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Abstract – At the beginning of 2003 the four year long research project REBUS on education, research, 
development and demonstration of competitive solar combisystems was launched. Research groups in 
Norway, Denmark, Sweden and Latvia are working together with partners from industry on innovative 
solutions for solar heating in the Nordic countries. Existing system concepts have been analyzed and 
based on the results new system designs have been developed. The proposed solutions have to fulfill 
country specific technical, sociological and cost requirements. Due to the similar demands on the systems 
in Denmark and Sweden it has been decided to develop a common system concept for both countries, 
which increases the market potential for the manufacturer. The focus of the development is on systems 
for the large number of rather well insulated existing single family houses. In close collaboration with the 
industrial partners a system concept has been developed that is characterized by its high compactness and 
flexibility. It allows the use of different types of boilers, heating distribution systems and a variable store 
and collector size. Two prototypes have been built, one for the Danish market with a gas boiler, and one 
for the Swedish market with a pellet boiler as auxiliary heater. After intensive testing and eventual 
further improvements at least two systems will be installed and monitored in demonstration houses. The 
systems have been modeled in TRNSYS and the simulation results will be used to further improve the 
system and evaluate the system performance. 

 

 

1. BACKGROUND 

Today approximately 30000 solar heating systems 
(domestic hot water and combisystems) are installed in 
Denmark (Ellehauge , 2005b) and 20000 are installed in 
Sweden. Most Danish systems are solar domestic hot 
water systems – 86 % of the installed collector area - with 
about 4 m2 solar collectors on average. In Sweden 70-80 
% of the glazed and vacuum collectors are installed in 
solar combisystems with an average of 12 m2 per system 
(Weiss, Bergmann and Fanninger, 2004),(SEAS, 2004). 
The market for small solar heating systems in Denmark is 
stagnating whereas in Sweden an increase can be noticed 
of about 7% to 10 % per year (2001) (SEAS, 2004). In 
Austria with almost the same population as Sweden 
210000 DHW and 28300 solar combisystems are 
installed with on average 6 and 12 m2 respectively (Fink 
and Blümel, 2002). Why are there such a low number of 
installations in Sweden and Denmark compared to a 
country like Austria? 

The reasons are various: historical, cultural, 
geographical and political conditions are less favorable 
for the use of solar energy in the Scandinavian countries. 
Low electricity prices especially in Sweden have made it 
difficult for solar heating systems to compete with 
traditional heating systems. Another aspect is the suitable 

system design for different types of houses. Solar 
combisystems require sufficient space for installation, 
mainly for the solar store (to be able to reach reasonable 
solar fractions) and often also for the auxiliary boiler. In 
Sweden, therefore many solar combisystems have been 
installed in houses with a separate boiler room often in 
combination with a wood log boiler. Most houses built in 
the 70s and 80s do not have a boiler room and are heated 
with direct or water based electricity (SCB, 2002). Also 
many Danish houses have limited space available for the 
heating system. Space heating and domestic hot water 
units in Denmark are most commonly built in cabinets of 
60x60cm as for household appliances, allowing the 
installation in non-boiler rooms. The limited space 
demand has also resulted in smaller solar heating systems 
mainly pure solar domestic hot water systems. The 
development of compact solar combisystem suitable for 
these types of houses will be one step forward to promote 
the market for solar heating in Denmark and Sweden. 

The solar thermal market in Europe has shown 
substantial growth over the past decade. The glazed 
installed collector area has on average increased by 12 % 
per year (ESTIF, 2003). It can be assumed that also the 
number of solar combisystems has significantly 



increased. Several new system concepts have been 
developed in the recent years in various countries. Task 
26 Solar Combisystems within the framework of the 
Solar Heating and Cooling Programm (SHC) of the 
International Energy Agency (IEA) gave an overview of 
the existing solar combisystems. The systems have been 
analysed and documented. Based on computer 
simulations the different systems have also been 
compared with each other (Weiss, 2003). Furthermore, 
the demonstration project  “Solar Combisystems” within 
the framework of the ALTENER program was concerned 
with this topic. Here the focus was on performance 
investigation of solar combisystems in practice. More 
than 200 solar combisystems have been planned, built 
and documented, while 39 have been monitored 
(Ellehauge, 2005a). 

The results from these two research projects have been 
the start point for the research project REBUS. Task 26 
and ALTENER showed that a large variety of systems 
exist in Europe. The most important ones have been 
chosen and investigated in detail. The systems vary very 
much in collector and store size. The hydraulic design is 
often influenced by the traditions of HVAC installations 
in the different countries, but also by the typical available 
space in the buildings. 

The aim of REBUS is to develop competitive solar 
combisystems for the Northern countries. REBUS is 
financed by the Nordic Energy Research. Participating 
countries are Norway, Denmark, Sweden and Latvia. The 
five involved Universities are going to develop country 
specific solutions in close collaboration with industrial 
partners. 
 
1.1 Solar combisystems for Nordic countries 

The space problem in many houses in Denmark and 
Sweden induce the placement of the system in areas of 
the building that are not necessarily used for such a 
purpose, e.g. the laundry or a hobby room. Consequently, 
the heating system should be built in the same 
dimensions as other household appliances that are placed 
in such a room. Typically household appliances are built 
in 60 cm by 60 cm units with different heights. Also the 
Danish company Metro Therm A/S, that is the main 
industrial partner in the project, is building its water 
heaters and storage tanks in these dimensions since this a 
stringent requirement on the Danish market. The OEM 
products of Metro Therm are also marketed by several 
other manufacturers under their own name. The used 
cabinets allow with their attractive appearance also an 
installation in frequently used parts of the house. With an 
appealing design of the cabinet even an installation in the 
kitchen is imaginable. 

A requirement from the industrial partner was that such 
a system needs to offer a high level of flexibility for the 
choice of the auxiliary heater. In Denmark gas is the most 
suitable auxiliary energy source due to the high 
availability and reasonable prices for the boilers. For the 
Danish system this means that it should be possible to use 

gas boilers from different manufacturers, especially those 
who are already used in other systems by Metro Therm. 
In Sweden the use of wood pellets is favourable due to 
low prices compared with electricity and oil, a developed 
net of distributors for pellets throughout the country and a 
developed market for pellet boilers and stoves. The 
concept should allow both types of boilers, gas and pellet, 
to be used in the system. 

Moreover the economy, mainly the investment costs, is 
an important key figure for our system, more than for 
example in Austria or Germany. Unlike in these countries 
the costumers in Scandinavia are mostly not willing to 
invest extra in a heating system with environmental 
benefits. Although in Scandinavia people have a well 
developed environmental awareness the attitude of being 
a proud owner of an environmental friendly heating 
system is not yet very common. This means that the 
competition for solar/pellet heating systems with 
conventional systems is harder than in the middle of 
Europe and a new developed system needs to be 
attractive also with its price. 

As described, the main targets for the new solar 
combisystem are existing houses with little space for a 
heating system. It needs to be mentioned again since for 
other buildings, especially new buildings, also other 
solutions are possible, especially when the house and the 
heating systems are planned together. One interesting 
solution for new houses is for example the system which 
is further developed within REBUS in Norway. It’s a low 
temperature drain back system based on plastic 
collectors, a large solar store and floor heat distribution 
(Rekstad, 2003). 
 
2. SYSTEM CONCEPT 
 

Several system concepts with different store, boiler, 
space and hot water preparation concepts have been 
proposed and simulated by Alexander Thür at DTU. In 
following discussions with the industrial partners the 
concepts have been evaluated. Beside the thermal 
performance mainly the production costs of the store and 
the compactness of the system in order to integrate it into 
a 60x60 dimension proved to be the decisive points for 
the choice of the concept. Due to the fact that the same 
concept should be used in Denmark and Sweden also the 
possibility to integrate a gas or pellet boiler as auxiliary 
heat source was important for the decision. 

The finally chosen concept is based on a simple buffer 
tank with pipe in- and outlets inserted from the bottom of 
the tank as already produced by Metro Therm. The solar 
circuit and the hot water preparation is connected to the 
tank by external flat plate heat exchangers. The space 
heating and hot water are prepared in parallel with the 
same speed controlled circulation pump using heat from 
different levels of the tank. In order to keep a good 
stratification the return flow from the domestic water heat 
exchanger and space heating is supplied to two different 
levels of the tank depending on the return temperature. A 



good stratification for the forward flow from the solar 
circuit is achieved by a stratifying unit (e.g. SOLVIS) or 
alternatively with two or three inlet pipes in different 
heights of the tank. The boiler is integrated into the 
demand circuit resulting in a solar preheat system. 

Two main solution of the Danish/Swedish concept have 
been proposed; one with only one (solar) store; and one 
with two stores, the solar store and a standby store in the 
technical unit. The one store solution is suitable for the 
use with a gas boiler that can directly provide enough 
heat to cover the highest hot water demand (30-35 kW) 
and is also fast enough to provide the power within few 
seconds. For smaller (simpler, less expensive, but maybe 
not condensing) gas boilers with a power below 30 kW 
and for pellet boilers a second store is necessary. This 
store contains a standby volume that when heated can 
provide the peak power for the DHW demand. The size 
of the standby store depends on the size of the boiler and 
the time delay until the boiler can provide heat with a 
certain set temperature. 
 
2.1 Compact design 

From the basic concept it has been decided to integrate 
all hydraulic system components in two 60x60cm 
cabinets. One cabinet contains the solar tank, in the 
following called solar store unit, and the second cabinet 
contains all other hydraulic components including the 
boiler, in the following called technical unit (figure 1). 

Due to its compact size the integration of a gas boiler in a 
cabinet of 2m height is no problem. The integration of the 
pellet boiler is more challenging, since typical small sized 
pellet boilers require already more than half of the space 
of such a cabinet. A promising solution has been found 
by using the very compact combustion unit of a water 
mantled 12 kW stove with the size of 85x42x31cm. The 
integration of this unit implies several modifications for 
the pellet transport system and the internal combustion 
control due to changed heat transfer properties. The 
system concept can have a separate boiler, but this uses a 
larger floor area. 

The system variant with the pellet boiler also requires a 
pellet store, which can be placed in another room or 
outside the building. Such a store could be also built in a 
third 60x60 cabinet placed beside the other two cabinets. 
 
2.2 Hydraulic concept  

The demand circuit uses only one pump for the DHW 
and space heating preparation. The combination of a fast 
mixing valve and a speed controlled pump regulates the 
forward temperature for DHW and SH and the pressure 
drop in the radiator circuit in order to keep the return 
temperature as small as possible. 

The hot water preparation with an external flat plate 
heat exchanger ensures hygienic fresh hot water so that 
no preventions for legionella are necessary. 

 

 
Fig. 1.  REBUS system concept with two 60x60 units 
 



 
The formation of lime stone is prevented by limiting the 

supply temperature by the mixing valve to maximally 55 
ºC. Depending on the return temperature from the DHW 
preparation/space heating system and the temperature in 
the tank the return flow is directed in different heights of 
the store or directly to the inlet of the boiler to keep the 
bottom of the tank as cold as possible. With a fast 
switching valve the operation is changed from space 
heating to DHW preparation or vice versa, based on a 
flow or temperature sensor in the DHW circuit.  

The boiler is connected directly to the demand circuit 
and can provide heat directly to the load. If a gas boiler 
with sufficient power is used (~30kW) no store volume 
has to be kept heated since the gas boiler is fast and 
powerful enough to provide the DHW load on demand. If 
a smaller gas boiler or a pellet boiler is used a certain 
standby volume is required, which can be situated in a 
separated store in the technical unit or in the top of the 
tank in the solar store unit. The boiler should work with 
modulating power in order to achieve a long operation 
time and prevent emissions and low efficiency due to 
many starts and stops. The hydraulic concept also allows 
the boilers to supply heat for space heating and charging 
the standby volume at the same time if the space heating 
power is below the nominal power of the boiler. This 
ensures a high hot water comfort and it can be expected 
that this strategy is further reducing the number of start 
and stops.  

A lot of attention has been given to keep the pipes as 
short as possible to reduce heat losses. If necessary, a 
circulation pump for the DHW circuit can be added. The 
hydraulics and the algorithm of the integrated controller 
allow a floor heating system or radiators as heat 
distribution system. 
 
2.3 Solar store unit 

The solar store unit contains a simple buffer store with 
no internal heat exchangers. For the first prototype all 
inlets and outlets are realised with 18 mm PEX (cross-
linked Polyethylene (PPFA, 2005)) pipes. The pipes are 
closed at the end and have holes on the sides near the end 
ensuring horizontal charging and discharging and 
preventing mixing of the store. This is a rather simple and 
low cost solution to achieve and maintain stratification in 
the tank. To reduce the heat transfer to the cold part in the 
bottom a second PEX pipe is placed over the inlet and 
outlet pipes going to the top or middle of the tank. The 
prototypes are also prepared so that other stratifying 
devices can be tested. In addition, external connections 
are available giving the possibility to compare heat losses 
from internal and external connections. Investigations 
will be carried out to test which solution is best in terms 
of energy and economy.  

The external connections, if all in the bottom of the 
store, simplify the integration in a 60x60 (290 litre) or 
70x70 (450 litre) cabinet and allow insulation with very 
few thermal bridges. The store is totally foamed with 

Polyurethane and is put on the bottom frame without any 
metallic connection. Since no fresh water is stored in 
principal no corrosion protection is necessary. 
 
2.4. Auxiliary heater - natural gas boiler 

A 24 kW (28.5 kWpeak for DHW-preparation) 
condensing natural gas boiler is used for the first Danish 
prototype. The boiler is modulating and the power is 
controlled with a voltage signal from the system 
controller. Principally, also a smaller and simpler gas 
boiler can be used provided that a standby volume can be 
heated to cover the peak load of domestic hot water.  
 
2.5 Auxiliary heater- pellet boiler 

The Swedish system variant uses a 12 kW pellet boiler 
with modulating power. Basically, the boiler is based on 
the combustion unit of a water mantled stove (figure 2). 
The stove front has been modified by replacing the front 
window by a stainless steel door. Furthermore, the 
surface of the stove has been insulated with mineral wool 
to minimize the heat losses to the ambient. The inbuilt 
controller modulates the power down to the minimal 
combustion power of 3.6 kW when the set temperature 
for the forward temperature is reached. The pellets are 
fed into the combustion chamber from the top through a 
falling shaft. In the original stove the pellets are fed with 
a short feeding screw from an integrated pellet store of 48 
kg pellets as it can be seen in figure 2. The limited space 
in the cabinet of the technical unit does not allow the use 
of this pellet store. Instead an external pellet store with a 
larger capacity, that can even be placed in another room 
or outside the building, is connected to the boiler by a 
flexible screw conveyor. The larger capacity simplifies 
the use for the costumer since less refills are necessary. 

A second auxiliary heater will be integrated in the 
Swedish system. An electrical heater located in the 
standby store will deliver heat during periods with 
maintenance of the pellet boiler and during the summer 
months when the boiler is turned off and not enough solar 
heat is available. 



 
Fig. 2. Cross section original water mantled pellet stove 
(RIKA , 2005) 
 
 
3. ACTUAL STATUS OF THE DEVELOPMENT 
 

Two prototypes, one with a gas boiler, and one with a 
pellet boiler have been built in close collaboration with 
the industrial partners. The prototypes will be tested in 
the coming months at DTU and SERC respectively. It has 
been shown that the available space for the hydraulic 
components and the boiler in the technical unit was 
sufficient. Due to the changed heat transfer distribution 
inside the combustion chamber of the boiler it has been 
shown that the combustion control needs to be modified.  

Figure 3 shows the actual prototype of the Swedish 
system variant (left picture) and the prototype of the 
Danish system variant (right picture). The technical unit 
of the Swedish system which can be seen on the left side 
contains the standby store (1), the DHW/SH preparation 
module (2), the pellet boiler (3) and the solar module (4). 
The solar store unit (5) can be seen right beside the 
technical unit. The Danish system used the same modules 
except  the gas boiler (6) that is placed in the top of the 
technical unit. 

The coming months will be used to test the function of 
the system especially the function of the new developed 
controller and controller software and to identify system 
parameters for computer simulations.  

The system concept has been modeled and simulated 
with the dynamic simulation tool TRNSYS (Klein et al., 
2002) to evaluate the thermal performance of the systems. 
Parameter and detailed design studies will be performed 
and calculated results will be compared to the prototype 

measurements in order to validate the simulation model 
and the validated model will then be used to optimize the 
system design.  
Performance data will also be obtained from the 
measurements at the demonstration sites. At least one 
prototype of each variant, one with gas boiler, and one 
with a pellet boiler, will be installed in a demonstration 
house in Denmark and Sweden respectively after the 
testing in the lab. Additional measurements are also 
planned for the lab.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



   
Fig. 3. Prototype of the Swedish combisystem (left), Prototype of the Danish combisystem (right). 
 
 
4. PRELIMINARY MEASUREMENT RESULTS 
PELLET BOILER 
 

As already mentioned modifications have been carried 
out to convert the original combustion unit of a pellet 
stove into a pellet boiler. The glazed front window has 
been replaced by a stainless steel door, flush air openings 
for cleaning the window have been closed and the unit 
has been insulated with 4 cm mineral wool.  Furthermore 
the pellet transport system to the boiler has been 
modified. Instead of a short rigid feeding screw feeding 
the pellets from the integrated pellet store a 2 m long 
flexible feeding screw is used that can be connected to 
larger external pellet stores. Due to the different geometry 
of the screw the rotational speed has been modified to 
achieve the original feeding rate. 

After finishing the modifications the boiler was tested to 
find out how the changed heat transfer properties would 
influence the thermal performance of the boiler. The tests 
have been performed with high and low heat load and all 
relevant temperatures and mass flows as well as flue 
gases have been measured. From these data the heat 
flows to the liquid, flue gas and ambient have been 
calculated. The results can be found in table 1 compared 
to the test results of the Austrian test institute 
“Bundesanstalt für Landtechnik (BLT)” that has tested 
and certified the stove to be in accordance with the actual 
Austrian regulations for wood pellet stoves (BLT, 2003). 
The tests at SERC have not exactly been performed under 

the same conditions, but close enough to make some 
comparisons of the thermal performance and emissions. It 
can be clearly seen that the flue gas losses have increased 
significantly after the modifications. This is due to the 
increased excess air flow through the combustion unit, 
which explains also the low CO2 values. The combustion 
temperature is cooled down resulting also in significant 
higher CO values. The efficiency of the heat transfer to 
the liquid has increased despite higher flue gas losses, 
which can be attributed to the added insulation of the 
combustion unit and the replace front window. If the 
combustion unit is used in a stove the heat flow to the 
ambient is wanted since it is contributing to the space 
heating. If the combustion unit is used in a boiler most of 
this energy can be considered as heat losses. An 
improved insulation will be necessary to reach thermal 
efficiencies higher than 85 %.  

The flue gas losses of the modified combustion unit 
should not exceed the values of the original combustion 
unit. The modifications have clearly changed the 
combustion properties. The combustion control is based 
on an adaptive control of the combustion temperature. 
This has certainly been influenced by the changes, so that 
modifications of the parameters of the combustion 
controller algorithm will be necessary. A manual 
reduction of the excess air has shown that almost similar 
efficiencies as for the unmodified combustion unit can be 
reached. 

 

 



Table 1  
Comparison of measurement results of the original and modified stove/boiler 
 

Parameter 
Original stove, 
miminal power 
(BLT)  

Original stove, 
nominal power 
(BLT) 

Modified 
stove/boiler, low 
power (SERC) 

Modified 
stove/boiler, high 
power (SERC) 

Supplied amount of fuel 0.8 kg/hr 2.5 kg/hr 1.34 kg/hr 2.25 kg/hr 

Average inlet/outlet 
temperature 54.7 ºC /79.8 ºC 54.2 ºC /77,2 ºC 71.0 ºC /77.8 ºC 50.0 ºC /63.3 ºC 

Flue gas temperature 74 ºC 138 ºC 113 ºC 128 ºC 

Fuel capacity 3.6 kW 12.1 kW 6.4 kW 10.9 kW 

Heat flow liquid 69% 76% 69% 83% 

Heat flow flue gas 6% 9% 14% 11% 

Heat flow ambient 25% 15% 17% 6% 

Concentration of CO2 5.6% 9.8% 4.4% 6.8% 

Concentration of CO 180 ppm 146 ppm 525 ppm 484 ppm 
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