
IEA HPP Annex 32 

Economical heating and cooling systems for low ener gy houses 

Multi-Family House CosyPlace ® according to 
MINERGIE-P® with ground-coupled heat pump  
for space heating, DHW and passive cooling 
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This Best Practice Sheet gives field monitoring results of a 
ground-coupled heat pump system which is used for heating 
and DHW production in winter and passive cooling and DHW 
in summer. It is installed in a multi-family ultra-low energy 
house according to the Swiss MINERGIE-P�  standard. This 
standard implies very low U-values and high quality glazing as 
well as a mechanical ventilation with heat recovery, which 
further reduces ventilation losses. 
In the field monitoring plant, the used floor emission system 
was designed for a flow temperature of 40 °C at des ign condi-
tions. However, after the first monitoring period, the supply 
temperature could be lowered. 
To increase thermal comfort during summertime, the system 
allows passive cooling by the floor emission system. This is 
achieved with just one additional heat exchanger and two  
3-way valves. 
The measured overall seasonal performance factor of the heat 
pump for space heating reached values of 3.9 (based on the 
boundary of the whole system except ventilation). Passive coo-
ling needs only energy for the pumps and control. Therefore 
SPF for cooling was about 8.0, which, however, can be further 
increased. 
Significant saving potentials of 83% CO2-eq. emissions and 
33% primary energy are achieved compared to a condensing 
gas boiler of an efficiency of 96%, based on the CO2-eq. emis-
sion factors and primary energy factors used in Switzerland. 
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·  Location: Basel, canton Basel-Stadt 

·  Heavyweight building with 5 flats in north-oriented hillside 

·  Energy reference area 1064 m2/net living space 737 m2 

·  Design heat load: 11.8 kW 

·  Calculated annual space heating demand: 10 kWh/(m2a) 

·  U-value walls: 0.11 W/(m2×K), roof 0.1 W/(m2×K) 

·  U-value glass: 0.5 W/(m2K), g-value:0.51 
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International Energy Agency 

Heat Pump Programme 
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On the background of increasing summer temperatures due to global 
warming and higher comfort demand, comfort cooling for residential buil-
dings is becoming more common in Switzerland recently. In order to 
keep electricity consumption down, only energy efficient systems should 
be used. The approach of passive, ground-coupled cooling is very 
interesting from an energy point of view. Critical points, though, may be 
the risk of condensation, loss of comfort due to excessively low floor 
temperatures as well as problems of cycling between cooling and 
heating operation. The measurement results shall show the potential of 
this cooling concept and help to find optimal parameters for the control. 
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The monitored unit is designed for ultra-low energy multi-family houses 
according to the Swiss MINERGIE-P�  standard. 
For heating, a conventional brine-to-water heat pump is used. The unit is 
designed for a floor heating system. The floor heating has been dimen-
sioned to low flow temperatures. The flow temperature has been set to 
40 °C in the first heating period, but were lowered  based on the 
monitoring. Two 130 m borehole heat exchangers are used as heat 
source. No back-up heating system is installed. 
Besides architectural optimisations to prevent overheating in summer, 
the cooling concept includes a ground-coupled passive cooling by 
means of the floor emission system as well as ventilation. The ventilation 
includes a ground-to-air heat exchanger and an automated summer-
bypass of the heat-recovery unit. Both systems are intended for a soft, 
but highly efficient cooling effect at higher outdoor temperatures. 
While cooling, the floor emission system serves as a heat collector. It is 
coupled to the same borehole that is used as a source of heat during 
winter, using one additional heat exchanger and two 3-way valves. 
Therefore, passive cooling can be added easily and at low costs to the 
existing heat pump unit. Since all heat emission surfaces are equipped 
with thermostatic valves, the system includes a 325 l buffer storage tank 
to prevent cyclic operation of the heat pump. 

Simplified sketch of the ground-coupled heat pump. 
(Components of the passive cooling in the grey block) 

One additional heat exchanger and two valves are 
required to upgrade the system for passive cooling. 

Measurement concept and system boundaries of MINERGIE-P® building CosyPlace�  
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Type: Brine-to-Water heat-
pump unit 

Refrigerant R407C 

Output capacity 15.5 kW (B0/W35) 

Electricity 3.6 kW (B0/W35),  
COP 4.3 

Electrical back-up none 

Borehole length 2 x double U 130 m 

Heat storage 325 l 

DHW storage 800 l 

Source pump 310 W 

Distribution pump 40 W, EC, Permanent 
Magnet Motor 

Ventilation air change 0.4 h -1 

summer-bypass   

Ventilation G AHX 2 x 12 m 
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Technical building components used are based on systems available on 
the market. However, passive cooling with ground-coupled heat pump 
has not been monitored in residential low energy houses, yet. 

Building technology installed in the MINERGIE-P® 
building CosyPlace�  
 

System boundary generator 

System boundary system 
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Temperature of passive cooling operation in building zone and ground 
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The field monitoring has been carried out in the period of 1. Nov. 
2007 - 30. Sept. 2009. The evaluation refers to the measurement 
period from 1. October 2008 - 30. September 2009. 
The measurements include values of energy production and con-
sumption for space heating, cooling and DHW as well as indoor 
temperatures and humidity. The evaluations in focus were indoor 
climate conditions, electricity input, generated and used heat as 
well as heat extracted by the passive cooling system. The ventila-
tion has not been evaluated. 
The total heat energy consumption of the period is 49297 kWh. 
32850 kWh or 30 kWh/(m2a) are produced for space heating, 
which is in the range of a low energy house, but does not reach 
the intended value of a passive house. 12809 kWh are produced 
for DHW, i.e. the DHW fraction is 26%, which characterises a 
good low energy house. 3637 kWh of heat is extracted from the 
flats by the passive cooling operation in summer. 
Entirely 13410 kWh electricity has been consumed by the heat 
pump and auxiliaries in the evaluated period. The fraction of auxi-
liary consumption for the pumps is 15%, which is increased by 
4% by the passive cooling operation. 
The seasonal performance of the space heating operation for the 
boundary generator (system) is with 4.4 (4.3) in the upper range. 
In DHW operation, a generator SPF of 2.7 is in the normal range. 
The system SPF of 1.7 is rather low due to the storage losses of 
35% of the produced DHW energy. 
The performance factor of the space cooling is not yet as 
effective as expected either, which is due to low extracted amount 
of heat in the first part of the summer and rather high auxiliary 
energy consumption. However, overall SPF of the generator (sys-
tem) is with 3.9 (3.5) in the normal range. Improvement was 
achieved by optimisation of the system compared to the season 
2007/08 (values in brackets). 
The room air temperatures were most of the time in a comfortable 
range of 20 °C-24 °C in winter and 22 °C-26 °C duri ng summer. 
Indoor temperature could by decrease by about 3 K using the 
passive cooling. One flat was not cooled in summer due to user 
decision, and indoor temperatures are on the upper limit, but 
were accepted by the users. 
Relative humidity sometimes dropped below 30% in winter, while 
it never reached higher values than 65% in summer. 
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Seasonal Performance Factor 2008/09 (2007/08) 

SPF overall generator 3.9 (3.8) 

SPF overall system 3.5 (3.3) 

SPF generator space heating 4.4 (4.1) 

SPF system (all components) 4.3 (4.0) 

SPF generator DHW  2.7 (2.7) 

SPF system DHW 1.7 (1.3) 

SPF generator cooling 8.1 (8.8) 

SPF system cooling 7.3 (8.0) 

 

Fraction energy/losses 

Fraction storage & distribution losses 35% 
Fraction auxiliary pumping energy 15% 

Produced heat for space heating and DHW in winter (left) 
and produced/rejected heat in space heating, DHW and 
space cooling in summer 2009 (right) 

Breakdown of electricity consumption in winter operation 

Breakdown of electricity consumption in summer operation  
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Architecture and Design Interim report first monito ring period (in German)  
gribi+theurillat AG, Basel R. Dott, Th. Afjei, A. Genkinger, A. Witmer 
Web: http://www.gribitheurillat.ch Sanfte Kühlung mit erdgekoppelten Wärmepumpen im  
toffol architekten, Basel Minergie-P® Wohngebäude CosyPlace, Interim report 
Web: http://www.toffolarchitekten.ch Muttenz 2009 
Gartenmann Engineering AG, Basel  
Web: http://www.gae.ch  
Raimann + Partner AG, Trimbach Final report with both monitoring periods (in Germa n) 
Web: http://www.raimann-u-partner.ch A. Genkinger, R. Dott, Th. Afjei, A. Witmer 
 Sanfte Kühlung mit erdgekoppelten Wärmepumpen im 
Field monitoring Minergie-P® Wohngebäude CosyPlace, Final report , 
Institute of Energy in Building Muttenz 2010 
Univ. Appl. Sciences Northwestern Switzerland  
St. Jakobs-Str. 84, 4132 Muttenz/Switzerland 
Tel: +41-61-4674349, Fax: +41-61-4674545 
E-mail: thomas.afjei@fhnw.ch, 
Web: http://www.fhnw.ch/iebau 
 
Date of Best practice sheet:  February 2010 
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An overall seasonal performance factor generator of 
3.9 is in the range of other monitored ground-coupled 
heat pumps without passive cooling. The space hea-
ting SPF of 4.4 is good, and the DHW SPF of 2.7 is in 
the ordinary range. A slight increase of the DHW per-
formance in summer operation from 2.5 in the winter 
period to 2.9 in the summer period is increased by the 
passive cooling. The cooling performance factor is at 
the lower limit. Improvement of performance factor can 
be achieved with source pumps of better energy 
efficiency and higher extracted cooling energy. 
Auxiliary fraction for the pumps is with � 15% of the 
total electricity consumption quite high. The passive 
cooling contributes � 25% to the pump consumption. 
Only 10% is consumed by the distribution pump due to 
the use of high-performance pumps. The primary pump 
to load the buffer increases the consumption by � 15%. 
Based on experiences of the first monitoring year seve-
ral measures to optimise the system performance have 
been implemented: 
·  The heating curve was set 10 K above the calcu-

lated design value. A reduction of the heating curve 
could contribute a 10% improvement. 

·  The heating limit has been lowered, which enables 
a more efficient cooling operation and avoids paral-
lel heating and cooling with short time delay. 

·  Since the heat pump starts were numerous, the 
hysteresis of the relatively small buffer storage has 
been increased from 2K to 5K. 

Results of these measures are better seasonal perfor-
mance factors than in the year 2007/08. 
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Environmental impact of the heat pump: 

CO2-eq emission factor*:     155 g/kWhel. 
CO2-eq emission**:   1933 kg 
Primary energy factor*:    2.97 kWhprim./kWhel. 
Primary energy**: 37039 kWhprim. 

SPF based on primary energy:    1.31 

Comparison of environmental impact of a condensing gas 
boiler**: 
CO2-eq emission factor*:      241 g/kWhth. 
CO2-eq emission**:  11504 kg 
Primary energy factor*:     1.15 kWhprim./kWhth. 
Primary energy**:  54895 kWhprim. 

Primary energy efficiency***: 0.85 
  
*  values based on SIA Merkblatt 2031 (2009), Energieausweis für Gebäude 
** values based on produced thermal energy (without cooling) from 10/08 until 09/09 
***value based on an efficiency of 96% acc. to field monitoring of 59 boiler in Wolff et. 
     al. (2004) 
 

����
��	��  

The Best Practice Sheet confirms that the described heat 
pump system achieves a good overall seasonal performance 
factor of 3.9 and substantial CO2-eq-emission reductions of 
82% and primary energy of 33% compared to a natural gas 
condensing boiler of 96% efficiency. 
The passive cooling reaches a high seasonal performance 
factor around 8 and has still further optimisation potentials. 
Thus, ground-coupled passive space cooling can be an 
attractive and cost-effective solution to enhance the summer 
comfort in high performance buildings in times of rising 
outdoor temperatures. 

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). 

Internet: http://www.annex32.net 


