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Summary Table  
of key design parameters.

Building data

Building type Kindergarten

Total floor area 500 m²

Mean occupant density 5 m²/person (min) 
13 m²/person (average)

Occupied hours 1 600 hrs/year (average)

HVAC data

Ventilation system type Natural ventilation

Heating system Not available

Cooling system Natural cooling

Total ventilation rate Not applicable

Heat recovery efficiency Not applicable

Cooling load Not applicable

Design heating load Not available

Building fabric data

Window U-value 1.6 W/(m² K)

Window g-value 0.62

Exterior wall U-value 0.2 W/(m² K)

Base floor U-value 0.12 W/(m² K)

Roof U-value 0.15 W/(m² K)

Climate data

Design outdoor tempera-
ture for heating

-12°C

Design outdoor tempera-
ture and RH for cooling

Not applicable

Heating degree days  
(include base temperature)

2 909 days (base 
temperature:17°C)

Cooling degree days  
(include base temperature)

Not applicable

Annual energy use.

The building is situated in a climate zone 
with a high heating load.

Heating and hot water 
115 kWh/m² 

84%

Electricity 
22 kWh/m² 

16%

IntroductIon
The building is located in a suburban area in the small town of Hirtshals on the Northern coast of 
Denmark. There are no buildings close to SFO Spirehuset and the neighbourhood consists of one storey 
buildings and open land with no tall trees. The building is not sheltered from either wind or sun.
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Figure 1. Plan view showing layout of the main zones.

BuIldIng 
descrIptIon
SFO Spirehuset is one-storey building, which func-
tions as an after- and before-school care facility. It 
opens at approximately 06:00 in the morning and 
stays open until 08:00, when children leave for 
school. After school, children arrive at approxi-
mately 13:00 and stay until 16:00. Between 08:00 

and 13:00 the building is cleaned and some cook-
ing takes place in the kitchen. At the peak times the 
building can be occupied maximum by 100 pupils, 
aged between 6 and 12 years old and 5 to 6 adults.

The building is divided into several zones, which 
are connected by an open-space common room 
(Figure 1). Five of these zones are directly con-
nected to the common room, while five smaller 
rooms can be closed off. Ceiling height in the 
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common room is significantly higher than in the 
other rooms (Figure 2). The core part of the build-
ing is of wooden construction, while all outlying 
zones are constructed from brick.

desIgn 
solutIons
The building is naturally ventilated, except for 
toilets and kitchen which are required by Danish 
building regulations to have a mechanical exhaust. 
Natural ventilation is automatically controlled, but 
users have a possibility for manual control (open-
ing windows) and can change the control strategy 
in the building, if needed. The natural ventilation 
principle is combined with the night cooling strat-
egy, which is activated during warmer seasons.

As part of the natural ventilation design, there are 
a number of windows in the roof (Figure 3). These 
not only provide openings for the air to leave the 
building but also provide natural lighting. On/off 
automatic light control is used in the toilets and 
ensures minimal use of energy for lighting. This 
is especially relevant when dealing with chil-
dren, who can often forget to turn off the light 
when leaving a room. Roller blinds are installed 
in the windows as an option for internal shading. 
However these are rarely used, as the shape of the 
building protects the large glazing areas from di-
rect solar gains. A special sound reducing finish 

was used for the internal surfaces to improve the 
acoustic qualities of the building.

VentIlatIon 
strategy
The design of Spirehuset makes use of both cross 
and stack natural ventilation principles. Stack ven-
tilation operates with lower air inlets located in the 
windows, at a normal window height, and upper 
exhaust openings located in the roof. The air enters 
smaller zones, on the periphery of the building. Air 
moves from these to the large common room, lo-
cated in the centre of Spirehuset (Figure 4). To 
encourage the stack effect, the roof of the com-
mon room is designed to be higher than those of 
the other rooms. If the concentration of carbon di-
oxide or air temperature in a smaller zone exceeds 
the set point, then the roof openings in the zone are 
also activated to provide exhaust openings.

In addition pulse ventilation is used; windows are 
opened automatically for short periods (180 sec-
onds) according to a time schedule. The degree 
of opening of the windows depends upon wind 
direction and outside temperature which are mon-
itored as part of the control system. In addition, 
the building is subdivided into 11 thermal zones, 
in each of which the air temperature and carbon 
dioxide concentration is monitored. When the 
concentration of carbon dioxide in a zone exceeds 

Figure 2. Section through the centre of the building.
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1000 ppm, or the air temperature exceeds a max-
imum set point, windows are opened outside of 
schedule for pulse ventilation.

Night cooling is automatically controlled accord-
ing to set point for air temperature in the building. 
Presently, minimum air temperature for night 
cooling is fixed at 18°C and average air tempera-
ture is set to 23°C.

performance
(i) energy 

performance
The annual energy consumption for hearing and 
hot water is 115 kWh/m². Consumption of elec-
tricity, which principally supplies lighting, is 
22 kWh/m².

Figure 4. The central common room.

Figure 3. Roof windows for ventilation 
and natural lighting.
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(ii) Indoor environment 
performance

(a)	Thermal

Long-term measurements taken from the automatic 
control system through a year, in general showed a 
satisfactorily level of the air temperature. The average 
number of occupied hours with a temperature above 
26°C was found to be below the 100 hours required 
by the Danish regulations. Excessive temperatures 
were found in one zone but only when occupancy 
levels exceeded the design level by 200%.

In 2007, detailed measurements were carried out 
for short periods during winter, spring and sum-

mer. Figure 5 shows a typical set of measurements. 
The results showed no problem with regard to the 
room temperature, except for the room with occu-
pancy overload.

(b)	Ventilation

From both long-term and short-term measure-
ments, CO2 level exceeded 1 000 ppm only when 
all of the occupants gathered together in Zone 
1. This is demonstrated in Figure 6. Natural 
ventilation was not designed for such a signifi-
cant overload and therefore CO2 concentration 
reached 1400 ppm. Otherwise, no problems 
were observed in the building with regard to 
ventilation.

Figure 5. Typical temperature measurements in the Spirehuset common room.
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Figure 6. Measured concentrations of carbon dioxide over one week 23/05/07 to 30/05/07.
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Design team information
Designers	and	contractors

Architect Bjerg Arkitektur A/S

Engineering 
Consultant

Windowmaster A/S, Rådgivende  
ingeniør ApS, Ejvind Rasmussen

Building 
contractor

Hirtshals Kommune

Summer 
%

Winter 
%

People finding the overall 
indoor environment 
acceptable

83 67

People finding the thermal 
environment acceptable

83 83

People finding the indoor air 
quality acceptable

100 83

People finding the acoustic 
environment acceptable

100 83

Natural 
%

Artificial 
%

People finding the lighting 
acceptable

100 100

Table 1.  
Summary of occupant assessment  

of the indoor environment.

(iii) occupant 
assessment of 
performance

A questionnaire survey was carried out to de-
termine the occupants’ perception of the indoor 
environment. The survey shows that occupants 
are generally very satisfied with the environment 
in the summer and slightly less satisfied in winter. 
A possible reason is a combination of the situation 
of work desks beneath roof windows and a lack of 
air tightness or high U-value of these windows, 
giving rise to draughts.

desIgn lessons
To avoid draught, guidelines for occupants on the 
location of working positions is required, partic-
ularly in those zones which may require high air 
change rates.

Indoor air quality is dependent not only upon 
ventilation provision but also on density of occu-
pation. It is important to ensure that occupancy is 
restricted to design levels if indoor air quality and 
comfort is to be maintained.

general
Key points concerning 
the design

Advanced automatic control of natural 
pulse ventilation, based on time schedule, 
carbon dioxide concentration and indoor 
temperature, moderated according to 
outdoor temperature and wind speed.

Ability for occupants to over-ride automatic 
control if required.

Brochure authors:  P Heiselburg and O Kalyanova, 
Aalborg University.
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BUILDING ADVENT
Full title of the project: Building Advanced Ventilation Technological examples to demonstrate 
materialised energy savings for acceptable indoor air quality and thermal comfort in different European 
climatic regions. Building AdVent is funded by the European Commission, Directorate-General for 
Energy and Transport as part of the Intelligent Energy - Europe Programme.

It is estimated that energy consumption due to ventilation losses and the operation of fans and 
conditioning equipment is almost 10% of total energy use in the European Union and that about one 
third of this could be saved by implementing improved ventilation methods. A number of projects 
have been undertaken under the auspices of the European Union (under the SAVE and ALTENER 
programmes) and the International Energy Agency (Energy Conservation in Buildings and Community 
Systems Annexes 26 and 35) to identify and develop improvements in ventilation technology.  
The AdVent programme is intended to build on these and has three principal objectives:

Classification of existing building ventilation technologies as applied in built examples and 
collection of information on building performance.
Identification of barriers for future application.
Preparation of case-studies in a common format, together with training material
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BUILDING ADVENT PARTICIPANTS
Coordinator
Buro Happold Consulting Engineers  ................................................................................................................................UK

Participating Organisations
Brunel University  .....................................................................................................................................................................UK
National and Kapodistrian University of Athens  ................................................................................................. Greece 
Helsinki University of Technology ............................................................................................................................ Finland 
Aalborg University ......................................................................................................................................................Denmark
Faculdade de Engenharia da Universidade do Porto ...................................................................................... Portugal
International Network for Information on Ventilation and Energy Performance (INIVE) ....................Belgium

Major Sub-Contractors
Federation of European Heating and Air-Conditioning Associations (REHVA) ...................... The Netherlands
International Union of Architects ............................................................................................................... France/Greece
—Architectural and Renewable Energy Sources Work Programme (UIA - ARESWP)

The sole responsibility for the content of this publication lies with the authors. It does not necessarily reflect the opinion of the European 
Communities. The European Commission is not responsible for any use that may be made of the information contained therein.
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