
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heating fluid (up to 65°C), with a still high
performance coefficient (COP), has enabled their use in
central hydronic heating systems with radiators.
Namely, even though theoretical basics of the operation
of heat pumps were known as early as in 19" century,
and the first pump was already constructed in 1920, it
was not until the beginning of the 70-ies of the last
century, with the occurrence of the first energy crisis,
that energetically efficient heating systems started being
used and the intensive work on the improvement of the
pump’s energetic characteristics began. It was then that
the first serious attempts at constructing hydronic
heating systems with radiators and a heat pump began.
Nevertheless, unacceptably big radiator heating surface,
on one hand, and the reduction of the performance
coefficient while using the outside air as a heat source,
on the other hand, exactly when the need for heating
energy was the highest, have postponed this kind of its
use for a while.

In the meantime, the adoption of strict ecological
requirements in the 90-ies of the last century, led not
only to the withdrawal of the use of the then “standard”
working fluids, but also to the development and
appearance of their completely new kinds. In terms of
both ecological and thermodynamic criteria, significant
improvements were brought by new freons. The so
called phenomenon of the “gliding temperature,” that is,
an increase in freon temperature during its isobaric
evaporation, and the decrease in its temperature during
the process of isobaric condensation, provide the
conditions for the increase of COP, as well as for the
significant increase in the “final” temperature of
evaporation.

At about the same time, the solution to the other
problem in the use of the heat pump — the reduction of
COP, in the periods in which the need for heating
energy was the highest, was being worked on. The
solution to this problem was found in the use of ground
as a heat source, since, unlike air, ground has almost
constant temperature throughout the entire heating
season, especially if heat exchangers buried in the
ground are properly dimensioned. Moreover, due to the
new technologies of the production of plastic pipes, the
problems concerning the solidity and durability of the
aforementioned exchangers were solved.

In the last couple of years, there have been also
technical improvements of the heat pumps themselves.
Firstly, a Belgium company Copelad managed to
produce in practice a scroll compressor, and then the
Swiss Federal Institute of Technology of Lausanne —
EPFL together with the leading French electric power
distributor “Electricité de France” - (EDF) managed to
develop a new version of the refrigerator cycle with
Enhanced Vapor Injection, (the so called EVI system)
and thereby to create carry out quasi-two-stage
compression refrigeration systems. In that way, an
additional increase in CPO of the heat pump was
accomplished, which brought the heat pump closer to its
use in hydronic heating systems with radiators.

Finally, even after all these improvements, the
following questions have to be raised: How big would
the necessary alterations of the existing hydronic
heating system with radiators have to be in order to
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switch from the classic — high temperature system with
a boiler (90/70/20°C) to the low temperature,
energetically more efficient heating system with a heat
pump and how big a decrease in the energy need would
actually be accomplished by their use?

2. THE REQUIRED ENLARGMENT OF RADIATOR
SURFACES

With the aim of finding answers to the previously posed
questions, two analyses were carried out. The first one
referred to determining the necessary enlargement of
radiator surfaces when switching from high temperature
(90°C/70°C) to low temperature heating systems with a
heat pump (65°C/55°C, 55°C/45°C and 50°C/45°C),
whereas the other was dedicated to determining total
heating output of three different heat pumps
(65°C/55°C, 55°C/45°C and 50°C/45°C), which they
would have been able to achieve if they had been used
in three previous heating seasons.

As a part of the first analysis, for the determined
model room — one of the rooms of the Thermodynamics
Laboratory at the Faculty of Mechanical Engineering in
Belgrade, firstly the need in heating consumption was
calculated — for all the outside air temperatures that can
occur throughout a heating season (from — 18°C to
20°C). Then, for the outside project conditions for
Belgrade, for the case of the “standard” high
temperature heating regime (90°C/70°C), by using a
standard thermo-technical calculation the required
number of ribs of the suitable hydronic heating system
with radiators was determined. Afterwards, based on the
formulas that define the change of heat transfer rate
from the surface of the radiator - in the conditions
different from normal [5]:
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the change of the effective heat transfer coefficient in
the function of the logarithmic mean temperature
difference between the heating fluid and the inside air
was determined (for the radiators of type Global - VOX
600, it is shown in Figure 1).

Afterwards, according to the formula:

D =4 het -AYy, 3)

heat transfers rate were also determined, that would
appear in the previously defined system, but this time
with changed temperature regimes. Three customary
temperature regimes were considered in this analysis
(65°C/55°C, 55°C/45°C  and 50°C/45°C) that
correspond to the operating regimes of three
commercial heat pumps, two Viessmann pumps
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(WWH-110 Vitocal 350, WW-104 Vitocal 300) and one
CIAT pump (Aurelia Ila 20Z). While determining heat
transfers, it was assumed that the value of the heat
characteristics of the radiator — exponent n =1.33 does
not change with the change of the size of the radiator
surface. The value of the exponent was determined by
the measurements, performed at the Faculty of
Mechanical Engineering in Belgrade. The enlargement
of the radiator surface in terms of percentages, reduced
to the radiator surface in the high temperature heating
regime, is shown in Fig. 2.
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Figure 1. The change of the effective heat transfer
coefficient from the surface of the radiator Global-VOX 600
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Figure 2. The enlargement of the radiator surface in terms
of percentages, reduced to the radiator surface in the high
temperature heating regime, depending on the outside air
temperature

Heat pump
Electric boiler

Figure 3. Schematic representation of the combined
hydronic heating system with radiators, an electric boiler
and a geothermal ground source heat pump
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In the graph in Figure 2, it can be noticed that
depending on the heating regime (65°C/55°C,
55°C/45°C, or 50°C/45°C) for fulfilling 100% of the
needs for heating energy, or for the outside project
temperature of —18°C, the radiator heating surface
would have to be enlarged for 64%, 140% or 170%.
Except in case of the low temperature heating regime
65°C/55°C, such big enlargements of radiator surfaces
are unacceptable, since it is not physically possible to
provide so much space to place them.

On the other hand, if a so called combined heating
system is applied (one of the possible structures of the
combined hydronic heating systems include radiators,
an electric boiler, and a geothermal ground source heat
pump is schematically shown in Figure 3), it is possible
to achieve significant decrease in the need for energy,
even without the change of the size of radiator surfaces.
Such a heating system would be used if, up to the
moderately low temperatures of the outside air and up to
the limit that radiators “allow,” the need for heating
energy was met solely by the heat pump. In extremely
low outside temperatures, when a low temperature
heating system cannot provide the required heat transfer
anymore, the heat pump is turned off, and the system
switches to the high temperature operating regime with
an electric boiler.

3. DETERMINING THE HEAT OUTPUT OF HEAT
PUMPS

With the purpose of becoming acquainted with the
possibilities of reducing the need for energy, which is
possible if the combined heating system is used, as well
as, with the influence of the enlargement of heating
surfaces on that reduction, the case of heating a model
room with such a system has been analyzed. The
analysis was carried out for the period of the last three
heating seasons (2004/05, 2005/06 and 2006/07), during
which the outside air temperatures were measured
hourly (Figure 4). Based on the measured data and the
calculated numbers of degree-days, the distribution of
the consumed invested heating energy was determined,
depending on the outside air temperature. Part of the
obtained results, the cumulative distribution of the
outside air temperature in Belgrade, is shown in Figure
5, and a somewhat clearer graphic presentation of the
distribution of the potentially consumed heating energy
is shown in Figures 6 and 7. It can easily be seen in
these figures that during the last three heating seasons,
less than 10% of heating energy was consumed when
the outside air temperatures were lower than —6°C, and
less than 6% of heating energy when the outside air
temperatures were lower than —8°C .

If the obtained results are viewed from the aspects of
the required radiator enlargement, for achieving the
needed heat output in low temperature heating systems
(Figure 2), what follows is that for fulfilling the 90% of
the needs for heating energy, or up to the outside project
temperature of —6 °C, the required, as well as, acceptable
radiator surface enlargement is that of 13%, 65% or
72%. What should be kept in mind is that the value of
the outside project air temperature of —6°C is very
close to the possible “new” values of the outside project
air temperature [1,5].
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Figure 4. The changes of the outside air temperature in
Belgrade, in the heating season 2004/05, 2005/06, 2006/07

Required energy [%]

100%

80%

60%

40%

20%

0%

[ (95.26% —100.00% ——

2004/05 2005/06 2006/07

O Heat pump W Electric boiler

Figure 6. Distribution of the required energy provided by

w
o

NN
o o

-
[

-
o

//

Outside air temperature [°C]

Ny
=1

NN,
g O O O O
1

/
l

Belgrade, Oct.15,2004 - Apr.15,2005

o

20 40 60 80 100 120 140 160 180
Number of day in heating season

Outside air temperature [°C]

Belgrade, Oct.15,2005 - Apr.15,2006 ‘

20 40 60 80 100 120 140 160 180
Number of day in heating season

—

Outside air temperature ['C]
(9]

-

Belgrade, Oct.15,2006 - Apr.15,2007

=

20 40 60 80 100 120 140
Number of day in heating season

160 180

Figure 5. Cumulative distribution of the outside air
temperature in Belgrade, in the heating season 2004/05,
2005/06, 2006/07
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the heat pump and the electric boiler, if radiators are
dimensioned for the outside project temperature of - 8°C
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heat pump and the electric boiler, if

radiators are

dimensioned for the outside project temperature of - 6°C

FME Transactions



100
Heating season
2004/05.
80
o b ——s
R —a__
— —
> 60 e
.g '\.\\
» '8,
= 40 \
<
g —m—WWH 110 Vitocal 350 A\
w99 —A— Aurea lla 202 \.
—e— WW 104 Vitocal 300 AN
I\|

0
-18-16-14-12-10 -8 6 4 -2 0 2 4 6 8

Outside air temperature [ °C ]

80 Heating season ||
2005/06.

,7‘7‘_‘\‘\‘
e, —a__

< 60 T

i A

o L |

£

s LY

® 40 n

>

< —u— WWH-110 Vitocal 350 \\

2 20 —A— Aurea lla 20Z - CIAT

w || —e—WW-104 Vitocal 300 \‘\
N

0
18-16-14-12-10 -8 6 -4 2 0 2 4 6 8

Outside air temperature [°C ]

100
Heating season
2006/07.

80
- bbby
R \l\:\\‘
S 60+ = \
g A
£ ‘\
3 )
- 40 —u— WWH-110 Vitocal 350 \
% —A— Aurea lla 20Z - CIAT
c —eo— WW-104 Vitocal 300
w20

O T T T T T T

18-16-14-12-10 8 6 -4 2 0 2 4 6 8

Outside air temperature [°C ]

Figure 8. Energy saving with the use of hydronic heating
system with radiators and geothermal ground source heat
pump combined with an electric boiler

Finally, depending on the size of radiator surfaces,
and the outside air temperature values up to which
radiators can perform the function of heating, the
amounts of the energy that could be “saved” by the use
of such a combined heating system were also calculated.
The analysis was performed for the use of two
Wiessmann heat pumps - WWH-110, VITOCAL 350
and WW-104 VITOCAL 300 and one CIAT AUREA
ILA 20Z heat pump. The data from the manufacturers’
catalogues were used for the calculation (for WWH-
110, VITOCAL 350, performance coefficient
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was COP =2.83, for the heat source temperature of
8°C and for the heating regime 65°C/55°C; for WW-
104 VITOCAL 300, performance -coefficient was
COP =3.23, for the heat source temperature of 8°C
and for the heating regime 55°C/45°C while for the
CIAT pump, AUREA Ila 20Z, performance coefficient
was COP =3.287, for the heat source temperature of
8°C and for the heating regime 50°C/45°C). The
obtained results for three analyzed heating seasons are
shown in Figure 8.

By the analysis of the graph, it can be concluded that
proportionally the biggest energy ‘“savings” can be
achieved by the enlargement of radiator surfaces to the
sizes that enable the required heat transfer with the
outside air temperature of —-6°C. The achieved
“savings,” depending on the heating season and the type
of heating regime, vary in the interval from 50% to
70%. With further enlargement of the radiator surfaces,
the increase in the energy saving is almost neglectable.

4. CONCLUSION

With the purpose of reducing the need for energy, it is
desirable to switch from the customary high temperature
hydronic central-heating system with radiators to the
combined, energetically by far more efficient hydronic
heating system with a geothermal ground source heat
pump. At the same time, proportionally the biggest
energy savings can be achieved by the enlargement of
radiator surfaces to the sizes that, in the low temperature
operational regime, provide the required heat transfer
with the outside air temperature of —6°C. Depending on
the heating regime that a particular heat pump can
achieve (65°C/55°C, 55°C/45°C or 50°C/45°C), the
necessary enlargements of the existing heating system
with radiators should be 13%, 65%, or 72%. The
achieved energy “savings,” for the territory of the city
of Belgrade, depending on the heating season and the
type of the heating regime, vary in the interval from
50% to 70%. With further enlargement of the radiator
surfaces, the increase in the energy saving is relatively
small.

Furthermore, it should be kept in mind that the
stated percentages of the enlargement of radiator
surfaces were calculated without taking into account the
possibility of decreasing the needs for heating energy
that can be achieved by the passive measures of energy
saving — by the better insulation of the building (thermal
insulation of the walls, roof, replacing doors and
windows etc.) Such analysis, which encompasses both
kinds of measures, is planned for the future period.
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HEHTPAJIHA HUCKOTEMIIEPATYPHH
I'PEJHH CUCTEM CA TOIINIOTHOM
IIYMIIOM 1 3EMJbOM KAO U3BOPOM
EHEPTHJE

Musomt Bawau, Borocas Bacussesuh, Musan I'ojak

VYmorpeda rpejHOr cHCTeMa C TOIUIOTHOM ITyMIIOM H
3eMJBOM Kao H3BOPOM eHepruje, 0e3 o03upa Ha
pETaTHBHO  HHUCKY  TEMIIEpaTypy  pacHoJIOKHBOT
,»A3BOpa” TeoTepMaliHe eHepruje (Temmeparypa Boje
WK Tia He Mopa Outu Buma ox 12°C), omoryhasa nma
ce 50-80% enepruje moTpedHe 3a Irpejambe Mpey3Me Of
3eMJbe, a Ja Ce OCTaTaK HaJOMEINTaBa CICKTPHYHOM
eHeprujom. OBaj yaeo TreoTepMmaliHe €HEpruje, y
YKYITHOj €HEepTuju MOTpeOHO] 3a rpejarme, 3aBUCU Mpe
cBera Ol CHCTEMa HheHE Jlajhe pacrnojese (paanujaTopcKu
CHCTEM, CHCTEM Tpejara moMohy (aHIonI-a Wik 3UAHO
Y TIOJIHO TPejambe), a TeK MOTOM U Off TEMIIEPType BOJIE,
OMHOCHO Tina. Y paay je JaTa yHopenHa aHailn3a
TepMHYKe e(UKACHOCTH JBa CHCTEMa [EHTApIHOT
rpejamba ca paaujaTopuMa Kao TIPEJHUM TeluMa,
BUCOKOTEMIIEPTYPHOT KOTJIIOBCKOI CHCTeMa TIpejamba
(90°C/70°C) w® HHCKOTEMIIEPAaTypHOT CHCTeMa ca
TOIUIOTHOM IIyMIIOM U 3€MJBOM Kao H3BOPOM €Hepruje
(65°C/55°C, 55°C/45°C mmm 50°C/45°C).

FME Transactions



