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1 Introduction 

The combination of solar thermal and heat pump systems is not new [1-3]. 
Several companies offered system combinations which, in most cases, 
were operating in parallel delivering heat to a common storage tank. 
Different hydraulic schematics including one or more storages, pumps etc. 
were used. Although a number of research groups reported on systems with 
a more complex configuration, there were but a few known systems 
available on the market. 

In recent years, however, quite a large number of solar thermal and heat 
pump systems (SHP systems) were marketed as packaged solutions for 
domestic applications (domestic hot water preparation and / or heating with 
an optional cooling function) by several companies in different European 
countries. These products feature a number of different configurations and 
control strategies. This enables them to interact in different ways, 
depending on the given operating conditions. An overview of the most 
common configurations can be found e.g. in [4] or [5]. This quite sudden 
market development was accompanied by lively research activities on that 
field – a tendency that is still on-going. 

As stated in Technical Report 5.1.2 of Deliverable 5.1 [6], there are 
currently no test procedures for SHP systems available. This can have a 
negative impact on future market development of the technology. 
Nevertheless, some research groups are currently working on the 
development of such procedures, as described in Technical Report 5.1.4 [7] 
of Deliverable 5.1. These test procedures can be roughly divided into two 
main groups: 

- procedures based on component tests under steady-state/transient 
operating conditions, parameter identification of components and/or 
subsystems and simulation of the whole system for defined, 
transient boundary conditions; 

- procedures based on the laboratory measurement of the whole 
system or at least major system parts under different steady-state 
and/or transient operating conditions with possible emulation of 
system parts. The results are used for model parameterisation 
and/or extrapolation of the results for defined, transient boundary 
conditions (i.e. to obtain seasonal system performance or 
efficiency). 

From the market point of view, it is very important to be able to cover all (or 
at least the most common) system components and system configurations 
(or operating modes) by the test procedures. This also includes the 
definition of different operating conditions for testing. In this context, it is 
important to obtain a good overview of the variety of the products on the 
market and their main characteristics and to try to classify the systems for 
future development of testing and rating methods. 
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A questionnaire covering the main aspects of possible interactions between 
the heat pump and the solar thermal subsystems, intended applications, 
component types and interaction with the environment was developed and 
distributed by the project partners in each of the participating countries 
within the project. The questionnaire is shown in Annex I. The filled 
questionnaires for all collected SHP systems were collated in separate 
Annex II to this document, which will not be publicly available. 

Additionally, an agreement with IEA SHC Task 44 / HPP Annex 38 “Solar 
and Heat Pumps” was reached regarding information exchange, which 
included SHP system overview.  

It should be mentioned, that the nomenclature used in Figure 1 of the 
questionnaire has been changed in the course of the project (see Figure 3).  

2 Evaluation and categorisation of SHP 
systems 

The survey included the following EU countries: Austria, Denmark, France, 
Germany, Greece, Italy, Portugal, Spain, Sweden and Switzerland1. 96 
products from 65 companies were collected and evaluated.  Figure 1 shows 
the distribution of companies and products by the country of origin. 

 

 

 

 

 

 

(a) (b) 

Figure 1: Distribution of companies (a) and products (b) by country 

 

                                                
1
 In the course of the survey, one product from Japan was also found to be sold on 

the European markets and was included in the review. 
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The systems were analysed according to the following characteristics: 

- intended application (heating, domestic hot water, cooling); 
- general type of system configuration; 
- possibility to operate in different operation modes; 
- interaction between solar thermal and heat pump subsystems; 
- type of collector; 
- source of the heat pump. 

Most of the systems were designed for combined heating and domestic hot 
water preparation, 81 %. Around 17 % of the products were used for 
domestic hot water only. Only 2 products form one company (2 %) were 
intended for heating only.  

From all the systems covered by the survey, 21 % was designed also for 
cooling purposes. All systems designed from cooling were at the same time 
combined systems for heating and DHW preparation. Around half of these 
systems (43 %) were ground-coupled and capable of free cooling.  

An overview is shown in Figure 2. 

 

Figure 2: Intended applications of the reviewed SHP systems 

Analysing the systems, the following principal operation possibilities or 
operation modes were observed: 

- combination of solar thermal and heat pump where both subsystems 
deliver heat to a common storage but do not interact otherwise 
(“system combination” in Figure 3 or “parallel systems” in [5]); 

 

- integration of solar thermal and heat pump where both subsystems 
can interact in order to increase the temperature of the heat pump 
source (“system interaction” in Figure 3 or “serial systems” in [5]: 
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- the heat from the solar thermal system is used to regenerate 
the heat pump source when either there is a surplus of useful 
heat (e.g. warm, sunny days) or the temperature level of the 
heat provided by the solar thermal system is insufficient for 
direct use. The heat source can be e.g. a low temperature 
storage or a ground coupled collector (“passive interaction” 
in Figure 3); 

 

- the heat from the solar system is used directly as the source 
of the heat pump while it is in operation (“active interaction” 
in Figure 3). It can increase the temperature of the primary 
source (e.g. pre-heating of the ambient air) or it can be the 
sole heat source (e.g. direct evaporation in the collectors or 
heat transfer to the evaporator over a heat transfer fluid). 

Some of the systems can operate in more than one of the modes described, 
depending on the hydraulic configuration and control strategies 
implemented by the manufacturer. An overview of the operation modes is 
shown in Figure 3. The nomenclature from this figure is used in the further 
text with some references to the nomenclature of the questionnaire 
(Annex 1). 

 

Figure 3: Operation modes of SHP systems covered by the survey 

 

From the collected systems, 56 % are designed to operate as a 
combination where the heat pump and the solar thermal subsystems do not 
interact, but deliver heat to a common storage tank. In the questionnaire 
(Annex 1), this configuration is referred to as “not fully integrated”. In the 
remaining 44 % of the systems, the solar thermal and the heat pump 
subsystems have a higher level of integration – they can interact in different 
manners, as explained above. These systems are referred to in the 
questionnaire as “system integration”.  
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Figure 4: SHP system configuration 

In about a quarter (26 %) of the “integrated” systems, the solar heat was 
used only as a low temperature (LT) heat at the evaporator for the heat 
pump. In other systems, solar heat was also directly used at higher 
temperature (HT) levels as the useful heat for DHW and/or heating. 
Classification of SHP systems by basic configuration is shown in Figure 4.  

In about 70 % of the analysed systems with high level of integration, the 
solar heat could directly be used as the source for the heat pump, either 
indirectly, over a heat transfer fluid (57 %), for ambient air preheating, or 
through direct expansion in the solar collector (14 %), Figure 5. In about 
20 % of the systems, the solar heat could either be used directly at the 
evaporator of the heat pump or stored for later usage, depending on the 
current demand. As low temperature storage, mostly ground is used. 
However, there are 10 systems among the collected ones with a sensible 
(8) or latent (2) heat storage as the heat source for the heat pump.  

 

Figure 5: Coupling of solar and heat pump subsystems in integrated configurations 
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In combined systems, the most common heat sources for the heat pump 
are ground (37 %) and ambient air (48 %). Only 4 % of the products are 
designed for groundwater. There are 13 % of the systems which have an 
integrated air-handling function and they use exhaust air as heat source. 
Full overview is shown in Figure 6. 

In these systems, only glazed flat plate collectors were used. In integrated 
systems, different collector types were used, according to the system 
configuration, Figure 7. Almost a third (31 %) of these systems have 
unglazed collectors. 

 

Figure 6: Heat sources for heat pump in combined systems 

 

 

Figure 7: Collector types of integrated SHP systems 
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Annex I: Questionnaire for the overview of 
existing SHP systems 
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