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This Best Practice Sheet describes field monitoring results of a 
heat pump compact unit with ventilation heat recovery installed 
in a single family low energy house according 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 44 kWh/(m2a) enables the 
use of a low temperature heat emission system. In the field 
monitoring plant, the used floor emission system was designed 
for a low flow temperature 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 heat 
pump for space heating and DHW production is 3.7 (based on 
the boundary of COP testing) and 3.1 for the entire system 
incl. ventilation, DHW storage and auxiliaries. The good perfor-
mance proves that the unit operates feasible combining the 
advantages of small installation space/costs and a monoener-
getic operation. Direct electrical back-up use is with � 5% very 
low and limited to the coldest period of the year. 
The total cost of the system is � 22.000 € incl. the compact unit, 
floor emission system, installation and design, excl. the DHW 
distribution. No specific maintenance was required during the 
monitoring period. 
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·  Location: Gelterkinden, canton Basel-Landschaft 

·  3 inhabitants (2 adults, 1 child in school age) 

·  Energy reference area: 153 m2/net living space 125m2 

·  Design heat load: 4.1 kW (SIA 384/2) 

·  Annual space heating demand: 157 MJ/m2 (SIA 380/1) 

·  U-value walls: 0.21 W/(m2×K), roof 0.13 W/(m2×K) 

·  U-value windows (incl. frame) 1.2 W/(m2K) 
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Due to an air-tight building envelope low energy houses require a me-
chanical ventilation system to guarantee hygienic air exchange. In most 
cases a ventilation heat recovery is installed to reduce the space heating 
demand. 
To further recover the energy from the ventilation exhaust air, a heat 
pump can provide space heating and domestic hot water. With regard to 
installation space and cost, ventilation compact units with exhaust air 
heat pump were introduced into the market, combining the three func-
tions in one unit. These systems are very popular in German passive 
houses. 
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The monitored compact unit is designed for low energy residential 
houses in the range of 3-5 kW design heat load, e.g. according to the 
Swiss MINERGIE�  standard. 
In this capacity range outdoor air serves as additional heat source for 
the heat pump evaporator. An electrical back-up heater covers peak 
loads.  
Furthermore, the unit includes an additional air pre-heater to prevent 
frosting of the ventilation heat recovery. The pre-heater uses the sub-
cooling energy of the heat pump refrigerant cycle and avoids thereby a 
frosting of the heat recovery. The heat pump evaporator has to be de-
frosted regularly due to a relatively high outdoor air fraction. 
The compact unit is designed for a floor heating system. The floor hea-
ting has been dimensioned to a very low design flow temperature below 
30 °C (Low-Ex layout) in order to maximise the COP of the heat pump. 
At these low flow temperatures the self-regulation effect can be used. It 
refers to the effect that the heat flux is reduced in case of a low 
temperature difference between indoor temperature and the emission 
system, i.e. in case of increasing room temperatures the heat emission 
of the space heating system is reduced by itself. A self-regulation can 
only be used in systems with low temperature differences to the room. 
A 200 l domestic hot water (DHW) storage is included in the compact 
unit for the DHW operation. Components and layout of the heat pump compact 

unit with ventilation heat recovery 

Sketch of the ventilation compact unit installed in the 
single family house. The functions ventilation, space 
heating and DHW are combined in one unit. 
A solar collector is optional and not installed in the 
field monitoring object. 

Cross section of the dwelling in Gelterkinden. The compact unit, which is depicted as cut-
away view including the sensors, is placed in the marked technical room in the basement 
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Type: Ventilation compact 
unit with 
outdoor/exhaust air 
heat pump 

Refrigerant R 407 C 

Output capacity 4.1 kW (A2/W35) 

Electricity 1.3 kW (A2/W35),  
COP 3.2 

Electrical backup 1.4 + 2.8 kW, 
4.2 kW in total 

Noise emissions 49 dB(A)* 

Weight 223 kg unit/ 
153 kg storage  
(w/o water) 

Storage volume 200 l 

Ventilation rate 80-230 m 3/h 

 

 

 

  
* at A2/W35, 170m3/h ventilation air at 50 Pa 
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The compact unit is fabricated in serial production and is available on 
the market for several years with increasing market shares. 
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The field monitoring was carried out over a whole year in the pe-
riod 26.April 2004 – 25. April 2005. 
The measurement points are set in such a way that, as far as 
possible, energy balances for all component groups and opera-
tion modes can be carried out. This included also measurement 
points inside the compact unit in order to determine e.g. the 
contribution of the subcooler for the ventilation air preheating and 
the fraction of the electrical resistance heat for space heating and 
DHW. The evaluation in focus was the electricity input, the 
generated heat and the used heat. 
The control of the system is based on an outdoor air dependent 
heating curve. In systems with self regulation effect, the setting of 
the heating curve is important, i.e. also for small systems in single 
family houses, an initial commissioning is required. Moreover, 
control comprises balance points for the use of the back-up hea-
ter, i.e. above a certain outdoor temperature the back-up is de-
activated. Moreover, in order to maximise energy fractions 
covered by the heat pump, a time delay for the supplementary 
back-up heater is set, i.e. the back-up is only switched-on after a 
certain time of heat pump operation. 
The field monitoring showed a higher energy consumption for the 
space heating operation than expected according to the standard 
calculation. Explanations for the higher consumption are not 
finished drying-out of the building, less solar gains due to the 
user's shading behaviour and wind exposure. 
The DHW consumption makes-up only about 10% of the total 
heat consumption and is therefore relatively low for a low energy 
house. These low values could be explained by specific user 
behaviour. 
The ventilation heat recovery reduces the space heating demand 
by about 10%. 
The room air temperatures are most of the time in the desired 
range of 20 °C to 24 °C. Only at outside air temper atures below  
-8 °C the room air temperature drops slightly below  20 °C. At out-
side air temperatures over 26 °C the temperature in  the room 
stays in 50% of these times below 26 °C. 
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Fractions of produced heat and electricity use 
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Seasonal performance factors 

SPF generator (boundary HP, BU & source)    3.6 

SPF system (all system components)    3.1 

 

Fractional losses/consumption 

Fraction storage losses (of total heat)    8% 

Fraction back-up (of total electricity)    5% 

Fraction of auxiliaries (of total electricity) 20 %  

 

Operation times 

Ventilation system year-round 

Heat pump space heating 2496 h 

Heat pump for DHW 609 h 

Energy balance of the ventilation compact unit with air-source heat pump installed in a SFH according to MINERGIE�  
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The heating season comprises the months from 
October to April. During the heating season with space 
heating operation the heat pump with the evaporator 
fan uses 84% of the electricity consumption. The heat 
recovery fans consume 4%, control and transformer 
3% and circulation pumps 5%. The electrical back-up 
heater with the remaining consumption of only 5% 
stresses the good performance, where most of the 
heat is produced with the heat pump. 
In summertime, where the heat pump is operated only 
in the DHW mode, the heat pump electricity makes up 
for about 50% of the total electricity consumption, while 
the ventilation system and other auxiliaries use the 
rest. No back-up operation for the support of the DHW 
heating takes place in summertime due to the control 
setting of a balance point for the DHW operation. 
Storage temperatures in the upper part of the storage 
of about 55°C could be reached with the heat pump 
operation. 
With an overall generator SPF of 3.6 and a system 
performance of 3.1, the performance of the system is 
good for an air-source system, in particular in space 
heating, which underlines the benefit of the low supply 
temperatures. 
However, in DHW operation, storage losses are higher 
than expected. The storage losses are affected by the 
low DHW consumption, though. Nevertheless, opti-
misation potential is in the DHW performance, e.g. by a 
further reduction of the storage losses to increase the 
seasonal performance of the entire system. 
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Architecture and Design Wemhoener, C., Dott, R., Af jei, Th., Huber, H., Keller, P.,  
Bircher + Keller AG Helfenfinger, D., Furter, R.  
Ingenieure und Architekten HTL/STV Calculation method for heat pump compact units and 
Weidenbodenweg 2, 4450 Sissach/Switzerland validation 
Tel: +41-61-9716080 Final report SFOE research project, Muttenz 2007 
E-mail: bircherkeller@bluwin.ch Download: 
Web: http://www.bircherkeller.ch http://www.bfe.admin.ch/dokumentation/energieforschung/ 
 index.html?lang=de&publication=9170 
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: Februar 2010 
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Based on a SIA documentation* on the building energy  
certificate, CO2-eq.-emissions/primary energy for  
Switzerland are: 

CO2-eq.-emission factor*:     155 g/kWhel 
CO2-eq.-emissions**:     590 kg/a 
Primary energy factor*:     2.97 kWhprim/kWhel. 
Primary energy**: 11844 kWhprim 
SPF based on primary energy:      1.2 

Comparison to condensing gas boiler with yields: 
CO2-eq.-emission factor*:    241 kg/kWhth 
CO2-eq.-emissions**:     3342 kg/a 
Primary energy factor*:      1.15 kWhprim/kWhth.  
Primary energy**:   15945 kWhprim 
Primary energy efficiency***:         0.84 

Concerning the investment cost for the compact unit is 
10000 €**** and the total cost for the system is 22000 €***** 
Due to self regulation, costs for thermostatic valves are avoi-
ded. However, the floor heating system has to be designed 
for lower flow temperatures, which may increase the costs, 
thus an avoided investment is difficult to evaluate. 
Compared to fuel systems no connection to the gas network 
and no costs and space for the fuel storage are required. 
During the monitoring, no specific maintenance was needed. 
The air filters of the ventilation were changed by the user. 
  
* Based on SIA Merkblatt 2031 (2009) Energieausweis für Gebäude,  
        Swiss Engineers and Architects Association, Zurich 
**    based on system boundary "generator" 
***    based on efficiency 96% of field test of 59 boilers (Wolff et al. 2004) 
****  Catalogue price 2007 w/o VAT, exchange rate Sept. 2007 
***** including ventilation compact unit, floor heating system, ventilation 
       system, design and installation, excluding DHW distribution system 
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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 


