
Case study of district heating using 
solar thermal energy combined with 
seasonal storage. 

Can you heat a small city district with 
solar heat instead of natural gas? That 
was the central question in the research 
conducted by Bilfinger Tebodin on 
behalf of Enpuls and the Municipality 

of Eindhoven (NL). The simple answer: 
Yes, that is possible, but under normal 
circumstances the investment cannot 
(yet) be recouped within an acceptable 
period of time. 

A team of engineers from Bilfinger Tebodin, 
led by Erwin Roijen and Izak Boot, spent the 
past six months researching the possibilities 
of heating a neighborhood in Eindhoven 
during the winter months using solar energy 
stored in an underground container during the 
summer. The results offer interesting lessons 
for anyone looking for innovative, sustainable 
heating projects.

MAIN CONCLUSIONS   
  A gas-free district with a small-scale 

heating network combined with seasonal 
storage of solar heat is technically 
possible.

  Compared to the current situation, this 
results in an 80% reduction in CO2. 

  The size of the system and the required 
investments are greatly dependent on the 
chosen design, the scale of the project, 
and the insulation of the dwellings.

  Various optimizations lead to a more cost-
efficient design. Nevertheless, gas-free 
heating with solar thermal energy and 
seasonal storage is not (yet) economically 
viable at this time.

THE PRACTICAL CASE   
Enpuls and the Municipality of Eindhoven, 
together with the residents of the Eindhoven 
neighborhood of Prinsejagt3, were looking 
for a way to sustainably heat their homes 
gas-free. The idea was to do this by means 
of large-scale solar thermal collectors on the 
homes, a collective heating network, and a 
central underground seasonal buffer in which 
the heat harvested in the summer is stored 
for use during the winter months.

To further investigate the potential of this 
concept, an energy simulation model and 
sketch design were made, after which  
the investment and operating costs  
were determined.

THE ENERGY CONCEPT   
The sun is an excellent source of renewable 
energy. Large quantities of heat are 
immediately available and can be easily 

harvested at the right temperature by means 
of solar thermal collectors. The difficult factor 
here, though, is that space heating is mainly 
needed during the winter period, when solar 
radiation is minimal. Seasonal storage of heat 
is therefore necessary. In the Netherlands, 
seasonal heat storage is still in its infancy. 
Only a few small-scale practical examples, 
where a single house or building is connected 
to a seasonal buffer, are available. The 
combination of seasonal storage and a local 
heat distribution network has not previously 
been used in the Netherlands. This concept is 
not entirely unknown abroad (it can be found 
in Scandinavia, Germany, and Canada),  
but there, too, it has only been applied  
on a pilot scale.

The starting principle assumes only minimal 
modifications are made to the houses, so 
no extra insulation is applied and existing 
heating radiators are used. The energy 
concept is a replacement for the current 
central heating combination boiler, and 
therefore it also provides hot tap water.  
The homes consume an average of 1,400 to 
1,700 m3 of natural gas annually for heating 
and hot water, with outliers above and below 
these values. The collectors are placed on 
the roofs of the houses. A grassy field in 
the middle of the residential area offers 
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enough space for an underground basin as 
seasonal storage and a compact district 
power station in which the heat exchangers, 
pumps, and central heat pump are housed.

The use of a collective heat pump is 
necessary. After all, halfway through 
the heating season the buffer will have 
cooled down from an initial temperature 
of 90°C to one that is below the required 
supply temperature of the distribution grid. 
The heat pump then upgrades the supply 
temperature to the correct value. To do this, 
the heat pump extracts heat from the buffer 
tank, which results in the buffer cooling 
down to approx. 20°C at the beginning of 
summer. This process also makes optimal 
use of the available buffer volume, 
so the buffer can be constructed as  
small as possible. 

RESULTS OF THE SIMULATION  
AND STUDY      
The design process by Bilfinger Tebodin 
starts with determining the system size. 
For a pilot scale, the size of 10 dwellings is 
established, whereby the distribution grid is 
prepared for the connection of 30 homes. 

The annual heat demand on a monthly 
basis is determined by means of an hourly 
simulation of the current homes. Bilfinger 
Tebodin also concluded that, with a supply 
temperature of 70°C, the current delivery 
system within the homes is sufficient and 
doesn’t require any additional measures. 
Finally, after an on-site QuickScan and test 
calculations, they concluded that - in most 
cases - the existing roof construction is 
strong enough to support the installation of 
solar thermal collectors on the roof.

The main question, of course, is: How 
many solar collectors are needed to supply 
sufficient heat to the homes? A good second 
question is: What is the required volume of 
the seasonal buffer? In order to be able to 
provide answers, it was decided to simulate 
the entire energy concept using a simulation 
tool developed by Bilfinger Tebodin. This 
simulation tool takes into account solar 
radiation, orientation of the collectors,  
heat loss, and various other parameters.  
A simulation for 10 dwellings shows that  
the required collector surface area is 50 m² 

per dwelling. The buffer volume is 1,250 m³ 
(125 m³ per dwelling).

The greatest practical obstacle appears 
to be the available roof surface area. At a 
maximum of 35 m², the roof is too small 
to generate enough heat for the modestly 
insulated houses. Also, many roofs already 
have dormers or solar panels. In addition, 
the investment estimate shows that the 
total cost of constructing the system is too 
high, which is a reason for the residents,  
the municipality and Enpuls to not start  
the demonstration project. 

The participating parties then asked 
Bilfinger Tebodin to calculate how it could 
be made feasible in terms of energy and 
costs. At Bilfinger Tebodin's suggestion,  
the following approach was then taken:

 1.   Reduce the heat demand by 
insulating the houses.

 2.   Reduce the supply temperature 
of the water.

 3.   Use another (additional) source  
of heat.

 4.   Enlarge the scale from 10 to 30 or 
100 homes.

Figure 2: Output of the simulation tool for solar thermal energy seasonal storage

Figure 1:  Simplified display of SunCity energy concept (source: SDH Platform)

Heat produced SunCity by source; year total

Buffer dynamic and losses 

Heat demand SunCity by source; year total
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IMPROVEMENTS      
By reducing the heat demand by 35% 
(through cost-efficient insulation), the energy 
concept can be designed in such a way that 
sufficient heat can be generated with the 
available roof surface area. In addition, the 
advantage of insulation is that the houses can 
then be heated with lower central heating 
temperatures, which results in smaller heat 
losses in the district heating network and a 
higher efficiency of the collective heat pump. 

The system will be even more economical 
if the residents sustainably heat their own 
hot water for sanitary facilities because this 
will allow for a smaller seasonal buffer and 
the use of a more effective and compactly 
designed distribution system. The houses 
currently have limited ventilation systems, 
which also need to be upgraded. Both issues 
are related to indoor climate and comfort, 
and should also be explicitly guaranteed 
in energy-efficient houses. This is why 
an individual heat pump boiler has been 
proposed to supply hot water.

The simulation tool provided insight into the 
proportion of other additional heat sources 
(such as a second heat pump operating on 
outside air or a peak load boiler). Ultimately - 
with these improvements - it was possible to 
fully meet the annual heat demand with solar 
thermal energy. 

By scaling up, the entire heating network 
performs much better, economically speaking. 
The system is relatively more expensive for  
10 houses than for 30 or 100 houses. It should 
be noted that the business case using  
10 houses gave a somewhat distorted picture 
because it already included pre-investments 
for a neighborhood network for 30 houses. 

With all the optimizations and the increased 
scale, the required investments per dwelling 
will be cut in half - from an initial 200,000 
euros to approximately 100,000 euros per 
home. The annual electricity costs have been 
estimated at around 250 euros per home, 
mainly for the collective heat pump. The 
houses will then be free of natural gas, but 
still have limited electricity consumption for 
the collective system. The CO2 reduction is 
approximately 2.2 tons per home per year  
(a decrease of 80% compared to the  
current situation). 

CONCLUSIONS      
All in all, this is an innovative and sustainable 
heating concept that has potential as part of 
the energy transition in the built environment. 
Most components of the concept are 
technologies that already exist (some for a 
long time now), which have been combined 
to form a new system. The condition for this 
potential solution, however, is that the price 
of the components used drops considerably 
in the coming years. For example, ‘heat pipes’ 
have been used for the solar collectors in 
order to harvest as much usable solar heat  
as possible, but these are relatively  
expensive collectors. 

The research shows that solar heat as a 
sustainable source in the built environment 
is technically feasible but not yet financially 
feasible. With the proposed (home) 
improvements, the necessary investments 
will be halved; however, the energy cost 
savings will not be sufficient to recoup the 
investment of more than 100,000 euros per 
home within an acceptable period of time. 

RECOMMENDATIONS      
In order to further develop the heating 
concept and make it more financially/
economically attractive, the researchers 
of Bilfinger Tebodin offer the following 
recommendations:

Design
-  Limit heat loss from the heating network 

and the seasonal storage by using proper 
materials and insulation and by optimizing 
the size of the neighborhood grid (high 
simultaneity vs. low connection capacity).

-  Check whether there is sufficient sun-
oriented roof surface available and whether 
the roofs of the houses in question are 
structurally suited for large-scale  
solar energy.

-  By limiting the supply temperature to 
approx. 55°C, a cheaper standard heat 
pump can be used and energy losses will 
be reduced.

-  A solar collector system of approximately 
35 m2 per house is unusually large and 
therefore expensive. Systems of this 
kind must be further developed and 
standardized. 

-  Savings can also be realized on the 
underground seasonal buffer - by choosing 
different materials, selecting a different 
storage medium, and/or placing the  
buffer with mechanical space (partly)  
above ground.

Other aspects
-  Legal: Who will be the owner of the solar 

collectors on the roofs of the privately 
owned dwellings?

-  Financial: Who finances which part of 
the collective system? Do homeowners 
invest exclusively in their own home or 
also (partly) in the collective system? 
Alternatively, does a heat collective invest 
in individual homes?

-  Heat chain: Who will be the supplier of 
the heat? Which contract forms are to be 
used and between which parties?

 

For the project team’s experiences in the development of SunCity, we kindly refer you 
to the publication of Enpuls and the Municipality of Eindhoven.

Authors: Erwin Roijen (Building Installations Advisor) and Izak Boot (Energy Advisor), 
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