
Figure 1. The school’s exterior and the air intake on the 
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Summary 
The newly-built school in Storfors in Värmland, Sweden was planned to be one of Sweden’s most 
energy efficient schools, a goal which was subsequently fulfilled.   
The school, which has an area of 4,030 m2 is used by 280 pupils each day and has 55 employees. -It 
consists of two well-insulated floors above ground and an underground culvert used for supplying the 
school with fresh air. The culvert has a significant role in the energy-saving construction; -when the 
supply air is drawn through the culvert the ground surrounding the culvert contributes with heat in the 
winter and has a cooling effect in the summer. The preheated-/ precooled air is supplied to the 
classrooms as required, according to the temperature in the classrooms. The air is then passively 
released via the roof through regulated cowls, so no heat exchange is needed. For most of the year, 
heat from pupils, lighting and computers is sufficient to maintain the desired temperature. At night and 
particularly cool days a radiator system connected to district heating supplies the extra heat needed.  
Thanks to the culvert, no active cooling is needed in summer. Transporting air through the culvert 
cools the supply air. Transporting air in a culvert results in very low pressure drops, reducing the 
amount of electricity needed for fans. The supply air volume is also carefully controlled according to 
several criteria ensuring a good indoor climate. In total the school consumes less than 35 kWh/m² ua * 
year including all heating, cooling and operation.   

1. Background  
The Swedish municipality of Storfors had a public school building which was old fashioned and 
attracted many complaints about the indoor climate. It also consumed large amounts of energy. The 
politicians decided that a new school, which would be specially designed for good indoor climate and 
energy efficiency, should be built. A group of experts was assembled to come up with a solution.  
The strategy for achieving the vision of good indoor climate throughout the whole year, -a climate that 
should be much better than a normally planned school -included several criteria for the building and its 
installations: The building should be very well insulated to minimize heat loss and be air-tight to 
prevent unwanted ventilation. Lighting should be energy efficient, activated by presence and 
compensated according to the amount of day light.  
When it comes to the ventilation system, several demands were listed to ensure a good indoor climate. 
The temperature in classrooms should be 20-21°C during the winter and allowed to rise to 22-23°C in 
the summer. The outdoor temperature in 
Storfors can reach -20°C in winter and 
+30°C in summer. Another criteria was the 
relative humidity which should never fall 
below 25% in winter and never exceed 
70% in summer.  
To achieve the goal of very low energy 
consumption and a very good indoor 
climate, a conventional ventilation system 
could not be used. The chosen system 
was one with very low pressure drops, 
featuring variable air flow using the laws of 
nature, complemented by modern 
technology. 
The school was brought into use in 
January 2008, and has since been the 
subject of several comprehensive studies. 

2. The school 
During the day-time, 280 pupils aged 10-15 years are educated at the school. An additional 55 
persons are employed as teachers, janitors, etc. The school was brought into use in January 2008.  



 

2.1 Construction  
The school covers an area of 4,030 m2 
distributed across two floors, with class 
rooms, study halls, teachers’ staff rooms, 
workshops, etc. A culvert and some other 
areas (a substation for district heating, 
electrical power and stores) are located 
under the school. The construction below 
ground level is made exclusively from 
concrete. The floor structure between 
level 1 and level 2 consists of concrete 
and rests on load-bearing partition walls 
of concrete and structural steel columns 
within the facade.  
The exterior walls are of a wood bar 
design. 
 
The school’s rooms are situated around a corridor. (See figure 2.) The supply air culvert is located 
under the corridor. From the culvert, ducts and other installations can easily be connected to every 
room.   

2.2 Building envelope  
The limitation of energy consumption is closely linked to the building envelope. The walls, floors, 
windows and roof construction have a very low U-value (W/m2,K). 

2.2.1 Wall construction  
The walls have a sealing layer made of bricks. Inside the bricks there is an air gap to divert moisture, 
then a solid layer of insulation, without beams. The core of the wall is constructed of wooden beams 
with intermediate insulation. A moisture barrier keeps the construction dry, and an additional layer of 
intermediate insulation and small beams is 
mounted outside the moisture barrier. The internal 
surface of the wall consists of gypsum boards 
mounted on a plywood board. (See figure 3.) This 
provides a U-value of 0.11 W/m2,K. 

2.2.2 Roof construction  
The uppermost layers of the roof are tiles made of 
concrete. Underneath are battens and counter-
battens. A sealing layer of roofing paper attached 
to tongue and grooved board protects the roof 
from rain and snow. Loose wool insulation, a 
moisture barrier and mineral wool between beams 
are the insulating part of the roof. The ceiling 
consists of gypsum board attached to a plywood 
board. The roof has a U-value of 0.08W/m2,K. 
(See figure 4.) 
 

2.3 Air tightness  
Heat does not only leave the building due to 
transmission. Another important factor is the heat 
loss generated by convection and unwanted 
ventilation. This loss is limited by building the 
school to be very air tight. The walls are designed 
and tested not to exceed 0.3 l/s per m2 at the 
pressure ± 50 Pa.  

3. The ventilation system  
The ventilation system in a building is of great 
importance for both energy consumption and the 
indoor climate. Vargbro School is fitted with a 
relatively unusual solution for ventilation.  

Figure 2. Plan, ground 
floor 

Figure 3. Section, exterior 
wall.  

Figure 4. Section, roof.
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3.1 Supply-air culvert  
The ventilation system is a combination of 
thermal ventilation and fan-driven 
ventilation, so-called hybrid ventilation. 
Under the school there is a culvert used for 
supply air. The culvert starts with a fresh air 
intake in the schoolyard. The culvert then 
runs towards the school. Under the school 
the culvert is split into two parts. Two fans 
are placed at this T-junction, one for each 
direction. From the fans, the culvert runs 
under the building towards the short end of 
the school and then turns to go back to the 
center of the school. (see figure 5.) After 
the turn the culvert is connected to supply 
air ducts -one duct per room in the school. 
Each duct is fitted with one regulating 
damper and one adjustment damper. (See 
figure 8, figure 9.) This makes it possible to 
control each room individually.  
Besides the practical advantage of having all 
dampers at a comfortable height and the 
economic advantage that the natural driving 
force brings, the main positive effect of 
having a culvert is that the energy in the 
ground affects the supply-air temperature. In 
the winter the thermal energy in the ground 
raises the temperature in the supply air by 
several degrees, while in the summer the 
ground has the opposite effect. The result is 
that the temperature of the supply air when it 
reaches the classrooms is never below 
+10°C in the winter and never above +20°C 
in the summer. (See figure 6) (Andersson, 
Göthberg 2010) 
The fans provide an overpressure in the 
culvert. The desired overpressure varies due 
to the outdoor temperature from 25 Pa on 
cold winter days to 90 Pa on warm summer 
days.  

3.2 Gravity filter 
Because of the culvert’s large cross-section area relative to the amount of air traveling through it, the 
velocity of the air is low. This causes sedimentation of particles in the culvert. The particles can then 
be removed with a vacuum cleaner. A study of a school with similar culvert as the one in Vargbro 
shows that the concentration of particles in the culvert is reduced through the culvert. (See table 1, 
figure 7) (Shild 2002)  

Figure 5. Plan culvert, location of supply air fans and 
location temperature sensors. 

Table 1. Due to the gravitation particles in the air end up on the floor in the culvert and the 
concentration in the air is reduced.  

Figure 6. The graph shows how the temperature of 
the air varies at different points and dates in the 
culvert.

Figure 7. Cross section of Jaer School. 
Shows the position of the measurement 
points.  



3.3 Demand controlled and seasonally adjusted 
ventilation 
The operating strategy is to create a good indoor 
climate in combination with energy efficient operation. 
Criteria used as basis when the ventilation system was 
planned is that the optimal indoor temperature is 20-
21°C, and the relative humidity should not fall below 
25-30% in the winter. In summer time an indoor 
temperature between 22-23°C and a relative humidity 
that does not exceed 60-70% should be strived for. To 
achieve the desired indoor climate, it is important to 
control ventilation according to current needs in every 
room. In general, the need is dependent on how many 
people are present in the room. If needed, the airflow 
in a room can be much higher than in a traditional 
school. To keep the temperature and the relative 
humidity within the limits, it is important to regulate the 
ventilation system in sequence with the radiator 
system. The room’s temperature should be used as 
guide for regulation. In the winter the cold outdoor air 
is very dry. The ventilation volume is as low as 
possible in the winter, resulting in higher relative 
humidity compared to conventional ventilation with constant air flow and heat exchange.  

3.4 Variable flow diffusers 
To be able to ventilate with 
highly fluctuating flows and 
very under-temperate air 
without downdraughts, special 
air diffusers have to be used. 
At Vargbro School, a type of 
passive diffuser with a counter-
weight that automatically 
controls the gap in relation to 
the air flow in the diffuser is 
used. The diffuser used is an 
Acticon® Flipper. (See figure 
10.) 
 

Figure 9. Ducts in the culver, every duct is 
fitted with a regulating damper and an 
adjustment damper.  

Figure 10. The supply air diffusers are constructed to manage 
under-temperate air and variable air flow without downdraughts.  

Figure 8. Ventilation principle. The supply air passes through the culvert, into the classrooms and 
is then exhausted passively through corridors and exhaust hoods on the roof.   



Figure 13. The green room with solar panels.  

3.5 Energy efficiency 
The supply air is mainly transported via the culvert and the exhaust air is transported through corridors 
and stairwells. This leads to very low pressure drops in the ventilation system. Specific fan power is    
< 0.5 kW/m3,s. 

4. Heating system 
The building is connected to the municipality’s district heating system which is heated using biofuel, 
this means that there are no emissions of fossil carbon dioxide due to heating the school. In the 
building the heat is distributed via a two pipe radiator system. With a few exceptions, only one radiator 
per room is needed, thanks to the good insulation. The radiators are generally placed on an interior 
wall directly above the culvert. This minimizes the pipe installation and the radiators’ control valves 
can be placed at a comfortable height in the culvert.  
The radiator system is adjusted as a low flow system. This means that the temperature drop is great in 
the radiator. The radiator has a high effect even when the flow is moderate; this leads to a silent 
system. A low-flow system has a low pressure drop which, in contrast to a conventional system 
enables good adjustability and even temperatures. 
 
4.1 Hot water 
To avoid heat loss due to hot-
water circulation, the hot water 
is processed by small water 
heaters locally where needed. 
(See figure 11.) 

4.2 Lighting 
Lights in classrooms and 
corridors are only turned on 
when they detect the presence 
of a person. Other areas have 
manually controlled lights. The 
lighting is also adapted 
according to the amount of 
daylight.   
 
 

4.3 Solar cells  
The school is fitted with 131 m2 of solar cells. Averaged over a full year, the annual energy production 
from these corresponds to 4 kWh/m² ua * year (See figure 12.) 
 

4.4 Green room 
The school has a special education room called the green room. In the green room, the pupils learn 
how solar panels and a small wind turbine heats water in an accumulator tanks. The water is later 
used in the school (See figure 13.) 

 

Figure 11.Hot water is heated locally in electric water heaters, heat
losses in hot water circulation system is avoided 

Figure 12. Solar cells and wind turbine on the roof 
generates energy.  



5. Results  
The school has been evaluated by evaluated by Jens Beiron from Karlstad University. His report 
“Drifterfarenheter från en energieffektiv skola (Operating experience from an energy-efficient school)” 
contains several opinion polls, which show that pupils and employees are very satisfied with the indoor 
climate all year around.  
Heating consumes 35 kWh/m² ua * year. In combination with low usage of electricity for operations the 
total weighted energy consumption is 30% lower than the Swedish criteria for passive houses and 
70% lower than the Swedish limit for new-build houses. In the summer the indoor temperatures never 
get too high despite the hot outdoor temperature, this thanks to the culverts passive cooling effect.  
Electricity to power fans and pumps has been measured at 2 kWh/m² ua * year. The energy needed to 
heat tap water has been measured to 2 kWh/m² ua * year. The total consumption of electricity to 
power fans, power pumps and heat water equals the annual energy production from the solar cells.  
(See table 2) 

 

6. Discussion  
If the district heating was changed to a geothermal heat-pump the bought energy for heating could be 
reduced to about 10 kWh/m² ua * year.  
A more efficient lighting system could have been used, the consumption for lighting is relatively high in 
the school. (Beiron 2010) The school has remarkably low consumption for fans and pumps, this is the 
result of the strive to keep all pressure drops in the system as low as possible.  
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Table 2. Results. Energy consumption.


