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Abstract 

Within the frame of the project REBUS, “Competitive solar heating systems for residential 
buildings”, which is financed by Nordic Energy Research, a new type of compact solar 
combisystem with high degree of prefabrication was developed. A hydraulic and control concept 
was designed with the goal to get highest system efficiency for use with either a condensing 
natural gas boiler or a pellet boiler. Especially when using the potential of high peak power of 
modern condensing natural gas boilers, a new operation strategy of a natural gas boiler/solar 
combisystem can increase the energy savings of a small solar combisystem by about 80% 
compared to conventional operation strategies. 
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1. Introduction 
In the Scandinavian countries, Denmark, Norway, Sweden and Latvia, the REBUS project 
“Competitive solar heating systems for residential buildings” [1] was started in 2003 and will last 
until the end of 2006. Its goal is to develop new concepts for competitive solar combisystems in 
close cooperation with industry partners. These solar combisystems shall cover up to 50% of the 
total heat demand of old or new built one-family houses. In addition, educational activities were 
carried out: several Ph.D. courses and workshops were organized, and 3 Ph.D. studies and one 
post.doc. study are carried out and financed by the project. This project is also linked to the EU 
project NEGST “New generation of solar thermal systems” where, on a European level, know-
how transfer is coordinated in order to develop improved solar heating systems. 

The REBUS partners in Denmark and Norway [2] are concentrating on solar combisystems in 
combination with a natural gas boiler, and the partners in Sweden [3] and Latvia are working on 
solar combisystems in combination with pellet boiler. Further on, in Norway and Sweden part of 
the work is also on improved building integration of solar collectors. The compact system 
described here has been developed in detail by the Dept. of Civil Engineering at the Technical 
University of Denmark (DTU) and the Solar Energy Research Center (SERC) at Dalarna 
University College. 

2. Boundary conditions for a Danish/Swedish solar combisystem 
The Danish energy sources for heating residential buildings are mainly based on natural gas or 
district heating. That is why a concept of a solar combisystem in combination with a condensing 
natural gas boiler is developed in Denmark in close cooperation with the Danish main industry 
partner, Metro Therm A/S. In Sweden, pellet heating is the most common auxiliary heater in solar 
combisystems. In addition there are many electrically heated houses that will be converted to 
other heating forms in the next few years due to governmental incentive mechanisms, and this 
system is designed to be able to do that. Further main boundary conditions are: 

 
• Till now, in Denmark solar combisystems are relatively small. Typical design figures are 8 m2 
collector area and 300 litre domestic hot water storage, where the collector loop is directly 
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connected to the space heating loop via a plate heat exchanger. This system design does not allow 
storage of solar heat in a water tank for space heating, therefore the solar fraction is very low. In 
the last years, larger systems using several types of tank in tank concepts are used. Also due to the 
rising energy prices it is expected that the demand of competitive, advanced and compact solar 
combisystems is getting larger in future. 
• One-family houses in Denmark typically have no basement. Therefore also no technical rooms 
exist where a lot of space is available to install the heating system. Due to this fact, heating 
systems are more or less integrated in the living area, which means that they are situated e.g. in 
the entrance room, the bathroom, the kitchen or a store room of daily use. Because the heating 
system is optically present in the living area, it is a strong need to have a nice design and to have 
all the pipes and other components hidden behind an optically nice façade. Also the space 
requirement for the installation should be minimized. 
• Since, due to the small market, the experience of installers in solar heating technology is 
typically rather low, a high degree of prefabrication of the solar combisystem is the best solution 
to avoid installation mistakes and further on bad reputation of this technology. Prefabrication 
typically also reduces the installation cost and increases the efficiency of the whole system. 
• The system design shall be flexible in order to be able to integrate boilers from different 
producers and different types of boiler (e.g. natural gas-, oil-, pellet boiler) as well. The system 
concept should also be easily usable for different system sizes which means solar heating systems 
with low to high solar fraction. A main focus shall be to develop a system concept including an 
advanced control algorithm which leads to best possible operating conditions for both the 
condensing natural gas boiler and the solar collector in order to get the highest possible overall 
system performance. 

3. Description of the system 
Based on the boundary conditions described above, the following system concept was developed, 
a design study of which is shown in Fig. 1. The solar combisystem consists of two main units, the 
solar store unit and the technical unit. 

The solar store unit can look like in Fig. 1, when it is integrated in a compact and nice looking 
60 x 60 cm cabinet, as long as the volume is less than about 400 litres. For larger volumes, 
several such units can be connected in series and placed side by side. For reduced heat losses also 
a large single tank can be used which allows a hydraulic connection to the technical unit as it is 
needed according to the system concept (see also Fig. 3). 

The technical unit includes the controller and all hydraulic components (pumps, valves, 
expansion vessel, heat exchangers, etc.) which are needed to collect energy from the heat sources 
(boiler and solar collector) and to distribute it in a most efficient way directly to the demand 
(space heating loop or domestic hot water preparation) or to store the energy with a minimum of 
exergy losses according to the temperature level of the energy input and the actual stratification in 
the tank. This technical unit can be delivered to the installation site totally prefabricated, also with 
the condensing natural gas boiler or a specially adapted pellet boiler inside, as shown in Fig. 2. 
Then the remaining installation work which needs to be done is only to connect the pipes between 
the technical unit and the solar tank and between the technical unit and the piping in the house 
(space heating, domestic hot water, solar loop, natural gas and exhaust pipe) plus some small 
electrical work. 
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Fig. 1. Design study of the compact solar combisystem as two 60 x 60 cm units: On the left side a 
solar tank and on the right side the prefabricated technical unit with integrated condensing natural 
gas boiler or pellet boiler and all the other components like pumps, switching valves, mixing 
valves, expansion vessels, plate heat exchanger, controller, etc. 

       

Fig. 2. On left side: The prototype in the laboratory of DTU with the technical unit (including the 
condensing natural gas boiler in the top part and the hydraulic components below) and a solar 
tank for testing purpose. 
In the middle the prototype of the technical unit at SERC (including an extra auxiliary tank at the 
top and some hydraulic components in front of the tank; below the tank a prototype of integrated 
pellet boiler is situated; further below the hydraulic components for the solar loop will be placed). 
On the right side the pellet boiler used as a pellet stove outside the technical unit is shown. 



Due to the modular approach and the fact that the technical unit (both pellet and gas versions) 
contains all parts necessary for a complete heating system, it can be sold on its own. It is then 
completely prepared for solar, which can be added at a later stage by installing the collector and 
connecting it to the technical unit and connecting the technical unit to the solar store by 5 pipes. 

Main criteria when developing this system concept was to optimize the operating conditions for 
the two energy sources solar collector and condensing natural gas boiler. For high efficiency, both 
need lowest possible return temperatures. Unfortunately most of the condensing natural gas 
boilers have integrated bypass valves, which are raising the return flow temperature if the flow 
rate is lower than the allowed minimum flow rate. Typically, this minimum flow rate is between 
450 and 800 litres/h. But a radiator space heating system is operating with flow rates between 100 
and 400 litres/h most time of the year. To make these different flow rates fit together, an auxiliary 
buffer volume is needed. 

In combination with condensing natural gas boilers, which have sufficient high peak power 
(about 30 kW) for direct hot water preparation an advanced control concept can be used. The 
main difference of this concept is to use the auxiliary volume as a buffer, but NOT to keep the 
auxiliary volume at a high set temperature (typically 60-70°C) for domestic hot water preparation. 
This is possible because the boiler is powerful enough to cover the domestic hot water demand 
directly. Therefore the boiler is always operating at lowest possible forward temperature 
including the possibility to use the auxiliary volume as a buffer. The advantage is due to several 
effects: 
• Especially in wintertime, the average tank temperature in the top part is comparable low and 
therefore also the heat loss of the tank is lower. 
• Since the average tank temperature in the top part is lower, this in fact is enlarging the heat 
capacity, which can be used by the solar collector to gain and store more solar energy into the 
same tank volume. Especially in small tanks (e.g. 90 litres auxiliary volume as part of a 300 litre 
tank) this can lead up to about 20% more useful heat capacity. 
• The average temperatures in the pipes connecting boiler and tank are lower and therefore again 
the heat losses are lower. This is also true for the hot forward flow pipe between the tank and the 
mixing valve. 
• Due to the lower temperature level the boiler in average is operated, higher condensation rates 
of a condensing natural gas boiler can be expected which is increasing the boiler efficiency. 
• Using an auxiliary buffer volume also is dramatically reducing the start/stop frequency of the 
boiler which has positive effects on reliability of the boiler components and the flue gas quality. 

4. Simulation results 
To calculate the advantage of this operation strategy, the developed solar combisystem shown in 
Fig. 3 was modelled with the simulation tool TRNSYS16. A one-family house with load files 
from IEA SHC Task26 with about 12,100 kWh space heating load and about 1,500 kWh domestic 
hot water demand per year was defined. Standard Meteonorm Stockholm climate data from 
TRNSYS16 was used. Two system sizes of the solar combisystem were defined, a small system 
with 6 m2 collector area and a 300 litre solar tank, and a larger system with 20 m2 collector area 
and 1,000 litre solar tank. The auxiliary volume was 30% of the total volume. All pipes were 
assumed to be 22 mm pipes with 20 mm insulation thickness (3.8 W/Km2). The total length of 
boiler pipes were 13 m (assuming the boiler placed outside the cabinet, as it is typically done in 
conventional solar combisystems), the length of the load pipe from tank to mixing valve was 
6.5 m and the solar loop in total was 31 m long. The used boiler model was the very simple 
standard type 6 which is just adding heat to the system. Therefore the results are not showing fuel 
consumption, they just show the heat delivered by the boiler. The expected improvement of the 
boiler efficiency will reduce the fuel consumption disproportionate to the energy savings. 
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Fig. 3. Hydraulic scheme of the solar combisystem 

The two different large designed solar combisystems were then simulated with two different 
operation strategies: 
• As the classical strategy, the auxiliary volume all the time was heated up to 65 °C by the boiler. 
Therefore the set temperature of the boiler was also always set to 65°C. The mixing valve then 
was mixing the forward temperature to the needed temperature acording to the demand, which is 
domestic hot water preparation or space heating depending on the ambient temperature. 
• As the advanced strategy, the auxiliary volume was only used for hydraulic reasons to keep the 
set flow rate of the boiler all the time. However, the set temperature of the boiler was always 
directly set to the lowest possible forward temperature needed by space heating or domestic hot 
water preparation. If there was no demand, then the boiler was switched off immediately. 

As a reference system the small solar combisystem was simulated with the classical operation 
strategy, but the solar collector pumps were always switched off. Therefore the 90 litre auxiliary 
volume was always heated up to 65°C and the system is essentially a boiler with DHW store. 

The energy savings are then defined as the heat delivery of the boiler in the solar combisystem 
compared to those in this reference system. The solar fraction is then defined as the energy 
savings compared to the total energy demand. 

In table 1 the simulation results are shown. Looking on “Collector gain” and “Solar energy into 
tank” for both system sizes the improvement due to the improved operation strategy is between 7 
and 13%. But the most interesting fact is how much the “Energy delivered by boiler” can be 
reduced, which is shown by the numbers of “Solar fraction” and “Energy savings”, respectively. 
In case of the small solar combisystem due to the advanced operation strategy the energy savings 
could be increased by 83% compared to the classical operation strategy. This is 10 times more 
than the improvement of the “Collector gain” which was 8%. For the large solar combisystem the 
advantage is not that large, but still the energy savings could be increased by 33%, which is also 
significantly more than just the 7% higher “Collector gain”. Comparing the “Tank losses” and the 
“Total losses” shows how strong the reduction of pipe losses is influencing the improvement. 



Table 1. Summary of the simulation results 

SCS small SCS small SCS large SCS large Reference
 Control strategy T_set = 65 °C T_set = flex T_set = 65 °C T_set = flex T_set = 65 °C
 Collector area  m2 6 6 20 20 0
 Solar tank volume  ltr 300/90 300/90 1000/300 1000/300 300/90
 Energy delivered by boiler  kWh 13964 12469 11560 10195 15756
 Total energy demand (DHW+SH)  kWh 13632 13605 13632 13620 13639
 Net utilized solar energy  kWh -332 1136 2072 3425 -2117
 Tank losses  kWh 826 610 1334 1144 589
    Difference  kWh 216 190
    Difference  % 26% 14%
 Total losses  kWh 2866 1619 3273 2297 2117
    Difference  kWh 1247 977
    Difference  % 44% 30%
 Collector gain  kWh/m2 430 466 268 287 0
    Difference  kWh/m2 36 19
    Difference  % 8% 7%
 Solar energy into tank  kWh/m2 333 377 234 255 0
    Difference  kWh/m2 44 21
    Difference  % 13% 9%
 Solar fraction  % 13% 24% 31% 41% 0%
    Difference  % 84% 33%
 Energy savings  kWh/m2 299 548 210 278
    Difference  kWh/m2 249 68
    Difference  % 83% 33%  
Explanations to table 1: 
• T_set = 65°C: Boiler set temperature is fixed to a constant value of 65°C and the whole 
auxiliary volume of the tank is always kept at 65°C. 
• T_set = flex: Boiler set temperature is set depending on the demand, and the auxiliary volume 
of the tank is used by the boiler but NOT kept at a specific set temperature. 
• Solar tank volume: Total volume / Auxiliary volume (= 300/90 or 1000/300) 
• Net utilized solar energy = Total energy demand - Energy delivered by boiler 
• All specific energies [kWh/m2] are in relation to the collector area (6 or 20m2) 

5. Conclusion 
A new solar combisystem concept for combination with condensing natural gas boilers with an 
advanced operation strategy was developed. The investigated energy savings could be improved 
by 83% for small and 33% for larger designed systems compared to traditional operated solar 
combisystems. These energy savings are only due to reduced heat delivery of the boiler since in 
this study no boiler efficiency was taken into account. For condensing natural gas boilers it is 
expected that due to better operating conditions for the boiler within this system concept the fuel 
consumption will be reduced disproportionate to the energy savings as an additional benefit. Long 
term measurements in the laboratory and in a one-family house shall demonstrate this effect. 
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