Efficiency of Heat Pumps in
Real Operating Conditions

- Results of three Monitoring Campaigns in Germany

Since 2006 Fraunhofer ISE in Freiburg, Germany, has been
investigating electric heat pumps in single-family dwellings.
Within three projects nearly 250 air-to-water and brine-to-
water heat pumps system have been investigated under
real operating conditions in houses with various energetic
standards (from low-energy to un-retrofitted stock buildings

MAREK MIARA with high energy demand).
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Germany ’ I Yhe share of heating and domestic hot water production in residential

miara@ise.fraunhoferde buildings in Germany (representable for most European countries with
high heating demand) constitutes in average more than 75% of overall

energy consumption in residential buildings (Galvin 2010), (Graichen et al.
2012). Covering this demand in a possibly environmentally friendly way is thus
key to fulfilling the climatic goals on the national and international level. Heat
pumps is a technology which can meet this challenge (Hepbasli et al. 2009).
Furthermore, the higher its efficiency, the better can it be achieved. It is thus
crucial to have reliable data assessing the efficiency of heat pumps units under

' £A°N real operating conditions and to draw conclusions how to ensure the best possible
ANNY GUNTHER efficiency of the systems.
Dipl-Ing. (FH)

Characteristic of the projects

The project “Heat Pumps in Existing Buildings” includes heat pumps in older,
un-retrofitted buildings. All other projects have been performed predominantly
in newly built single-family dwellings. The average heated area of the buildings
in all projects is similar and amounts to approximately 190 m? (2 045 ft?). The
average heat demand for older buildings amounts to 120 kWh/(m?a), and for
newly built dwellings 70 kWh/(m?a).

ROBERT LANGNER Figure 1 shows the names of the performed projects with the number of inves-
Dipl-Ing. (FH) tigated units in each project.

Each project has been different financing and also the projects partner varied. At the
same time, all projects have been performed in a very similar way as to the method-
ology and measurement equipment used. More information about each project can

be found in (Miara et al. 2011).

Characteristics of heat sources of investigated heat

h N pumps units
SEBASTIAN HELMLING Figure 2 shows the division of heat sources of the analysed heat pumps for the
Dipl-Ing. individual projects.
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Figure 1. Performed projects with the number of investigated.
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Figure 2. Heat sources of the heat pump systems.
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In the project “HP in Existing Buildings” 71 units have
been analysed. The number of the ground and of the
outside air heat pumps examined was similar. Among
ground heat pumps the units with boreholes (26) outnum-
bered those with horizontal collectors (10). In the second
project (“HP Efficiency”), 77 units were examined. Most
of them were ground heat pumps (56); among them 41
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units with boreholes and 15 with horizontal collectors.
Air heat pumps constituted 23% (18 units). Additionally,
a small number of ground water heat pumps was inves-
tigated. The project “HP Monitor” was characterized
by the greatest variety of heat sources. In addition to air
and ground heat pumps, a small number of mixed and
combined heat sources has been included.



Information concerning the buildings and the heat

distribution systems, as well as buffer tanks is available
in (Miara 2009).

Outcomes of the Seasonal
Performance Factors (SPF)

System boundaries

Figure 3 shows the scheme of a typical heat pump instal-
lation and illustrates the system boundaries. There are
various possibilities to calculate the efficiency of a heat
pump system. The outcomes of efficiency calculations
presented in sections below based on the boundary
SPF 2, unless specified otherwise. The same calcula-
tion boundary was suggested as a main boundary for
presenting the efficiency outcomes of heat pump systems
in the European project SEPEMO-BUILD (Zottl and
Nordman 2012).

The SPF is the ratio of the heat energy produced by
the heat pump and the back-up heater and the corre-
sponding energy need of the heat pump, back-up heater
and source fans in case of the A/W heat pump, brine
pump in case of the B/W heat pump and well pump in
case of W/W heat pump.

Averages values of the SPF

Figure 4 shows average values of SPF values among indi-
vidual projects, as well as the individual heat sources.
The comparison takes into account outside air heat
pumps and ground coupled heat pumps. Ground water

...........................................

heat pumps were omitted due to a little number of the
examined installations. Calculation periods differ and
are indicated for each project.

The differences in the average SPF values depend on a
type of a heat source, type of a building and the period
of installation (indicating advancement of technology).
The difference between outside air heat pumps and
ground heat pumps is evident to the benefit of ground
heat pumps. The ground as a heat source is more benefi-
cial from the point of view of its temperature in coldest
periods with the most demand for heating.

Another important difference was noted between older
and newer buildings. It results mainly from a type of
the used heat distribution system. Under-floor systems,
mostly used in newer buildings, enable lower supply
temperatures compared to systems based on radiators in
older buildings. Lower supply temperatures contribute
significantly to higher efficiency of heat pumps.

In the framework of the “HP Monitor” project, a group
of newly installed units was investigated separately (on
the graph shown with the symbol * in black). The
outcomes from this group indicate the improvement
in the heat pump efficiency resulting from technology
development in the recent years.

Ranges of the SPF
Figure 5 shows the range of the SPF values for each

project and heat source.
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Figure 3. Heat pump installation and the system boundaries for calculation of SPF values.
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Figure 5. Range of SPF values of individual units.

The results of all projects indicate smaller range of
outcomes for individual units with outside air heat
pumps, compared with ground heat pumps. The wide
range of SPF achieved by ground heat pumps (at least
2.0 points) indicates a high potential of efficient func-
tioning of ground heat pumps. On the other hand, it
shows that the choice of a heat source seems not to
automatically guarantee a high efficiency. Errors in
designing, installation and/or running process, result in
decrease of potential efficiency and diminish economical
and ecological benefits of theoretically more efficient,
but at the same time more expensive, heat source.

SPF values for individual units

Figure 6 shows individual outcomes from 47 ground
source heat pump installation from the project “HP
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Monitor”. The number of the months in which measure
data have been analyzed is indicated in the lower part of
the bars showing the SPF value.

Most of the installations (light green) were taken over
from the project “HP Efficiency” and analyzed in the
framework of “HP Monitor” in parallel with the new
units (dark green).

Nine installations used horizontal collectors and the
remaining units were equipped in boreholes (1 to 4 per
heat pump installation). Among the boreholes units, one
consists of a 300 m borehole filled with water instead
of brine together with another filled with CO,. Further
two installations were based on the direct evaporation
principle.
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Figure 6. Individual SPF values of the ground HP with indication of the technology.

Another form of a non-standard installation was a so-
called “energy-fence”. The pipes filled with brine form a
fence sank in 1/3 in the ground. This solution uses both
outside air and ground as a heat source.

Two installations used relatively rare for ground source
heat pumps inverter compressors.

SPF values for different calculation boundaries

Figure 7 shows outcomes from various calculation
boundaries of the SPF values for ground source heat
pumps.

Calculation of SPF 0 takes into account only the elec-
tricity consumption of a compressor and of a control
system. Calculation of SPF 1 includes the consumption
of a brine pump and the calculation of SPF 2 — of a back-
up heater. On the graph the blue and orange colours
indicate the efficiency savings achieved by the absence of
the mentioned components. The average share of brine
pumps is equal to 0.22, 0.26 and 0.20, respectively. The
difference in the share between projects “HP Efficiency”
and “HP Monitor” results from the increased use of high
efficiency brine circulation pumps in recent years. For
example, in the project “HP Monitor” brine pumps’
share in the overall electricity consumption equals 4%.

However, the range of the share for individual units
amounted from 2% to 11%. It indicates the importance
of use of energy-saving circulation pumps.

The values of SPF 1 and SPF 2 differ only insignifi-
cantly, showing that the electric back-up heaters do not
cause a considerable consumption of electric energy,
irrespectively of the type of a building. The same
tendency was observed for outside air heat pumps with
electric back-up heaters operating only during in the
periods of extremely low temperatures, and even then
not in all units.

Conclusions

Measurements of heat pumps in real operating condi-
tions determined the average seasonal efficiency for
different types of heat pumps. The results indicate a clear
difference of efficiency between heat pumps operating
in older buildings (un-retrofitted) and heat pumps in
newly constructed buildings with heating systems based
on surface heat distribution. The average SPF values for
outside air and ground source heat pumps clearly reveal
higher efficiency of ground heat pumps. However, SPF
values achieved by individual installations of ground
source heat pumps had a much wider range then the one
noted for the outside air heat pumps, leading to a partial
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Figure 7. SPF values for various calculation boundaries.
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overlapping of both ranges. It enables a conclusion that
the choice of the heat source is not an automatic guar-
antee of a higher efficiency. Errors during the design,
installation and operation process markedly decrease the
achievable efficiency of heat pumps. Simple and robust
units usually work with the highest efficiency.

The analysis of the measurement of electric energy
consumption of individual components of the heating
system based on a heat pump exposed a large range of
energy consumption by fans and brine pumps among
individual units. It has been shown that the optimiza-
tion of heat pumps in terms of efficiency should not be
limited to heat pump components (compressor, evapo-
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