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8 rue du Nant, 1207 Geneva 
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Over the past few years, systems that combine solar thermal technology and heat pumps 
have been marketed to heat houses and produce domestic hot water. This new combination 
of technologies is a welcome advancement, but standards and norms are still required for its 
long term successful commercialization. Such combinations are complex and need more 
control strategies and electronics than separate configurations. Therefore the optimisation of 
the combination is more complex and the cost effectiveness of the combination is not 
obvious. 

It has become very popular to heat a house with a heat pump solution due to the promotion 
undertaken by electrical utilities since a few years and the willingness of consumers not to 
dependent upon fossil fuels. In some countries electricity is however produced by fossil 
fuels. More and more customers are thus attracted by a heat pump solution combined with a 
solar installation at least for domestic hot water preparation. Market for S+HP in countries 
like Switzerland, Austria, Germany are booming due to several favourable conditions like 
CO2 reduction promotion programs, direct electrical heating substitution encouragement, 
obligation of a minimum of 30% renewable for domestic hot water production, high electricity 
peak cost and incentives. 

 

Task 44 / Annex 38 – “Solar and Heat Pump Systems” 

International collaboration through an IEA activity is an efficient way to share knowledge and 
new ideas on comparison and standardisation of such complex systems. Moreover the Task 
44 of Solar heating and cooling called “Solar and heat pump systems” is also Annex 38 of 
the Heat Pump Programme, thus gathering experts from both technologies. 

Like all IEA SHC Tasks, Task 44 / Annex 38 (T44A38) meets twice a year during two days 
where experts report the status and progress of their work and discuss new methods or tools 
for assessing and optimizing combinations of solar and heat pump. The task has been 
organized by the Operating Agent so as to separate important activities with clear 
boundaries and the minimum of overlapping. 
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Task Objectives 

The objective of this Task is the assessment of performances and relevance of combined 
systems using solar thermal and heat pumps, to provide common definition of performances 
of such systems and to contribute to successful market penetration of these new systems. 

Other objectives are needed to reach the main one where international collaboration is 
definitively needed to make it possible within a 4 years framework, mainly: 

 surveying the possible generic combinations; 
 defining performance figures of a combined solar and heat pump solution; 
 defining assessment and test methods of such systems; 
 analysing monitored data on such systems; 
 developing component models or integrating existing ones into a system model; 
 simulating various systems under common conditions; 
 providing guidelines of good practice to the market and stakeholder; 
 providing authorities with relevant information on the interest of such systems; 
 staying close to the market and bringing independent information and knowledge to 

the actors on this market along the duration of the Task. 

The scope of the Task considers solar thermal systems in combination with heat pumps, 
applied for the supply of domestic hot water and heating in family houses. 

 

Duration of Task 44 / Annex 38 

Task 44 / Annex 38 started in January 2010 and will end in December 2013. A number of 
deliverables will be available from time to time on the T44/A38 web site: 

http://www.iea-shc.org/task44/. 

 

  

Figure 1 and 2: S+HP system: Example of a system including PV-T collectors and ground heat exchanger 
coupled with a water-to-water heat pump (source: ISFH and Fraunhofer ISE). 
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Subtasks 
 

The work in this T44A38 is divided into four Subtasks: 

 Subtask A: Overview of solutions (existing, new) and generic systems, led by 
Sebastian Herkel from Fraunhofer ISE of Stuttgart, Germany; 

 Subtask B: Performance assessment, led by Ivan Malenkovic from the Austrian 
Institute of Technology (AIT); 

 Subtask C: Modelling and simulation, led by Michel Haller from the SPF in 
Rapperswil, Switzerland; 

 Subtask D: Dissemination and market support, led by Wolfram Sparber form the 
EURAC Research centre in Bolzano, Italy. 

IEA SHC Task 44 / HPP Annex 38
Solar and Heat Pump Systems

www.iea.shc.org/task44
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Subtask A: 

Solutions and generic systems 
 

Subtask Leader: 
Sebastian Herkel 
Fraunhofer ISE, Hiedenhofstrasse 2, 79110 Freiburg 
GERMANY 
email: sebastian.herkel@ise.fraunhofer.de 

 

 

The objective of Subtask A is to collect, create and disseminate information about the 
current and future solutions for combining solar heat pump systems. Both heat pumps and 
solar thermal collectors gained high popularity in the European market, as it can be seen in 
Figure 3. The similarity of these trends is striking, though unfortunately, it remains unknown 
to what extent the components were installed in combined systems. 

 

Figure 3: Market development of solar collectors (EU27+CH, data from ESTIF) and heat pumps (AT, CH, DE, FI, 
FR, IT, NO, SE, UK, data from EHPA) (elaborated by Fraunhofer ISE). 

 

A review of market-available systems was started within Subtask A in 2010. The aim is to 
provide a more detailed description for each system, including specifications of the main 
components, hydraulic schemes and market availability. Until today, 75 distinguishable 
products were found. By far most of them are offered by German or Austrian manufacturers, 
numerous systems also by Danish, French, Swiss and Swedish companies. Structured by 
the source of the heat pump used within these systems, the result appears as follows: 

 34 air; 
 34 ground; 
 2 water; 
 5 waste heat. 
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To visualize and to analyze even the most different concepts, a flow diagram has been 
developed. Exemplary applications can be seen in Figure 4. Here, all system components 
are shown against white background, namely energy-storing (blue) and energy-transforming 
(orange) objects. From above, environmental energy (green) enters the system, from left 
(grey) final energy or “energy to be purchased”. On the right, useful energy is recorded. The 
whole visualization remains on a qualitative level, i.e. neither losses nor component sizes 
nor efficiencies are shown. It is also important to know that all possible operational modes of 
the systems are shown within one single visualization scheme. 

 

Figure 4: Visualization schemes for typical solar heat pump systems (source: Fraunhofer ISE). 

  



Subtask B: 

Performance assessment 
 

Subtask Leader: 
Ivan Malenkovic 
AIT Austrian Institute of Technology, Giefinggasse 2, 1210 Vienna 
AUSTRIA 
email: ivan.malenkovic@ait.ac.at 

 

 

The objective of this subtask is to reach a common definition on performance figures for 
solar heat pump systems and define procedures for their assessment. This is an important 
goal since this technology presently lacks standardised quality assurance methods – a fact 
that can have a negative impact on the future market development. The results of the 
subtask should finally lead to a pre-normative definition of performance assessment 
methods for solar heat pump systems. The work is coordinated with a number of on-going 
activities concerning other, both heat pump and solar thermal applications and should 
provide a transparent basis for technology comparisons both on the economic and 
ecological levels. 

The output of the subtask should be used by the industry to communicate the performance 
of the systems they promote. To facilitate this, the first step was to propose a systematic 
approach regarding the definition of performance figures, Figure 5. 

 

Figure 5: Proposal for a systematic approach to the definition of performance figures for solar heat pump systems 
(source: AIT). 
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Based on an analysis of currently available standards for solar thermal and heat pump 
technologies, proposed approach includes clear nomenclature, definition of system 
boundaries and type of boundary conditions for the most important performance figures. 

A survey of existing solar heat pump systems yielded a variety of different configurations. It 
is therefore necessary for a widely applicable definition of performance figures to create a 
generic system which covers all available system configurations. 

In Figure 4, the elaborated generic system with an example of three system boundaries for 
the performance assessment of solar heat pump systems and their subsystems is shown. 
When choosing the boundaries and defining the performance figures, the following aims 
were considered: 

 Analysis of the system performance for development and optimisation;  
 Comparison of systems within the solar heat pump technology for quality assurance; 
 Comparison of solar heat pump systems with other technologies regarding economic 

and ecological aspects. 

 

Figure 6: Proposal for a systematic approach to the definition of performance figures for solar heat pump systems 
(source: AIT) 

 

Following the definition of performance figures, test methods as a basis for future quality 
assurance tools will be developed. Technical reports on measurement results from 
laboratory tests on different systems will be a part of the subtask output. 

Finally, the requirements for a quality label, comparable to existing marketing tools for solar 
thermal or heat pump technologies, will be discussed and work on needed standards 
initiated within respective standardisation committees (e.g. CEN or ISO).  



Subtask C: 

Modeling and simulation 
 

Subtask Leader: 
Michel Haller 
Institut für Solartechnik SPF, University of Applied Science Rapperswil HSR 
Oberseestrasse 10, 8640 Rapperswil 
SWITZERLAND 
email: michel.haller@solarenergy.ch 
 

 

For the evaluation and optimization of systems, detailed component and system models are 
needed. In Subtask C, those modeling tools for components and complete generic systems 
are compiled, used and compared. Different partners are carrying out simulations and 
sensitivity analysis on systems which are then used to identify important and less important 
features for different system configurations. Furthermore, the thermodynamics of heat pump 
processes that involve more than one heat source are analyzed. Based on the results of this 
subtask, accurate performance simulation and sizing of systems will be possible. 

A comparison of energy performance simulation results for different systems is only possible 
if the same boundary conditions for the domestic hot water demand and the building heat 
load were applied. Therefore, common boundary conditions have been defined and 
implemented on three different simulation platforms that are used within T44A38 (TRNSYS, 
Matlab-Simulink and IDA-ICE). 

A collection and documentation of state of the art simulation models for the different 
components in solar & heat pump systems has been elaborated. These collections include 
models for solar thermal collectors (flat plate, vacuum tube and uncovered), heat pumps (air-
source, ground source / brine source), ground heat exchange (vertical boreholes as well as 
horizontal collectors) and heat storage (sensible and latent). 

 

Figure 7: Building energy balances of a Single Family building with an annual heating demand of 45 
kWh/(m²year) for Strasbourg climate - SFH 45 - at three different reference location. 
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Figure 8: Frost on an uncovered solar collector operated below the dew point (source: Institut für Solartechnik 
SPF). 

 

Thermodynamic analysis of a heat pump that can use either heat from a solar thermal 
collector or heat from a different heat source (e.g. the air or the ground) has led to new 
knowledge that will influence the control algorithms of these systems in the field and lead to 
better energetic efficiency. 

The next steps in Subtask C will be to perform and compare simulations using the common 
boundary conditions, to validate component models and elaborate recommendations on 
which models to use for which simulation task, and to carry on with thermodynamic analysis 
of solar and heat pump systems. Finally, based on these simulations and analysis, sizing 
tools will be elaborated. 

  



Subtask D: 

Dissemination and market support 
 

Subtask Leader: 
Wolfram Sparber 
EURAC Research, Viale Druso 1, 39100 Bolzano 
ITALY 
email: wolfram.sparber@eurac.edu 

 

 

The objective of this subtask is to provide information on on-going R&D activities to the 
scientific community, industrial actors and to the public during the course of the Task so that 
the value added created by the participants can be transferred as fast as possible to a 
growing market.  

The communication of the running activities is organized via different communication 
channels. An important channel is the homepage of T44A38 where all main information and 
results are collected. Within the homepage it has been decided to collect not only material 
strictly from the task, but as well on topics which are related to the task. Therefore there are 
included the links to research and industry actors working in the field as well as links to other 
R&D projects researching within the topic. Furthermore within the download area scientific 
publications are listed which Task participants have published on international scientific 
conferences on solar and heat pump systems. 

 

Figure 9: view of the Task 44 / Annex 38 web page (www.iea-shc.org/task44) 
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In order to meet and discuss face to face the results and critical aspects industry workshops 
are organized in parallel to many of the half yearly Task meetings. These are usually 
organized within the language of the country in order to be of easy access as well to the 
local industry actors. 

At the end of the Task, next to the single technical reports there will be delivered two main 
documents. This in on the one hand a “Policy paper” where an overview of the development 
of the technology, the market entry and possible evolution, and the needed actions are 
presented in order to allow a market development based on high quality systems. 

On the other hand a technical handbook will be elaborated, including all main results of the 
task activities and experiences. This handbook will be distributed globally and is aimed as a 
reference document in the field of solar heat and heat pump systems. 

Furthermore Subtask D includes the following deliverables: 

 guidelines for planers and other target audiences: installation, commissioning, 
operation, with to do’s and not to do’s; 

 assessment of existing norms, regulations; 
 transfer new performance assessment methodologies to the target audiences; 
 education schemes and education material 
 newsletters; 
 participation in workshops and international conferences 
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1400 Yverdon-les-Bains 
SWITZERLAND 
www.heig-vd.ch 
 

 
 

 

Hochschule für angewandte 
Wissenschaften FH Ingolstadt 
Esplanade 10 
85049 Ingolstadt 
GERMANY 
www.haw-ingolstadt.de 
 

 
 

 

ISFH 
Institut für Solarenergieforschung GmbH 
Hameln/Emmerthal 
Am Ohrberg 1 
31860 Emmerthal 
GERMANY 
www.isfh.de 

 
 

   
 

ITW 
Stuttgart University 
Institut für Thermodynamik und 
Wärmetechnik (ITW) 
Pfaffenwaldring 6 
0550 Stuttgart 
www.itw.uni-stuttgart.de 
 

 
 

 

KTH Royal Institute of Technology 
Kungl Tekniska Högskolan, SE-100 44 
STOCKHOLM 
SWEDEN 
www.kth.se 
 
 

 
 

 

Lessius Mechelen campus De Nayer 
Zandpoortvest 13 
2800 Mechelen 
BELGIUM 
www.tugraz.at 
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Lessius Mechelen campus De Nayer 
Zandpoortvest 13 
2800 Mechelen 
BELGIUM 
www.lessius.eu 
 

 

 

LNEG 
Laboratorio Nacional de Energia e 
Geologia 
Estrada do Paço do Lumiar, 22 
1649-038 Lisboa 
PORTUGAL 
www.lneg.pt 
 

 
 

 

 

Lund University 
Box 117 
221 00 Lund 
SWEDEN 
www.lunduniversity.lu.se 
 

 
 

   
 

Natural Resources Canada 
Innovation and Energy Technology 
Sector 
580 Booth Street, 13th floor 
Ottawa, ON K1A 0E4 
www.canmetenergy.gc.ca 
 
 

 
 

 

NREL 
National Renewable Energy Laboratory 
1617 Cole Blvd. 
Golden, CO 80401-3305 
UNITED STATES 
www.nrel.gov 
 
 
 

 
 

 

Politecnico di Milano 
Dipartimento di Energia 
Via Lambruschini 4 
20156 Milano 
ITALY 
www.polomi.it 
 
 

 
 

   
 

RDmes 
Institut Politècnic Campus Terrassa 
(IPCT), TR21, Sala 16 
Crta. Terrassa N-150 Km 14.5 
08227 Terrassa 
Barcelona 
SPAIN 
www.rdmes.com 
 

 
 

 

Rheem Manufacturing Company 
1100 Abernathy Road, Suite 1400 
Atlanta, GA 30328 
UNITED STATES 
www.rheem.com 
 
 

 

 

 

Sandia National Laboratories 
PO Box 5800 
Alburquerque, NM 87185 
UNITED STATES 
www.sandia.gov 
 
 
 

 

   
 

Schüco International KG 
Karolinenstraße 1-15 
33609 Bielefeld 
GERMANY 
www.schueco.com 
 
 
 
 
 

 
 

 

SERC 
Solar Energy Research Center 
School of Industrial Technology and 
Management 
Högskolan Dalarna 
78188 Borlänge 
www.du.de 
 

 

 

Sonnenkraft GmbH 
Clermont-Ferrand-Allee 34 
93049 Regensburg 
GERMANY 
www.sonnenkraft.com 
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SP 
Technical Research Institute of Sweden 
Box 857 
SE-501 15 
Borås 
SWEDEN 
 

 

 

SPF 
Institut für Solartechnik 
Hochschule für Technik Rapperswil 
HSR 
Oberseestrasse 10 
CH-8640 Rapperswil 
SWITZERLAND 
www.solarenergy.ch 
 

 

 

TU Graz 
Technische Universität Graz 
Institut für Wärmetechnik (IWT) 
Infeldgasse 25/B 
8010 Graz 
AUSTRIA 
www.tugraz.at 
 

 

   
 

University of Geneve 
Bd du Pont-d'Arve 40 
1211 GENÈVE 
SWITZERLAND 
www.unige.ch 
 

 
 

 

Univerisity of Innsbruck 
Innrain 52 
6020 Innsbruck 
AUSTRIA 
www.uibk.ac.at 
 

 

 

University of Applied Sciences of 
Stuttgart 
Schellingstr.24 
70174 Stuttgart 
www.hft-stuttgart.de 
 
 

 

   
 

University of Palermo 
Dept. DREAM 
Viale delle Scienze 9 
90128 Palermo 
ITALY 
www.dream.unipa.it 
 

 
 

 

Universitat Politècnica da València 
Camino de Vera 
46022 Valencia 
SPAIN 
www.upv.es 
 
 
 

 
 

 

Vela Solaris 
Brahmstraße 21 
63768 Hösbach 
GERMANY 
www.polysun.ch 
 
 
 
 

 

   
 

Wagner & Co. Solar Technology 
Unit 2, Keynor Farm  
Sidlesham, Chichester 
West Sussex PO20 7NQ 
UNITED KINGDOM 
www.wagner-solaruk.com 
 

 
 

 

Western Renewables Group 
30012 Aventura, Suite A 
CA 92688, Rancho Santa Margarita 
UNITED STATES 
www.westernrenewables.com 
 

 

3S Swiss Solar Systems AG 
Schachenweg 24 
3250 Lyss 
SWITZERLAND 
www.3s-pv.ch 
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