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Economical heating and cooling systems for low ener gy houses 

International Energy Agency 

Heat Pump Programme 

Single Family House according to MINERGIE ��� �   
with B/W heat pump and vertical borehole heat 
exchanger for passive cooling operation 
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This Best Practice Sheet gives field monitoring results of a 
ground-source heat pump system with a passive cooling option 
installed in a single family low energy house acc. to the Swiss 
MINERGIE�  standard. The MINERGIE�  standard implies low 
U-values, a high quality glazing and a controlled ventilation, 
which enhances the indoor thermal comfort. 
The low space heating demand of about 40 kWh/(m2a) enables 
the use of a low temperature heat emission system. In the field 
monitoring plant, the used floor emission system was designed 
to low flow temperature of below 30°C at design con ditions. 
Such low temperatures optimise the heat pump COP and a 
self-regulation can be used for the control of the system. 
The measured overall seasonal performance factor of the 
system for space heating, DHW and space cooling is 3.8. The 
SPF for space cooling reaches a value of 7.3. Due to the 
simultaneous DHW and passive cooling operation, the SPF for 
DHW is increased from 2.8 in winter to 3.7 in summer. The 
good performance proves that the unit operates feasible 
combining the advantages of small installation space/cost and 
monovalent operation. 
The additional cost of the passive cooling is with about 1500 € 
investment and 12 €/a moderate. Compared to a condensing 
gas boiler the CO2eq.-emissions are reduced by 82% and the 
primary energy by 27% based on factors used in Switzerland. 
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·  Location: Muolen, canton St. Gallen 

·  3 inhabitants (2 adults, 1 baby child) 

·  Energy reference area: 279 m2 

·  Design heat load: 6.4 kW (acc. to SIA 384.201) 

·  Annual space heating demand: 61.4 kWh/(m2a) 

·  U-value walls: 0.16-0.2 W/(m2×K), roof 0.19 W/(m2×K) 

·  U-value windows (incl. frame): 1.3 W/(m2K), g-value: 0.6 
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In Switzerland low energy houses according to the MINERGIE® standard 
show a strong market growth and already reached market shares of 
25% for new residential dwellings. Climate change and high glazing 
fractions, however, hold the risk of overheating in summer, which may 
increase the interest in residential cooling. Not to spoil the good winter 
performance by extensive electricity consumption for summer cooling, 
energy efficient cooling methods are required. A promising solutions is a 
ground-coupled cooling, which is increasingly used with ground-coupled 
heat pump systems. This Best Practice Sheet gives year-round results 
of a single family house with passive cooling in summer. 
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The MINERGIE® dwelling is equipped with a B/W heat pump with elec-
tronic expansion valve. As ground source, a 150 m DN 32 double U-tube 
vertical borehole heat exchanger is installed. The monovalent heat pump 
works on a 100 m2 floor heating system which is designed as low-ex 
system with design temperature of 30 °C/25 °C at ou tdoor design tempe-
rature of -9 °C. Besides maximisation of the COP, t his enables to use a 
self-regulation and to simplify the hydraulic design by avoiding the need 
for thermostatic valves. 
In domestic hot water (DHW) mode the heat pump is switched to a 400 l 
storage to produce hot water in alternate mode at a design hot water 
temperature of 50 °C. Furthermore, the building is equipped with a ba-
lanced ventilation system including a passive heat recovery of a tempe-
rature change coefficient of 80%. Even though not necessarily required 
by the MINERGIE® standard, balanced ventilation systems are installed 
in the majority of MINERGIE® buildings in Switzerland. 
In summer operation the borehole can be used for ground-coupled pas-
sive cooling (also called "free", "direct" or "natural" cooling). The floor 
emission system is used in passive cooling mode, as well. By the low-ex 
design, higher cooling supply temperatures are possible and therefore, 
the ground potentials can be better used also in cooling mode. The sys-
tem is equipped with a so-called "NC-Box", which comprises all com-
ponents for the direct connection of the ground-source to the floor emis-
sion system. 

Principle of the passive cooling with ground-coupled 
heat pump systems (source: Viessmann) 

The NC-Box contains all hydraulic components to 
connect the ground-source to the floor emission 
system for passive ground cooling. 

Measurement concept of the pilot plant in Muolen, SG, equipped  
with a ground-source HP for SH, DHW and passive cooling 
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Type: monovalent B/W-HP with 
electronic expansion valve 

Source system:    150 m double U-tube vertical 
borehole heat exchanger DN 
32 

Refrigerant R 407 C, 1.8 kg 

Heating Capacity / COP 

  8.4 kW / 4.6 (B0/W35) 

Emission system:    100 m 2 floor heating  

Design temp.  30°C/25°C 

DHW Alternate operation 

  Design temp. 50 °C 

  Storage volume 400 l 

Nominal pump capacity 

  source pump:  three steps: 80-130 W 

nom. vent. rate 210 m 3/h 

temperature change coefficient: 80% 

power fans: 99 W 
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The heat pump with electronic expansion valve and the NC box for 
ground-coupled passive cooling has been introduced in 2006. 

Source: Viessmann 

System boundary  
system 

System boundary generator 
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The field monitoring was carried out over a whole year in the pe-
riod 1. May 2009 – 30. April 2010, but due to problems in the re-
mote data acquisition system, the data of April could only be eva-
luated for the amount of heat, so that performance factors are re-
lated to an 11-month period until 31. March 2010. 
The measurement points are recorded every minute and stored 
as 15-min average values. The measurement concept comprises 
the system boundary generator and system as depicted in the hy-
dronic scheme. 
In winter operation, 10708 kWh or 38.4 kWh/(m2a) space heating 
energy are consumed and the average heat load was evaluated 
to 30 W/m2 (max. 42 W/m2), which is in the range of low energy 
houses. However, the heat pump proved to be over-dimensioned, 
since the house consumes about � 1/3 less space heating energy 
than the calculated value despite an extreme winter in the year 
2009/10. The DHW share is with 14% on the lower edge for a low 
energy house. 
Due to the low flow temperature design the heat pump reaches a 
good SPF generator in heating mode of 3.8 and in DHW mode of 
3.1. The actual measured flow temperature, however, is with 
34 °C higher than the design value due to the over- dimensioning 
of the heat pump. 
The average extracted power of the ground is 48 W/m at an 
average ground temperature in the winter season of � 8 °C. 
Auxiliary consumption is with 6% and 5% for the sink and source 
side, respectively, in a good range. 
In summer operation, the passive cooling reaches a high perfor-
mance factor in the range of 7. Moreover, the DHW operation is 
enhanced and reaches a performance of 3.7 due to simultaneous 
operation with the passive cooling mode. Due to a holiday period 
of the users, a comparison of room temperatures with and without 
passive cooling operation could be performed, which confirms, 
that an average reduction of room air temperatures by 2-4 K is 
reached. Thereby, with cooling operation, the indoor tempera-
tures can be kept within the boundaries of category II according 
to EN 15251 (2007), while without cooling, not even category III 
can be kept. 
The overall SPF adds-up to 3.8 both for the boundaries "gene-
rator" and "system", since the performance in passive cooling 
operation, which is only accounted in the boundary "system", 
levels out the storage losses of the DHW operation. 
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Performance indicators  

Overall seasonal performance factors 

SPFgenerator (produced heat, source) 3.8 

SPF system (used heat, all components) 3.8 

 
SPF operation modes  

SPF heating (summer/winter/total) - / 3.8 / 3.8 

SPF DHW (summer/winter/total) 3.7/2.8/3.1 

SPF cooling (summer/winter/total) 7.3/ - /7.3 

 
 
Operation times 

Ventilation system 6 h at night 

Heat pump space heating 2680 h 

Heat pump for DHW 514 h 

Ground-coupled cooling 675 h Reduction of indoor room air temperatures by ground-coupled passive cooling 

Produced heat and electricity consumption in the summer 
period of 1. May 2009 - 30. Sept. 2009 

Diurnal temperatures of 2 following days with simultaneous 
space cooling and DHW production 

Produced heat and electricity consumption in the winter 
period of 1. October 2009 - 31. March 2010 
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The first measured heating season from 1. December 
2008 - 30. April 2009 showed some irregularities in the 
recorded measurements, so the measured data was 
not used for the performance characterisation, but to 
optimise the system. The measured data showed a 
lower space heating load of 4.4 kW instead of the cal-
culated design heat load of 6.4 kW, so that the heat 
pump with 8.4 kW nominal capacity is over-dimen-
sioned by 90%. Therefore, the design parameters of 
the heating curve were adapted. The average of the 
outside temperature was changed from 3 h to 18 h and 
the heating limit was reduced from 16 °C to 13 °C p lus 
a hysteresis of 2 K, i.e. at 15°C averaged over 18 h, 
the heat pump is switched-off. Measured flow tempera-
tures are in the range of 28 °C at outdoor design c ondi-
tions. 
Due to the over-dimensioning of the heat pump, it 
could be attempted to lower the flow temperatures. By 
the low supply temperatures and the efficient cooling 
mode, the overall system seasonal performance factor 
based on used energy and comprising all electricity 
expenses is 3.8, which is a good value. 
The comfort can be significantly enhanced by the pas-
sive cooling, since room air temperature can be kept 
below 26 °C. By the passive cooling, an average de-
crease of 3 K is realistic. Moreover, DHW operation is 
slightly enhanced by a simultaneous operation, which, 
however, would be similar due to short-term storage in 
the ground. 
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Architecture Lederle, N., Dott, R, Afjei, Th.  
N. Fritschi, b + p Architektur AG SEK-Standardlösungen zum effizienten Kühlen mit Wärme- 
Gewerbestr. 4, 9242 Oberuzwil/Switzerland Wärmepumpen, 
Tel: +41-71-4613168 Final report SFOE research project in German, 
E-mail: bundparch@bluwin.ch Download: http://www.energieforschung.ch 
  
Building Technology / Design  Dott, R., Afjei, Th., Genkinger, A., Lederle, N.  
W. Kaiser Haustechnikplaner Heizen und Kühlen mit Wärmepumpen - Theorie und Praxis 
Bichwilerstr. 1, 9242 Oberuzwil/Switzerland Conference paper in German, 
Tel: +41-71-9414757 Proceedings 16. Brenet Status-Seminar, 2./3. Sept. 2010, 
E-mail: kaiserou@bluwin.ch Zurich 
 Download: http://www.brenet.ch 
Field monitoring   
Institute of Energy in Building  
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: June 2010  

�	���
� ��	����������������

Based on a SIA 2031* on the building energy certificate, 
CO2 emissions/primary energy for Switzerland are: 

CO2-eq.-emission factor*:     155 g/kWhel 
CO2-eq.-emissions**:     567 kg/a 
Primary energy factor*:     2.97 kWhprim/kWhel. 
Primary energy: 10861 kWhprim 
SPF based on primary energy:    1.28 

Comparison to condensing gas boiler*** yields: 
CO2-eq.-emission factor*:    241 g/kWhth* 
CO2-eq.-emissions:  3133 kg/a 
Primary energy factor*   1.15 kWhprim/kWhth. 
Primary energy:   14951 kWhprim 
Primary energy efficiency***:   0.83 

The additional cost of the passive cooling option is mode-
rate. Additional components add-up to about 1500 €**** for 
the heat exchanger, valves, control and the operational 
additional electricity cost are in the range of 12 €/a****. 
  
* based on SIA Merkblatt 2031 (2009) Energieausweis für Gebäude,  
       Swiss Engineers and Architects Association, Zürich 
**    based on system boundary "generator" 
***   based on efficiency 96% of field test of 59 boilers (Wolff et al. 2004) 
**** based on evaluations in Dott, Huber, Afjei (2007), Heizen und Kühlen 

mit erdgekoppelten Wärmepumpen, Final report of the SFOE research 
project, Research programme Energy Efficiency, Muttenz 
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The passive ground cooling is a cost-effective way to over-
come the increasing cooling needs of residential buildings 
without significant increase of electricity consumption. 
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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). 

Internet: http://www.annex32.net 


