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Abstract – Region Västra Götaland is associated to the EC project SDHp2m. which primarily has a focus 
on the implementation of solar district heating in three European regions: Styria (AT), Thuringia (DE) 
and Auvergne Rhone Alpes (FR). The aim here is to investigate the interest and the possibilities to 
complement existing block and district heating systems based on solid biofuels with a solar heating 
system within Region Västra Götaland. The paper summarises the second step of the project, comprising 
feasibility studies for a number of existing heating plants.  The paper summarises the result for one plant 
in Region Västra Götaland, one plant in Region Gotland and one in Region Östergötland.  The design 
heat loads in the studied plants vary from 3.5 to 10 MW. The proposed solar heating plants comprises 
3 000 – 5 000 m2 solar collector arrays combined with 300 – 500 m3 of buffer storage.  The resulting solar 
heat costs vary from 450 – 500 SEK/MWh, which is 30 – 50% higher than typical operational costs in 
this type of plants using wood chips. The experiences from the feasibility studies confirm that the 
implementation of solar heating plants rely on the possibilities to increase interest and knowledge, e.g. via 
demonstration plants, as there is a large potential to improve the efficiency of existing plants.      
 

 
1. INTRODUCTION 
 

Region Västra Götaland comprises 1.6 million inhabi-
tants on 24 000 km2, i.e. 66 inhabitants per km2, which is 
equal to the average population density within Europe.  

The region has 49 municipalities, the smallest with 
5 000 inhabitants and the largest with 500 000 inhabitants 
(City of Gothenburg).  All municipalities have one or 
more block and/or district heating plants using solid 
wood fuels. A couple of municipalities have one or more 
solar heating plants, e.g. Lerum and Orust.  

Many heating plants using solid biofuels, especially 
wood chips, have often only one boiler that runs all year 
around, commonly without a buffer storage tank.  This 
means in many cases that the boiler runs on very low 
power with low efficiency due to the low heat demand 
during the summer months.  

A combination with a storage and solar collectors makes 
it possible to run the boiler with a higher efficiency (and 
less emissions) and thereby save more wood fuels than 
the amount replaced by the solar heat.  However, the low 
price for wood fuels together with lack of awareness 
about solar collectors, etc. creates small incentives to 
invest in a solar system.   
 
2. PROJECT DESCRIPTION 
 

Region Västra Götaland is associated to the EC-project 
SDHp2m which primarily has a focus on the 
implementation of solar district heating in three European 

regions: Styria (AT), Thuringia (DE) and Auvergne 
Rhone Alpes (FR). The aim here is to investigate the 
interest and the possibilities to complement existing 
block and district heating systems based on solid biofuels 
with a solar heating system within Region Västra 
Götaland. The project will be carried out in three steps as 
described below.    

First, a survey is initiated and evaluated. The survey 
will show the interest in the municipalities and potential 
plants that may be complemented with a solar system.  A 
relevant number of plants will be selected for the next 
step. 

Second, feasibility studies will be carried out for the 
plants identified in the first step.  The most feasible plants 
(site and economics) will go on to a pre-design study and 
an application for co-financing, if and when required, 
before the third step.     

Third, individual or common calls for tenders will be 
prepared and communicated to interested contractors, 
with the aim to realize at least one plant during 2017-
2018 that can be used as a demonstration pant for other 
interested actors. 

 
3. SURVEY 
 

3.1 Gathering data 

There is not one single source that provides information 
about heating plants with biofuel boilers in Sweden, so 
data were gathered based on two main sources.  



First, a questionnaire was developed and distributed to 
all municipalities asking for basic information about their 
heating plants, especially those with biofuel (wood) 
boilers with a nominal power of 200 kW or more. 

Second, information available on the homepages of 
members of the Swedish District Heating Association 
Region Västra Götaland, was gathered.   

 Third, the above was evaluated for duplicates and 
complemented with data from some other sources.   

Fourth, the result of the survey was communicated by e-
mail and presented at a seminar in order to be as complete 
as possible, at least regarding heating plants using 
biofuels (primarily wood).    

 
3.2 Heating plants 

Altogether >110 heating plants were found within the 
49 municipalities in Region Västra Götaland (Figure 1). 
There are more heating plants, but the most important for 
the feasibility study are likely included.    

 

 
 

Figure 1. Municipalities in Region Västra Götaland. 

 
The number of district heating systems is less than the 

number of heating plants as there may be several heating 
plants in one district heating system and the district 
heating systems in Ale and Partille are parts of the main 
district heating system in Göteborg.  

There are also connections between Göteborg, Kungälv 
and Mölndal.  Some of the municipalities have district 
heating from industries (e.g. Stenungsund, Vänersborg 
and Lilla Edet) and only two small municipalities lack 
district heating (Sotenäs and Öckerö).   

The survey is presented in a Master thesis by Thrysøe 
Ekström (2016) and a conference paper by Dalenbäck et 
al (2016).  
 

3.3 Wood fuel boilers 

There are >40 identified wood chips boilers, out of 
which >25 are owned by the municipalities and the rest 
are owned by ESCO’s.   

There are >35 identified wood pellets boilers, out of 
which about 30 are owned by the municipalities and the 
rest are owned by ESCO’s.   

There are <10 identified wood briquettes boilers, all 
owned by the municipalities. 

There are four plants with solar heating plants.   
The sizes of the wood chips boilers vary from a few 

MW up to 130 MW (often for combined heat and power), 
the sizes of the wood briquettes boilers vary between 1 
and 10 MW, while the sizes of the wood pellet boilers, 
with one exception (100 MW), vary from 100 kW up to a 
couple of MW.      
 
3.4 Ownership 

The fact that there are not only municipalities, but also 
ESCO’s (e.g. Agrovärme) that operate heating plants was 
known, but maybe not that there are a couple of rather 
new operators.  Besides the municipalities a couple of the 
ESCO’s also seem to be interested in the project.  

 
3.5 Available space 

One of the prerequisites to complement an existing 
heating plant with solar heating is that there is some place 
where the collector array, and a storage tank, can be 
mounted.  Therefore, the location of the heating plant has 
been identified in order to rank them from a feasibility 
point of view.  The information required to evaluate the 
possibility to connect distributed collector arrays, i.e. 
available areas and buildings in connection to the district 
heating networks, was not gathered at this early stage. 

 
4. FEASIBILITY STUDIES 
 
4.1 Initial scanning 

The survey and the connected info about SDH triggered 
the interest to have more information about the 
possibilities to complement existing plants with solar 
heating systems only in a few cases.  

Thus, the initial scanning of potential plants has mainly 
been based on previous knowledge about existing plants 
and maps on internet together the interest shown on the 
first project seminar.  

 
4.2 Feasibility studies 

The aim is to get the first impression about the 
possibilities to complement small wood chips plants 
(from 4 up to about 30 MW) with a solar collector array.  
This approach is based on the fact that small wood chips 
plants have a large potential to improve the system 
efficiency (poor part load efficiency).  It is further not 
likely to be able to build very large demonstration plants.   

Wood briquettes boilers may also be interesting, while 
pellet boilers are less interesting as they usually have a 
higher efficiency at varying load conditions.  Local 



conditions and the interest for solar heating expressed by 
the plant owners might however change that situation.     

The feasibility studies were supposed to cover initial 
plant sizing, placing of collector arrays and a storage 
tank, as well as the possibilities to lower the return 
temperatures. The studies will also consider planned 
boiler replacements and extensions of the district heating 
networks, and result in initial cost estimates. 

The existing plant in Ellös district heating network, 
design power 2-3 MW and a wood chips boiler with 2 
MW design power, with 1 000 m2 of solar collectors and 
200 m3 storage tank, will work as a reference for new 
plants.        
 

4.3 Initial interest 

The initial feasibility studies were supposed to be 
carried out for Herrljunga (6 MW), Vara (10 MW), Tibro 
(19 MW) and Töreboda (20 MW). 

Further feasibility studies were supposed to be develop 
based on individual contacts with plants owners.  

 
5. FEASIBILITY STUDIES 
 
5.1 Introduction 

The interest for feasibility studies in Region Västra 
Götaland has unfortunately been lower than expected, but 
luckily a couple plant owners in other regions have 
shown interest.  

So far, three feasibility studies have been carried out: 
Vara (10 MW) in Region Västra Götaland, Borensberg 
(4.5 MW) in Region Östergötland and Hemse (4 MW) in 
Region Gotland. Two feasibilities are ongoing:  
Herrljunga (6 MW) and Tidaholm (15 MW).  

The feasibility studies for Hemse (Dalenbäck, 2018a), 
Vara (Dalenbäck, 2018b) and Borensberg (Dalenbäck, 
2017) are presented in the following.  

 
5.2 Hemse 

The heating plant is located on the island Gotland, with 
a lot of wind power plants and a rather high penetration 
of small solar heating and solar PV plants, i.e. a region 
with an above average knowledge and interest for 
renewable energy. 

The present heat load varies between 500 kW in 
Summer and 3-4 MW in winter. The heating plant 
comprises an old wood chips boiler (7 MW) and old oil 
boilers for back-up (2 x 4 MW).  

The feasibility study is part of a study to refurbish the 
heating plant with a new wood chips boiler, a possible 
solar heating plant and an electric boiler.   

The present operation of the plant with a too large wood 
chips boiler results in high heat distribution temperature 
(forward 95 °C; return 50-60 °C) and high heat 
distribution heat losses, especially in the summer. Thus a 
new boiler is supposed to decrease the heat load as the 
heat distribution losses will decrease.      

 

 
 

Figure 2. Heating plant in Hemse. 

       
Figure 2 shows a bird eye view of the existing heating 

plant with nearby suitable land for placing a collector 
array in the east part of Hemse.  

The proposed solar heating plant comprises 3 000 m2 
solar collectors (requiring about 10 000 m2 land area) and 
a 300 m3 buffer storage tank that is expected to gain 
about 1 200 MWh/a. The annual load is about 11 500 
MWh/a, which means that solar heat is expected to cover 
about 10% of the total heat load.    

The budget investment is estimated to 12 MSEK and 
with annuity 0.05 this results in a solar heat cost of 500 
SEK/MWh.  

 
 5.2 Vara 

The heating plant is located in the middle of Region 
Västra Götaland, surrounded by large farming fields with 
a couple of wind power plants.   

 

 
 

Figure 3. Heating plant in Vara. 

       
Figure 3 shows a bird eye view of the existing heating 

plant situated in an industrial area with nearby suitable 



land for placing a collector array in the south part of 
Vara.  

The present heat load varies between 1 MW in summer 
and about 10 MW in winter. The heating plant comprises 
old wood chips boilers (5 + 6 MW) and old oil boilers for 
back-up (4 + 6 MW).  

The intention with the feasibility study is to get a first 
understanding of the possibilities to complement, and 
improve the performance of the heating plant with a solar 
heating plant.   

 

 
 

Figure 4. Heating load in Vara. Chips = Wood chips; 

Cond. = Exhaust condenser; LH = Boiler for crop 

residues at Lagerhuset. 

 
Figure 4 shows the heat load in 2016. The high load in 

August (and September) is due to that the heating plant is 
also used to supply heat to a large crop dryer in operation 
in connection to the harvest period. The crop dryer is 
supplied with higher temperatures (>100 °C) than 
required for district heating via an extra heat distribution 
pipe. This together with other circumstances related to the 
heat distribution system may imply that a refurbishment 
of the heating plant may result in reduced heat loads.  

The proposed solar heating plant comprises 5 000 m2 
solar collectors (requiring about 15 000 m2 land area) and 
a 500 m3 buffer storage tank that is expected to gain 
about 2 000 MWh/a. The annual load is about 35 000 
MWh/a, which means that solar heat is expected to cover 
about 6% of the total heat load.  Thus a larger plant size 
would be more feasible assuming that it is possible to 
find suitable land for solar collectors.   

The budget investment is estimated to 18.5 MSEK and 
with annuity 0.05 this results in a solar heat cost of 450 
SEK/MWh.  

 
5.2 Borensberg 

The heating plant is located in the northern part of 
Region Östergötland surrounded by forest. Borensberg 
has developed around the locks in Göta Kanal.   

The present heat load varies between 300 kW in 
Summer and about 4.5 MW in winter. The heating plant 
comprises one wood chips boiler (3 MW) and one oil 
boiler (5 MW). The oil boiler fuel is HVO (bio diesel).  

The intention with the feasibility study is to get a first 
understanding of the possibilities to stop the wood chips 
boiler for a long period in the summer with the help of a 
solar heating plant.   

 

 
 

Figure 5. Heating plant in Borensberg.  

       
Figure 5 shows a bird eye view of the existing heating 

plant situated in an industrial area surrounded by forest. 
Two land areas in the forest close to the heating plant and 
one open land area in another site close to the main heat 
distribution pipe may be possible for the placing of a 
collector array.  

The proposed solar heating plant comprises 3 000 m2 
solar collectors (requiring about 10 000 m2 land area) and 
a 300 m3 buffer storage tank that is expected to gain 
about 1 200 MWh/a. The annual load is about 16 000 
MWh/a, which means that solar heat is expected to cover 
about 8% of the total heat load.  Thus a larger plant size 
would be more feasible assuming that it is possible to 
find suitable land for solar collectors.   

 

 
 

Figure 6. Heating load in Borensberg presented as a 

power [MW] duration graph based on daily averages. 

Bio = Wood chips; Oil = HVO; RGK = Exhaust 

condenser (not used). 

 



The budget investment is estimated to 12 MSEK and 
with annuity 0.05 this results in a solar heat cost of 500 
SEK/MWh.  

Figure 6 shows the heat load in 2014. The district 
heating system is connected to a large number of small 
buildings whereas the utilization time (3 500 h) and the 
heat losses are rather high (about 250 kW).   

The operational costs with wood chips is around 300 
SEK/MWh, while the operational cost with HVO is 
around 1 100 SEK/MWh. Thus it is less feasible to 
replace wood chips than HVO from an economic point of 
view.     

 
 5.3 Comparisons 

All studied plants have in common that they have rather 
high return temperatures in summer (50-60 °C). It is 
therefore recommended to evaluate the possibilities to 
lower them, influencing the solar yield as well as the 
buffer storage capacity. 

 
Table 1. Load characteristics.  

 
 MW MWh/a h/a 

Hemse 3-4 11 500 3 300 

Vara 10 35 000 3 500 

Borensberg 4.5 16 000 3 500 

 
Table 1 shows the load characteristics for the studied 

plants. All three plants are rather small. This is positive as 
the possibilities to get financial support are improved, but 
it is negative as it will be difficult to demonstrate 
competitive heat costs.  

 
Hemse and Borensberg have about the same size, but 

there are large differences related to the present 
performance of the plants and possible placing of the 
solar collector arrays.  

Hemse needs to be refurbished and is located close to 
suitable land areas, while Borensberg has rather new 
equipment and poor conditions to find suitable land areas 
for the solar collector array. Vara is 2-3 times larger, but 
has neither poor, nor very good conditions, for a solar 
heating plant.  

Therefore, there are large possibilities that a solar 
system will be realised in Hemse, assuming it is possible 
to find favourable enough economic conditions.   

 
5.4 Ownership 

The studied heating plants have different ownerships, 
which may result in different decision procedures and 
different economic considerations.  

Borensberg is owned and managed by the large 
municipal energy utility, Tekniska Verken in the City of 
Linköping.  Hemse is owned and managed by Gotlands 
Energi (GEAB), which in turn is owned by Vattenfall 
(75%) and Region Gotland (25%). Vara is owned and 
managed by a small company owned by Vara Energi 

ek.för, which is a cooperative comprising citizens in Vara 
(similar to the Danish ownership of small DH systems). 

 
5.5 Economic considerations  

There are different ways to present the economic 
feasibility.  Here the estimated solar heat cost (budget 
investment and average performance using annuity 0.05) 
is compared with the present operational cost (fuel plus 
O&M) during the summer.   

The estimated solar costs are about 30 - 50% higher 
than the typical operational costs, but they relate only to 5 
– 15% of the total load, i.e. they will only result in a 
small increase of the total operational costs, requiring a 
rather small financial support in order to keep the same 
district heating fee as without the solar system.   
 
6. DISCUSSION 
 
6.1 Survey 

The existing information about heating plants had to be 
gathered from different sources which was rather time 
consuming.   

The information about the heating plants that can be 
found on internet (municipalities, district heating 
association, district heating providers themselves, etc.) is 
very different.  Some information contains everything 
from detailed data and pictures of heating plants to 
detailed descriptions of the heat distribution system 
connected to the plants, while there is lack of any 
information in some cases.  

The same is valid for contact information.  Some 
organisations present lists of employees with their 
responsibilities, while others only have information how 
district heating customers can send questions to a help 
desk.   

In our case we were helped by the regional energy 
office – Hållbar Utveckling Väst - which had contact 
persons (energy advisors) in all municipalities.  The 
knowledge about the local situation varied however 
among the contact persons and thereby the quality of data 
and contacts received.    

 
6.2 Challenges  

The main advantage is that district heating is established 
so the feasibility studies can focus on the potential 
possibilities to complement existing plants with a solar 
collector array and a storage tank (in case a storage tank 
is not already available).   

The main challenge is that there are no strong incentives 
to complement existing plants with solar heating.  The 
plants provide already renewable heat and the operation 
costs are low using wood fuels.  

It is also a challenge to present a system design that the 
operation staff is convinced will improve the operation as 
well as the plant efficiency.    

 



6.3 Experiences  

The experience from the feasibility studies confirm the 
lack of incentives and knowledge among plant owners. 
Thus it confirms the necessity to create incentives and the 
need to be able to demonstrate up-to-date plants to prove 
performance and enable knowledge dissemination.  

The experiences also show that the presently abundant 
resources and thereby low price of wood chips 
encourages plant operation with a lower than necessary 
performance.  For example managed one of the plant 
owners to negotiate a new favorable wood chips delivery 
contract during the feasibility study.  

In the long term, it is likely that bio energy resources 
will be more valuable in the future as it is one of the main 
renewables that can replace fossil resources in fuels and 
other products. Thus it should be increasingly important 
to nurse the use of bio energy. To use solar heat when 
available is thus a technology that should be encouraged. 
We are however far from this insight being realized.  

The experiences also show that there are two main 
concerns or beliefs, the availability of space for solar 
collectors and the importance of short-term economics.  

 
7. NEXT STEPS 
 
7.1 Technology procurement  

The aim now is to take one or two feasibility studies a 
step further and make pre-designs that can be used to 
apply for co-financing and to make call for tenders. 

The finished and ongoing feasibility studies will be 
presented and discussed at a seminar with the plant 
owners and other stakeholders.  The seminar will also be 
used to inform and encourage the Swedish Energy 
Agency to create a technology procurement project.   

 

7.1 Evaluation and dissemination  

The initial aim to realize at least one plant during 2017-
2018 seems simply too optimistic. 

The technology procurement should include funding for 
evaluation and dissemination in order to encourage the 
realization of larger plants that can show competitive 
economics.   
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