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ABSTRACT 
 
Due south of Uppsala, there are three buildings, the Skokloster church built 1230 by 
the Cistercian order and the “old stone-house”, built on top of the old brick kiln used 
for the construction of the church. But the dominant building is Skokloster palace. 
 
The stone-house has been rebuilt several times. The present building lay out dates 
from 1740. During the 20th century the old stone-house was heated to human comfort 
by electric heaters. 
 
The aim of this paper is to describe the different alternatives for replacing the electric 
heating system with a more energy efficient and sustainable system. The alternative 
finally chosen is described. It is a heat-pump system with bore holes in rock as heat 
source and traditional water heating system with radiators as heat-sink. 
 
The energy certification for the stone-house gives a consumption of 94 kWh/m2 and 
standard year to be compared with the government request of max. 110 kWh/m2. 
 
Keywords: Old houses, heating, heat pump, energy efficiency, renewable energy, 
energy certification, energy audits 
 

 
 

Figure 1. The old stone-house to day. South façade. 
                                          Photo Kylsberg. 
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THE PALACE 
 
Introduction 
 
The palace of Skokloster with the church and the old stone-house lies on a northerly 
arm of Lake Malar, about 18 kms due south of Uppsala, the seat of the Archbishop of 
Sweden. During the Middle Ages Sko estate belonged to the Cistercian order. It 
became a Crown estate after the Reformation. Captain Herman Wrangel received the 
estate as a donation in 1611 
 
The son of Captain Wrangel, Count Carl Gustaf, who was borne in the stone-house, 
began the construction of the Skokloster palace in 1654. The palace was roofed in 
1668. The old stone-house is located 100 m north of the palace and close to the old 
church. Figure 2 show the stone-house with the palace behind. 
 
Heating system 
 
The palace is built in a traditional way with open fire places and chimneys. The 
proprietors have only been living in the palace during the late 20th century. Thus the 
whole palace has never been heated. Skokloster palace is today still unheated with 
the exception of a few rooms in the ground floor. The heating system in the ground 
floor was an oil-fired water boiler, located in the cellar, with distribution pipes and 
radiators under the windows.    
 
THE STONE- HOUSE 
 
Introduction 
 
Captain Wrangel established his residence in the old stone-house which is the 
building discussed in this paper. The building originates from the medieval time and 
the Cistercian nunnery. The mother cloister Cistercium from 1098 is located in to 
days Citeaux. 
 
In 1967 Skokloster palace together with the park and the old stone-house was 
purchased by the Swedish State, in an attempt to save the priceless palace 
environment and the artefacts within it. The palace was opened as a museum a few 
years later. In 1996 the museum staff moved office to the old stone-house, which 
under the last thirty years had been empty during the winters with heating kept to a 
minimum to prevent the plumbing from freezing.  
 
Construction 
 
The stone-house is built on top of the old brick kiln used for the construction of the 
church. The construction of the church started in 1230. The old stone-house was built 
around 1300. The cellar of over tile is built on a foundation of granite. The building 
has been rebuilt several times over the years and the present lay out is from 1740. In 
Figure 3 is the different building periods indicated. 
 

 



 
Figure 2. The old stone-house with the Skokloster palace behind. North façade. 

                    Photo Kylsberg. 
 

 
Figure 3. Lay out of the old stone house and periods for construction [1] 

 
Heating system 
 
The original heating system was open fire places, some of them still intact. During the 
late 18th century some Swedish type tile stows were installed.  
 
During the late 20th century the old stone-house was heated to human comfort by 
electric heaters with on-off thermostats. Heaters were not located in every room. 
When the heating system was installed the stone-house had single pane windows. 
Later on the windows were rebuilt by adding a second inner pane to increase the 
human comfort. The main reason for using electric heating was economic; the kWh 
was very cheep in those days. 
 
End users experience of human comfort with electric heating 
 
The very simple heating system was not very efficient; the heat demand for each 
room was not calculated. A standard type of electric heater with on/off thermostat 
was installed. Not all rooms were equipped with heaters. The set point variations 
gave room air temperature variations. To increase the human comfort were double 
windows installed but comfort complains were frequent.  
 



Cost for electric heating  
 
We are using 2007 as reference year when comparing with to days energy 
consumption. The National Property Board, the care taker of Skokloster palace and 
the old stone-house, paid 2007 for 213 MWh electricity that energy was mainly 
allocated to the heating of the stone-house. A few kWh was used by the burner and 
the circulation pump in the palace. The whole palace, excluding a few rooms in the 
ground floor, is not heated or illuminated as already mentioned. The 2007 heating 
year was 12.5% warmer than the standard year. The standard year in Sweden is a 
mean of the period 1971-2000. In Table 2 we have compared the energy 
consumption with the standard year. 
 
NEW HEATING SYSTEM 
 
Analyse of alternatives 
 
The National Property Board commissioned 2007 consulting engineers [2] to 
investigate the different possibilities to get rid of the water-boiler with oil-burner 
located in the palace. At the same time the question was raised about the electric 
heating system in the old stone-house. At the end of the day it was decided to look 
upon the project as finding alternatives for both the heating of the ground floor in the 
palace and for the heating of the old stone-house. The following alternatives were 
considered and calculated. The numbers of alternatives reflect the need of an 
overview. The National Property Board is care takers of quite a number of different 
old buildings with electric heating. This project may be a pilot case. 
 

1) Installation of a new oil-fired water boiler placed in the palace 
2) Installation of a new oil-fired water boiler placed adjacent to the palace 
3) Installation of a  wood chips fired water boiler placed in the palace 
4) Installation of a  wood chips fired water boiler adjacent to the palace 
5) Installation of a  pellets fired water boiler in the palace 
6) Installation of a  pellets fired water boiler adjacent to the palace 
7) Installation of solar panels/solar cells 
8) Installation of a new direct electric heating system 
9) Installation of a  wind power system 
10) Installation of a heat pump with collector in the lake 
11) Installation of a heat pump with collectors in bore holes in rock 
12) Rebuilding of oil-burner in existing water boiler to RME (Fatty Acid Methyl 

Ester, EC No 267-015-4)  
 
The following main arguments were raised by the experts: 
 
System No 1. Easy to do. Space is available. But this alternative is of less interest 
having in mind the property manager’s ambition to work with sustainable energy 
sources. 
 
System No 2. Possible solution but it means a new boiler house with a chimney in the 
park and conduits to the palace and the old stone-house. Not a very attractive 
solution. 
 



System No 3. Not possible. Space for wood chops silo is not available. 
 
System No 4. Possible solution but it means a new boiler house with chimney and a 
wood chops silo in the park as well as conduits to the palace and the old stone-
house. Not a very attractive solution. 
 
System No 5. Possible solution but it means a pellets silo in the palace. A pellets silo 
will be smaller than a wood chops silo and it might be possible to find room for it. 
 
System No 6. Possible solution but with the same cons as system no 4. 
 
System No 7. Not possible, neither solar-panels nor solar-cells are yet commercially 
developed for this type of buildings and sorundings. The systems request ground 
areas no available in the park and on top of that a storage system is needed as well 
as a back up system. 
 
System No 8. Not acceptable. The property manager wants to get rid of direct electric 
systems due to energy costs. 
 
System No 9. Possible system but not feasible due to the fact that the turbines have 
to be erected far away from the palace and the park. And it means direct electric 
heating. 
 
System No 10. Possible solution. The energy demand will be covered up to 90%; the 
rest must be backed up. 
 
System No 11. Possible solution. The energy demand will be covered up to 90%; the 
rest must be backed up. 
 
System No 12. Possible solution. RME is a sustainable fuel. The existing water boiler 
can be equipped with a burner for RME. Heat supply to the old stone-house is not 
solved. A new water boiler with RME burner as well as a conduct from the palace to 
the stone-house is needed. 
 
Decision for further investigation  
 
The National Property Board decided 2007 to further investigate systems no 5, 11 
and 12. Calculations are related to standard year and price level year 2007 
 



Table 1.  Alternatives for detailed study [2] 
 
Alternative  Pros  Cons 
___________________________________________________________________ 
 
      5 Yearly saving 203000 SEK  Lorry transports of pellets around 
 Decreased electrical consumption     palace and park, daily attendance  
 by approx. 95%  by professional staff, increased fire 
    risk, negative impact on the cultural 
    environment.  
 
    11 Yearly saving 212000 SEK Decreased electrical consumption 
 no daily attendance, de-  by approx. 22% 
 creased fire risk, no lorry 
 transports 
 
    12 Decreased electrical consumption Energy saving 28000 SEK 
 by approx. 95% 
 
The Property Board decided to go ahead with alternative no 11. 
 
Design of selected system, No 11 
 
The system is based on three standard module heat-pump units with bore holes in 
rock as heat source and heating water on the supply side as heat sink. Close to the 
south façade of the palace there are 11 boreholes, 4 inches in diameter and 210 m 
deep. The wholes are lined with steel pipes from the surface down to solid rock, 
appox. 7 m per hole. The collectors in the wholes are welded PEM pipes, 40 mm in 
diameter. In the collector lopes are an ethanol/water mixture circulated by a pump. 
 
The heat pumps are working in parallel and supply heating water to the old heating 
system in the palace and to the new heating system in the old stone-house. They will 
cover approx. 90% of the heating demand; the rest will be backed up by the existing 
water boiler converted to the sustainable fuel RME. The coolant in the heat-pumps is 
11 kg R407c. In the collector loop circulates approx. 4800 l Ethanol (30%) water 
mixture. 
 
 



 
 

Figure 4. System lay out of heat pump system [3]. 
 
 

 
 
Figure 5. Typical heat-pump module installed in the old boiler room in the palace [4]



Heating system in the palace 
 
The existing water heating system in the palace is reused but upgraded with modern 
thermostat valves. The old boiler room in the palace is reused for installation of 3 
modular heat pumps and reuse of the old water boiler with a rebuilt burner to RME 
fuel. 
 
Heating system in the old stone-house 
 
All electric heaters in the building were dismantled as well as the power cable 
system. A new water heating system with convective heaters of old fashioned style 
was installed. The pipe system is built by steel pipes with old fashioned fittings and 
joints, sealed with linseed oil and flax. From an isolated main, run in the attic, not 
isolated down-pipes are mounted on the walls and connected to the radiators via 
modern thermostat-valves. The architect, and the plumber, has put in a lot of efforts 
to run the pipes and to paint them to give the impression that the new pipe system is 
a homogeneous part of the old stone-house. 
 
 

 
 

Figure 6. Heating pipes with “camouflage” painting 
                                           Photo Kylsberg 



 
 

Figure 7.  Heating pipe with “camouflage “ painting.. 
                                           Photo Kylsberg 
 

 
 

Figure 8. Heating pipe with “camouflage” painting. 
                                           Photo Kylsberg 
 
End users experience of new water heating system based on a heat pump 
 
The museum staff report increased thermal comfort with the new heating system. 
This is due to the more even room temperatures and the elimination of the smell of 
burnt dust from the high temperature electric heaters. The old electric heaters were 
considered a fire risk if covered up by mistake, the new heating system is looked 
upon by the staff with relief.  
 



Cost for heating with heat pump system 
 
The energy consumption during 2010 with the new heat pump system is compared 
with the consumption during 2007. Base for the comparison is the standard year 
1971-2000. 
 
Table 2.  Energy consumption in the old stone-house 
 
year        degree-days   difference       MWh     source 
_______________________________consumed____________________________ 
 
standard       3630                  0                                 statistics  
 
2007             3229                -11%             213          electric heaters 
 
2010             4193                +15%            164          heat pumps consumed 137 MWh 
                                                                                  and delivered 218 MWh to the 
                                                                                  palace and 164 MWh to the old 
                                                                                  stone-house 
 
Recalculated to a standard year has the electric energy consumption for the old 
stone-house decreased with 41% from year 2007 to 2010.  The back up boiler 
delivered during year 2010 21,7 MWh based on RME oil. 
 
The Swedish government body Swedish National Board of Housing, Building and 
Planning request a maximum consumption for heating of buildings in zone 3 (middle 
Sweden) of 110 kWh/m2. An energy performance certificate describes how effective 
a building is from an energy point of view. It also makes it possible to compare it with 
similar buildings.[5] The consumption for heating of the old stone-house will 
according to the certificate be 94 kWh/m2 during a standard year. Similar buildings 
are using 112-168 kWh/m2 according to statistics. The CEN 346 project has plans to 
recommend measures to increase the energy efficiency in protected buildings. [6] 
 
Approvals needed 
 
To install a heating system as described we need in Sweden permission from the 
community, in this case Habo Community, to drill holes and circulate Ethanol/water 
mixtures in the ground. Further more is the use of heat-pumps using R407c strictly 
regulated by law with frequent inspections. Changes in listed buildings like e.g. new 
holes for new pipes have to be approved by the Heritage Board. To dig in a area with 
historic remains need permission from the County Administrative Board. All 
permissions were in this case obtained. 
 
CONCLUSION 
 
The selected heating system for the old stone-house at Skokloster is a good choise 
from economic and environmental point of view. It reduces the emission footprint 
from the building by decreasing the energy consumption by 41% for the standard 
year. It improve the indoor climate by creating more uniform room temperatures 



during the heating season, and eliminate contaminants like burnt organic dust. The 
selected heating system reduces the fire risk. 
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