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ABSTRACT.  In Sweden, 90% of the solar heating systems are solar domestic hot 
water and heating systems (SDHW&H), so called combisystems. These generally 
supply most of the domestic hot water needs during the summer and have enough 
capacity to supply some energy to the heating system during spring and autumn.  
 This paper describes a standard Swedish combisystem and how the output 
from it varies with heating load, climate within Sweden, and how it can be increased 
with improved system design. A base case is defined using the standard combi- 
system, a modern Swedish single family house and the climate of Stockholm. Using 
the simulation program Trnsys, parametric studies have been performed on the base 
case and improved system designs. The solar fraction could be increased from 17.1% 
for the base case to 22.6% for the best system design, given the same system size, 
collector type and load. A short analysis of the costs of changed system design is 
given, showing that payback times for additional investment are from 5-8 years. 
 Measurements on system components in the laboratory have been used to 
verify the simulation models used. More work is being carried out in order to find 
even better system designs, and further improvements in system performance are 
expected. 
 
 
1. INTRODUCTION – BASE CASE COMBISYSTEM 
 
The vast majority of small solar heating systems in Sweden are combisystems that 
generally supply most of the domestic hot water (DHW) needs during the summer 
and have enough capacity to supply some energy to the heating system during spring 
and autumn. Nearly all of the installed systems have been added to existing houses 
and heating systems. More than half have been built by the owners themselves, with 
varying degrees of expert help. Traditional designs have been based on a simple 
single glazed, selective surface collector, storage tank with internal, finned, coil heat 
exchangers for both the solar loop and for preparation of DHW and either biomass, 
electricity or oil as auxiliary energy source. 
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Figure 1 shows how a typical Swedish 
combisystem is designed. The heat from 
the collector is transferred to the tank via 
an internally placed coiled, fin-tube heat 
exchanger in the bottom of the tank. 
DHW is prepared with two similar heat 
exchangers: the lower, placed just above 
the solar heat exchanger, provides pre 
heating; the upper, placed at the top in 
the area heated by the auxiliary heater, 
gives the final heating. A tempering 
valve is used to limit the outlet tempera-
ture. An electrical heating element is 
situated just below the upper DHW heat 
exchanger for auxiliary heating during 
the summer, and is generally set so that it 
just guarantees the largest expected 

discharge. During the winter, either this, or an external boiler (oil, wood) provides 
auxiliary heating. This design has been previously compared with other designs using 
a six-day test sequence based on typical summer conditions [3]. 
 A simulation model of this combisystem has been created within Trnsys [1] 
based on a store model verified using data from measurements from the laboratory at 
the Solar Energy Research Center SERC [2]. The base case combisystem (system 1) 
was defined as having 10 m2 collector (single glazed, selective surface) facing 
south at a slope of 30°, 750 l store with electrical heating element as auxiliary (no 
external boiler). Trnsys was also used to create a set of heating loads using the 
multizone building model and a separate radiator model, with forward temperature 
compensated by outside ambient temperature. The simulated heating load was then 
used as input data. This approach assumes that there is no influence from the solar 
heating system on the heating load.  
 
 
2.  INFLUENCE OF HEATING LOAD AND CLIMATE 
 

Two different houses have been simulated: house 1, a modern, single storey house, 
insulated to the current standard, and modern radiator system (used for the base case 
load); house 2, a relatively poorly insulated multistorey house with higher tempera-
tures in the radiator circuit. These two houses were simulated for four different 
climates ranging from a southern climate (Göteborg) to a northern climate (Luleå). 
The system described in section 1 was then simulated using these loads. The results 
are summarised in table 1. The base case load was defined as being for house 1 in 
Stockholm, with a DHW load of 31 MJ day-1 comprising: 72 l (0.17 ls-1) at 7am, 36 
(0.1 ls-1) at noon, 104 l (0.22 ls-1) at  6pm. The base case solar fraction is 17.1%. 
Qsol ranges from 580-720 MJ m-2 year-1 (160-200 kWh m-2 year-1). 
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Figure 1.  Design of a typical Swedish 
combisystem - system 1 
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Table 1:  Variation of solar fraction with house type and climate 

House Data DHW Load 
[GJ year-1] 

Climate Heat Load 
[GJ year-1] 

f 
[%] 

112 m2, single storey  Gothenburg 1984 24.9 16.4 
280 MJ/m2 (70.9 kWh/m2)  11.3 Stockholm TRY 28.6 17.1 
Stockholm heating load  Borlänge 1992 30.0 13.8 
radiators: 55°/45°C  Luleå 1990 37.5 11.5 
125 m2, three storeys  Gothenburg 1984 50.8 9.5 
451 MJ/m2 (125 kWh/m2) 11.3 Stockholm TRY 56.4 10.0 
Stockholm heating load  Borlänge 1992 62.3 7.8 
radiators: 70°/55°C  Luleå 1990 73.4 6.7 
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Solar fraction (f) is defined by equation 1, where 
 Qsol heat transferred from collector to store  Qloss heat losses from store 
 Qaux auxiliary heat supplied to store QDHW DHW load 
 Qrad space heating load supplied to radiators 
 
 
3.  IMPROVED DESIGNS 
 

Many parametric studies have been carried out to analyse the variation in system 
performance with system design. Initially the original components in the base case 
system were used, but positions of heat exchangers and inlets/outlets were varied 
(section 3.1). Then new designs have been simulated. In these, some components 
have been replaced or new strategies have been used. All results use the base case 
load conditions (section 2). The heat loss coefficient for the tank and the UA-value 
for the solar heat exchanger are always the same. The type and size of collector as 
well as tank size are also the same in all cases. The set temperature for the auxiliary 
heater is the lowest that guarantees the largest discharge with a cold tank. 
 
3.1 System 2: Changing the Position of Components in the Base Case Design 
A large number of parametric studies were carried out to study the influence of the 
position of the solar and DHW heat exchangers as well as the connection heights for 
the radiator circuit. The results have led to two improved designs which are shown in 
figures 2 and 3. The improvements have come by moving the lower DHW heat 
exchanger lower down in the tank and by connecting the return from the radiator 
circuit a little higher.  
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These results are based on the assumption that the internal heat exchangers have the 
same overall heat transfer coefficients in all cases. 

 
                      System 2a    f = 18.5%  
 
This is the best system design found by moving the 
heat exchangers and radiator connections using the 
same parameter values and positions for other 
components. An improvement of 8% over the base 
case is achieved. Collector flow is relatively high at 50 
lm-2h1.  
 
 
                      System 2b    f = 18.6%  
 
If the solar heat exchanger is made to cover a larger 
part of the tank (but keeping the same UA-value), then 
to get good system performance the flow in the 
collector has to be reduced (to 12.5 lm-2h-1) and the 
lower DHW heat exchanger has also to be ”stretched”. 
This system gives the same improvement as system 
2a. No ”stretched” heat exchangers have been tested in 
the laboratory. The solar heat exchanger would need 
to be made from a longer tube with smaller diameter. 
 

 
3.2 Using Different Components and Strategies 
Previous work [3] has shown that, for summer conditions, the performance is very 
dependent on how the DHW is prepared and efficient use of the stored heat. Good 
system designs identified in this work have now been simulated for the whole year. 
 
3.2.1 System 3: External Hot Water Unit for Preparation of DHW  

 
                      System 3    f = 21.3%  
 
The external hot water unit, consisting of a flat plate 
heat exchanger mounted outside the store and con-
nected to it with a variable speed pump, replaces the 
two internal, coiled heat exchangers for preparation of 
DHW. The regulator for this pump keeps constant hot 
water temperature and implies no requirement for a 
tempering valve. The system is otherwise the same as 
for system 2a. An improvement of 25% over the base 
case system (15% over system 2) is achieved because 
of: 
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Figure 2.    System 2a. 
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Figure 3.    System 2b. 

SOLAR

DHW

RAD
AUX

EL

CONT

 
Figure 4.    System 3. 
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• smaller auxiliary heated volume with lower thermostat set temperature, and 
• cold return to the bottom of the tank with improved stratification and solar output. 
This type of hot water unit is available in several different forms on both the Swedish 
and European markets and has been studied in detail [4] and a verified simulation 
model is available for it. 
 
3.2.2  System 4: Four Way Valve for Radiator Circuit 
 

                      System 4    f = 21.5%  
 
In addition to the hot water unit of system 3, system 4 
has a four way valve for the radiator circuit. This has 
two hot inlets as well as the standard cold inlet. Ener-
gy is taken in preference from the solar heated part of 
the store below the electrical heater. The most effi-
cient system with this valve is shown in figure 5, with 
a high return from the radiator circuit. This system 
gave nearly 26% improvement compared to the base 
case, but only a marginal improvement over system 3 
which has a normal 3-way valve. A similar, small im-
provement was also shown when the 4-way valve was 

used with system 2. Not enough time was available to fully investigate and optimise 
this system 
 
3.2.3. System 5: Stratified Solar Charging and Two Inlet Return from Radiators 
 

                      System 5    f = 22.6%  
 
This is a theoretical system, based on system 4, with a 
solar loop heat exchanger with stratified charging, 
such as with double mantled tanks. The UA-value is 
the same as in the other systems. In addition to the 4-
way valve for the radiator circuit, there are two return 
inlets to the tank, controlled by a diverting valve and a 
temperature sensor in the tank, giving a simple form of 
stratified return. This system gives 5% system im-
provement compared to system 4. There are two chan-
ges from system 4 to 5. If only the two inlet return 
from the radiators is used, the solar fraction is 21.7%, 

and if only the stratified solar charging is used then the solar fraction is 22.3%. The 
stratified charging (perfect in the simulation) gives a larger improvement than the two 
inlet radiator return. 
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Figure 5.    System 4. 
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Figure 6.    System 5. 
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4.  COSTS AND BENEFITS 
 
Table 2 summarises the improvements in solar fraction achieved with improved 
system design and gives estimates to the relative costs of the systems simulated, 
where possible. These costs are customer prices in Sweden including VAT at 25%. 
Table 2.    Summary of results and estimates of system costs relative to base case. 

Syst- 
em 

Comments f 
[%]

Decrease 
in Aux. 
Energy 

[MJyear-1] 

Costs Rel. 
Base Case  

[ECU] 

1 Base Case system - reference 17.1 0 0 
2a Improved placement of components 18.5 785 0 
2b As 2a + ”stretch” of heat exchangers 18.6 800 -120* 
3 As 2a + hot water unit instead for DHW 21.3 2582 +330 
4 As 3 + 4-way valve for radiator circuit 21.5 2744 +380 
5 As 4 + stratified solar & radiator return 22.6 3186 +550 

* reduction in price due to series coupled collector and smaller pipe sizes 
 
 
5.  CONCLUSIONS 
 
This work shows that large system improvements are possible relative to the common 
systems in Sweden, and that this does not necessarily imply large financial costs. For 
Swedish energy prices, the pay back time for the additional investment is 5-8 years. 
Further work is required to check the results in real systems. In addition more 
parameter studies are required to analyse the influence of amongst other things: 
• auxiliary heating: heated volumes, advanced control strategies; 
• solar heating: advanced control strategies; 
• radiator circuit: non ideal flows in the circuit; and 
• DHW: other cost efficient hot water units. 
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