IEA HPP Annex 32
Economical heating and cooling systems for low ener gy houses
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Single-family house with two separate air-source
heat pumps for space heating and domestic water
production

Z Fraunhofer

ISE

Fraunhofer Institut The Fraunhofer Institute of Solar Energy systems (FhG-ISE) is

fur Solare Energiesysteme carrying out a large field test of more than 100 heat pumps

Freiburg, Germany installed in low energy houses.
This best practice sheet presents field monitoring results of
a heating system providing thermal energy for a newly built
detached house. The house is equipped with two separate air
source heat pumps. The heat pump for the space heating
operation is located outside and uses outdoor air. The heat is
emitted by a floor heating system into the heated space. De-
sign temperatures of the emission system are designed to low
values. Moreover, the space heating system contains a buffer
storage. An exhaust air-to-water is used as heat source for the
domestic hot water operation.
Measured monthly-averaged outdoor air temperatures reach
values of -3 € and 21 T during the year, yielding an overall
Seasonal Performance Factor of the Generator system SPF-G
of 3.33 due to DHW energy share of 9%. The fraction of
auxiliary energy used is with 4% slightly lower than the
average value.
Due to the good overall seasonal performance factor, the
system reaches COj-emission savings of 26% and primary
energy, savings of 34% compared to a condensing gas boiler
with an efficiency of 0.97 based on primary energy and CO»-
eg.-emission factors of the GEMIS 4.5 data base used in
Germany.

Location: Buchenbach, Baden-Wirttemberg, Germany
4 inhabitants

Year of construction: 2008

Heated area: 211 m?

Design heating load (EN 12831): 12.9 kW (61 W/m?)
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“WP-Effizienz” (“Heat pump efficiency”) is a German monitoring project run by
Fraunhofer ISE in Freiburg. The aim of the project is to collect real performance
data from a large number of new buildings equipped with different types of heat
pumps. The data of more than 100 buildings have been collected since 2006.
The project has been run until 2010. The evaluation of the data allows to draw a
wide range of conclusions including efficiency comparisons of different systems,
the impact of different operation parameters on the performance, optimisation
potentials, typical reasons for technical failures and system breakdowns as well
as explanations for other phenomena. The described building is monitored as
part of the “WP-Effizienz” project.

The building is equipped with two separate systems for space heating (SH) and
domestic hot water production (DHW) with two separate heat pumps.

The air-source heat pump located outside the building supplies thermal energy
for space heating. The electrical backup heater is supposed to support the heat
pump when peak heating load occurs. The heat is distributed by a low tempera-
ture floor emission system with a storage buffer tank.

The energy for the domestic water heating is delivered by a compact unit with
internal buffer tank. In this case, the energy source is exhaust air (ventilation
energy recovery). An integrated fan sucks air from inside the building and blows
cooled air out of the building after the heat recovery with the exhaust air heat
pump. An integrated storage tank allows to minimise energy losses.

The two heating systems operate separately without a common control equip-
ment. Both the SH and DHW unit can be considered as simple and robust
systems, which reduce the risk of failures, control strategy errors and excessive
electrical energy consumption.

Both types of heat pumps are being produced and are available on the market.
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System sketch including the measurement concept of the installed SH and DHW heat pumps

The domestic hot water
exhaust air heat pump

The front view of the monitored
building

outside air-to-water
heat pump, located
outside

Domestic water unit:

exhaust air-to-water
heat pump with
ventilation heat
recovery, located
inside

Heating unit:

Energy emission system:

low temperature
floor system

Heating capacity / COP(SH unit):
A2/W35 11.3 kW /3.7
A-7/W35: 9.6 kW /3.2

Refrigerant (SH): R407C




The building is monitored within the scope of the “WP-Effizienz”
project since October 2008 and will at least be monitored until the
end of 2010. The monitoring period covers the period Oct. 2008 —
Aug. 2009.

The temperatures, flows, powers and energies in the space
heating and domestic hot water circuits are recorded once per
minute. The consumption of the electrical energy by all system
components is stored, as well. The collected data are transmitted
to Fraunhofer ISE where automatic data quality control and further
processing including data filtration, computation of sums, averages
and other factors concerning day, month and year levels are
performed.

The thermal energy produced by the heat pump systems in the
described period was 22458.7 kWh (corresponding to 106 kWh/
mza). The amount of energy needed for space heating was 91%
(or 97 kWh/(mza)) which is above the normal value. Building
drying and not finished building isolation works are responsible for
this value. The corresponding electrical energy consumption was
6497.3 kWh of which 95% were consumed by the heat pump
compressors.

Additionally, 282.1 kWh (4% of total) was consumed by the elec-
trical backup heater of the outside air-to-water space heating heat
pump unit.

The energy amounts given above determine a Generator Sea-
sonal Performance Factor of the generation system SPF-G of 3.3.

The domestic water heat pump unit uses air from inside the
building as energy source. This guarantees a high and relatively
constant temperature of the source which results in good per-
formance.

The performance of the space heating unit is linked to the outdoor
air temperature. The air temperature significantly drops down in
winter months which results in a decrease of the heat pump’s
performance (low source temperature), which is depicted below.
The monthly performance drops down in summer, even though the
average ambient temperature rises. Since the main activity of the
system in these months focuses on DHW delivery, the heat pump
does not benefit from higher ambient temperatures.

SPF o
a0 Seasonal performance factor 220
45 A mbient temperature 10
2008 | 2009 /"‘
4.0 170
38 = 120
[ar]
3.0 — 9.0 —
28 — — 50 —
2.0 — — 10 ]
1.8 — 30 —
1 D r T T T T T T T T T T 1 ?D
okt now dez”jan feb mrz apr mai jun jul aug sep 20082000

KWh
5000
4500
4000
3500
3000
2500
2000
1500
1000

500

KWh
1800

1600
1400
1200
1000
ann
600
400

i

Delivered thermal energy

2008 2009 m Domestic hot water

W Space heating

okt

noy  dez ¥ jan

febh mrz apr mai jun jul

auy  sep

Electrical energy consumption

2008 2009 MBack-up heater
71 Fans
[ Heat pump
B
bij= §E N EE I =N =
okt nov dezl jan feb mrz o oapr mai jun jul aug sep
1%
4%,

20082009 Total

918

45%

2008/2009 Total

3

Space heating: 20520.8 Heat pump: G405.6 Kivh
Hot weater: 1991.6 KiWh Fans: 91.7 KWk
Total: 22512.4 KWh Total: 6497.3 Ianh
Back-up heater: 25721 |Janh
Energy delivered in 2008/2009
Seasonal performance factors
SPF whole system (excl. backup heater): 3.4
SPF whole system (incl. backup heater): 3.3
Minimal SPF (whole system) July 2009 - 2.6

Seasonal performance factor (monthly profile and total value for monitoring period)

and ambient temperature

Maximal SPF (whole system): October 2008 - 3.9

SPF heating unit (excl. backup heater): 3.4
SPF heating unit (incl. backup heater): 3.3
SPF domestic water unit: 35




Environmental effects of the heat pump based on thermal

energy produced*:
CO,-eg. emission factor:

Primary energy emission factor:
Primary energy:
Primary energy SPF: 1.24

650 g/kWh,
CO,-eg. emission***: 4223 kg

2.65 KWhpim /KWhg,
17218 KWhpyim,

Comparatively environmental impact of a condensing gas

boiler based on thermal energy produced**:
COy¢q emission factor:
COy¢q EMISSION***: 5673 kg
Primary energy emission factor:
Primary energy:

Primary energy efficiency****: 0.85

252 g/kWh,

1.15 KWhyim /KWhy,
25889 KWhpyim,

*values based on thesis made by Fraunhofer ISE, considering the whole process

chain and the supply energy effort
**values based on GEMIS 4.5

***values based on produced thermal energy from 10/08 unti 07/09

****hased on a boiler efficiency of 0.97

The presented data confirm that an air-to-water heat pump
with floor emission can achieve high performance. Although
ambient air is an energy source with low and not stable
temperature, it can result in a high SPF combined with a low
temperature emission. This does not only lead to savings as
far as operating costs are concerned, but also with respect
to the environment. The computed results presented above
prove significant savings both regarding primary energy and

CO, emissions.
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Field monitoring
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Phone: +49 (0) 761/ 4588-5529

Fax +49 (0) 761/ 4588-9529
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Website of the “WP-Effizien  z” project
http://wp-effizienz.ise.fraunhofer.de
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IEA HPP Annex 32

IEA HPP Annex 32 is a corporate research project on technical building systems with heat pumps

for the application in low energy houses.

The project is accomplished in the Heat Pump Programme (HPP) of the International Energy Agency (IEA).
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