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IEA HPP Annex 32 

Economical heating and cooling systems for low ener gy houses 

International Energy Agency 

Heat Pump Programme 

Integrated water-to-water propane heat pump  
installed in a passive house in Southern Norway 
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This System Concept Sheet describes the field-monitoring of 
a 2.9 kW water-to-water propane (R290) heat pump prototype 
installed in a passive house in Flekkefjord (Southern Norway). 
The heat pump system covers the entire space heating (SH) 
and domestic hot water (DHW) demand in the residence. The 
heat pump can be operated in SH mode, DHW mode and in 
simultaneous mode. The heat pump supplies heat to a low-
temperature (LT) storage tank for SH and preheating of DHW 
and a high-temperature (HT) DHW storage tank. The LT stor-
age tank is connected to a low-temperature floor heating sys-
tem. The DHW temperature is about 60-65 °C and the supply 
temperature in the SH system is about 35 °C. 
The field monitoring started in autumn 2007. The weighted 
average SPF is 3.7 excluding the electricity to operate the 
pumps while the average SPF including the total energy input 
to the compressor and pumps is 3.1. These values corre-
spond to about 70% energy saving compared to an electric 
heating system. During testing of the heat pump unit an opti-
misation potential for the evaporator and the expansion valve 
operation have been detected. 
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·  Location: Flekkefjord, Southern Norway 

·  Inhabitant: 2 adult persons 

·  Total floor area: 172 m2 

·  Total calculated heat demand (SH/DHW): ~35 kWh/(m2·a) 

·  Wall/roof: U-value 0.1/0.09 W/(m2·K) 

·  Window area: 83 m2, 63% south-facing 

·  Windows: Low-e triple glazing with Argon gas,  
U-value 1.0 W/(m2·K) 
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A novel propane water-to-water prototype heat pump system for space heating (SH), 
domestic hot water (DHW) and simultaneous SH and DHW has been designed, con-
structed and field monitored by NTNU and SINTEF Energy Research. Design goals were 
the use of a natural and environmentally benign refrigerant, minimum condensation tem-
peratures for all operation modes, monovalent design for DHW temperature up to 60-
65 °C and design of the unit according to the safet y regulations in EN 378. 

����
��
���	
����  

The heat pump unit has a desuperheater connected to a high temperature (HT) storage 
tank for domestic hot water (DHW) and a condenser connected to a low temperature (LT) 
storage tank for SH and preheating of DHW. Both storage tanks have integrated coils of 
stainless steel. 
The heat pump unit utilizes a suction gas heat exchanger (SGHX) in combination with a 
desuperheater (DHX) which raises the discharge gas temperature to maximum 100°C. 
The superheat, which is used for DHW heating, constitutes about 30% of the total heating 
capacity of the heat pump. To limit the maximum discharge gas temperature, the SGHX 
can be by-passed. 
Due to the high flammability (AIT* 470°C, LEL/UEL** 2.1, 9.5%) and a charge of 250 g   
(>150 g) of the refrigerant propane (R290, C3H8, GWP 3), an indirect, closed design of the 
heat pump in a gas-tight cabinet (IP 20) has been applied. The cabinet is vented to the 
ambient and has leak detectors connected to a visual alarm. All joints for the heat pump 
unit inside the cabinet are soldered; the system uses ex-proof high- and low-pressure 
controllers (IP 44) and a gas-tight cabinet for the electrical equipment (IP 20). In DHW 
mode the cold city water is preheated in the LT tank and reheated in the HT tank. In si-
multaneous heating and DHW mode, both the desuperheater and condenser are opera-
tive. In SH mode only the condenser works on the LT storage tank. 
  
*AIT Auto Ignition Temperature     ** LEL/UEL Lower /Upper explosion limit 

����
��
���
�
�	�������
���

Type: W/W propane (R290) 
heat pump 

Heat source: Lake water, 5-15 °C 

Output capacity: 2.1 kW (W10/W35) 
  2.5 kW (W15/W35) 

COP: 4.1 (W10/W35),  
4.4 (W15/W35) 

Storage volume: DHW: 300 l 
SH: 300 l 

Components:  
Evaporator/    SWEP PHE, B15-10, 
Condenser:     0.36m 2, H/W* 6.5 

Desuperheater:  SWEP PHE, B8-10,  
0.23 m2, H/W 4.3 

Suction gas HX:  SWEP PHE, B5-10, 
0.12 m2, H/W 2.6 

Compressor:  Danfoss SC15CNX, 
single-stage, her-
metic piston, 2900 
rpm, 15.28 cm 3 

Expansion valve:  Danfoss TUA R22, 
thermostatic, intern. 
pressure equalization 

  
*height/width 
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The system is a prototype system developed at the Norwegian University of Science and 
Technology (NTNU, David Zijdemans) in co-operation with SINTEF Energy Research. 

 

Use of a suction gas heat exchanger 

Principle sketch of the prototype water-to-water pro pane heat pump system 

Floor plan of the passive house 
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Measurement period 
The prototype water-to-water propane heat pump system was installed in 
the pilot house July 2007, and has been monitored from September 2007 
to April 2010 (31 months). The measurements have been carried out and 
prepared by Peter Leendert Zijdemans and David Zijdemans. 

Measurement results 
The measured COP for the heat pump system ranged from about 2.8 to 
4.0, with a weighted average value of the entire period of 3.1 (electricity 
of pumps included). This corresponds to about 70% energy saving  
compared to an electric heating system. The COP is depending on the 
ratio of DHW production. This is due to variations in the condensation 
temperature and the temperature in the LT storage tank. The measuring 
results with SPF for the heat pump unit (blue line), SPF for the total sys-
tem (red line without markers) and heat source temperature (red line with 
markers) are shown in the two upper graphs on the right hand side 

Measurement equipment 
The prototype was instrumented with heat flow meters for the space 
heating system (LT tank), preheating of DHW (LT tank) and reheating of 
DHW (HT tank), electric power/energy meters for the compressor and 
pumps as well as temperature sensors for the heat source, heat pump 
unit (miscellaneous) and ambient air. 

Annual heating demands – space heating and DHW heating 
The calculated (estimated) net heating demand duration curve for the 
pilot house, i.e. the thermal power demand for space heating and hot 
water heating during the entire year are shown in the figure on the right 
hand side. The areas under the curves for “Space heating” and “Total 
demand” represent the total annual space heating demand and the total 
annual heating demand for space heating and domestic hot water heat-
ing, respectively (Zijdemans, 2007). The heat exchanger coil in the LT 
storage tank covers about 60-70 % of the total DHW heating demand, 
whereas the remaining 30-40 % is covered by the heat exchanger in the 
HT storage tank. 

Changes during measurements 
The filter for the lake water was changed due to clogging problems. 

Comparison field test results to calculated values 
The measured SPF values are lower than expected, and this is mainly 
due to relatively poor performance of the evaporator (low gas velocity) 
and the fact that the energy meter for the DHW system (HT tank) has 
limited accuracy at small DHW draw offs. When the house owners have 
visitors and the DHW demand increases, the accuracy of the heat meter 
(volume flow meter) is improved and the COP rises considerably. 

Conclusions, evaluations, recommendations 
The heat pump system has a very good thermodynamic design, although 
the measured SPF is lower than expected the heat pump system is con-
sidered to be a great success. By further optimization of components and 
system design, the heat pump system has the potential to be one of the 
most energy efficient integrated heat pump systems on the market. 
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Estimated total energy consumption 6020 kWh/a 

Estimated space heating consumption  3400 kWh/a 

Estimated DHW consumption 2620 kWh/a 

DHW energy fraction 43.5% 

Seasonal performance factors 

SPF heat pump (boundary COP) 3.7 

SPF system (all system components) 3.1 
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Estimated heating demand duration curve for the 
pilot house (Zijdemans, 2007). 
 

Measured  monthly Seasonal Performance Factor 
(SPF) and average SPF (2007-2010, 31 months)  
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During the first heating period, the evaporator showed poor 
performance and the superheat control of the expansion 
valve was unstable. 
The problem in the evaporator is probably caused by a low 
liquid/vapour velocity which limits the heat transfer coefficient 
to 50% of the calculated value. 
The vapour from the suction gas heat exchanger was super-
heated 5-16°C, and the unstable superheating was ca used 
by bad thermal contact between the temperature sensor and 
the tube wall. The stability was significantly improved by 
using thermal paste at the contact surface.  
During February and March 2009 the filter for the lake water 
inlet was gradually clogged, which resulted in a drop in the 
water flow rate and finally freezing of the drain pipe (i.e. heat 
pump halt). 

Interpretation of performance 
The average SPF during the entire measuring period for the 
heat pump unit including only the drive energy to the com-
pressor ("SPF average – HP unit") is 3.7, while the average 
SPF including the total energy input to the compressor and 
pumps is 3.1, These SPF values correspond to about 70 % 
energy saving compared to an electric heating system. Lake 
water represents an excellent heat source, and the tempera-
ture ranges from about 1.5 °C to 13 °C. 

Weak points, optimisation potentials 
The evaporator should be optimized, and the heat flow meter 
for the DHW should have higher accuracy. 
The problems that occurred with the lake water filter can be 
avoided with good/regular maintenance. 

Reached comfort 
The heat pump covers the entire heating demand of the 
residence even during periods with large DHW demands, 
and the peak load system (electric heaters) has never been 
used, which clearly demonstrates that the heat pump system 
was correctly designed for this passive house. 
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Prototype development  Maria Justo Alonso, Jørn Stene 
David Zijdemans (NTNU) in co-operation with  IEA HPP Annex 32 Umbrella report, System solutions, Design 
Jørn Stene (SINTEF Energy research)  Guidelines, Prototype system and field testing - NORWAY  

Technical report A6966, SINTEF Energy research, Trondheim 
Norway, May 2010 

Field monitoring   
Peter Leendert Zijdemans David Zijdemans   
David Zijdemans Analysis of a heat pump system for a passive house  
 Master thesis, NTNU, July 2007 (in Norwegian) 
  
 David Zijdemans 
 Analysis of a heat pump system for a low energy houses/ 
 passive houses 
 Project work NTNU, 2006 (in Norwegian) 
 
 Norwegian Annex 32 project website 
Date of Best practice sheet: June 2010 http://www.energy.sintef.no/prosjekt/Annex32 
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Environmental impact of the heat pump based on thermal energy 
produced*: 

CO2eq emission factor**:       7 g/kWhel. 
CO2eq emission:  13.6 kg 
Primary energy factor**:    1.5 kWhprim./kWhel. 
Primary energy: 2913 kWhprim. 
 
Comparative environmental impact of a condensing gas boiler 
based on thermal energy produced**: 

CO2eq emission factor**:   277 g/kWhth. 
CO2eq emission: 1737 kg 
Primary energy factor**:   1.36 kWhprim./kWhth. 
Primary energy:   8528 kWhprim. 
Annual efficiency of the  
gas condensing boiler ***:     96 % 
 
*   estimated energy consumption (SH/DHW) 6020 kWh/a based on 35 kWh/(m2a) 
**  values based on EN 15603, Annexe E for hydro power and natural gas  
    (fraction hydro power in Norway 99% acc. to www.statkraft.com) 
*** acc. to field monitoring results of 59 gas condensing boilers (Wolff et al. (2004)) 
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The presented data confirm that the water-to-water heat pump 
prototype system is very efficient and has the potential to save sig-
nificant amounts of CO2-emission compared to a conventional 
system with a condensing gas boiler for space heating and DHW 
operation.  
Also in passive house application with relatively high DHW frac-
tions due to the very low space heating requirement, the perform-
ance of the prototype is above three with the respective primary 
and CO2-emission savings as shown above. 
Moreover, the developed prototype uses a natural refrigerant, 
which has a negligible global warming potential, and thus also 
regarding the refrigerant the system does not harm the environ-
ment. 

4 

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 


