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Summary Table  
of key design parameters.

Building data

Building type Multifunctional: offices, public 
areas and an internal vehicle 
loading zone

Total floor area 1 215 m² (offices);

Mean occupant density 30 m²/person

Occupied hours 3 000 hours/year

HVAC data

Ventilation system type Mechanical ventilation; natural 
ventilation for night cooling

Heating system Ground source heat pump, un-
der-floor and ceiling panel heating

Cooling system Ground source, ceiling panels, 
night ventilation

Ventilation rate Office areas: 2 800 m³/h
Seminar rooms: 1,000 m³/h;  
(CO2 < 1 000 ppm)

Heat recovery efficiency 78% to 86%

Design cooling load 25 W/m²

Design heating load 13 W/m²

Building fabric data

Window U-value 0.85 W/(m² K)

Window g-value 0.52 – 0.60

Exterior wall U-value 0.1 W/(m² K)

Base floor U-value 0.1 W/(m² K)

Roof U-value 0.1 W/(m² K)

Climate data

Design outdoor tempera-
ture for heating

-10°C

Design outdoor tempera-
ture and RH for cooling

Not applicable

Heating degree days  
(include base temperature)

3 923 days (base 15°C)

Cooling degree days  
(include base temperature)

Not applicable Annual energy use.
(Total electricity 72.6 kWh/m²)

Heat pump 
7.5 kWh/m² 

10%
Lighting etc. 
23.1 kWh/m² 

32%

HVAC equipment 
42.0 kWh/m² 

58%

IntroductIon
The building is located in a suburban area with low rise buildings. The building is relatively  
unsheltered and is not subject to shading.

The building is situated in a climate zone 
with a high heating load.
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BuIldIng 
descrIptIon
The building was completed in 2003 and serves 
a missionary organisation dispatching goods to 
developing countries. Its use is multifunctional, 
serving to provide office accommodation, sem-

Figure 1. Plan view of floors  
[Source: AEE-INTEC, 2005].

(a) Ground floor.

(b) First and second floor.

inar rooms, restaurant and exhibition facilities, 
warehousing and a loading bay. It consists of 
three floors and a basement (see Figure 1). Office 
and public areas are occupied by 40 people and 
have an area of 1 215 m². The remaining building 
area is used for parking vehicles (325 m²) and a 
basement (550 m²). The building is semi-circular 
with a central atrium.

desIgn 
solutIons
The principal objective of the design was to re-
duce energy demand to ‘passivhaus’ standards, 
with the remaining energy demand covered as 
far as possible from renewable sources, while 
simultaneously providing occupants with a 
high standard of comfort. Heating loads were 
minimized by the use of a high level of insu-
lation and limited glazing area with the aim of 
reducing heating consumption to 15 kWh/m². 
Infiltration losses were reduced by designing 
for an air tightness of 0.6 ach at 50 Pa. Heating 
is supplied using an air distribution system and 
ceiling panels in the office and seminar rooms, 
supplemented by underfloor heating in the atri-
um area. The air supply system, incorporates 
heat recovery in the form of air to air heat ex-
changers, with efficiencies in the range 78% to 
86%. The heating systems are supplied with wa-
ter heated by a heat pump (43 kW; COP = 4) 
which uses water circulated through pipes in 
deep boreholes as its source (see Figure 2). In 
summer, cooling is provided by circulating this 
water through the ceiling panels (see Figure 3) 
and heat exchangers in the air supply system. 
Additional reduction in peak summer tempera-
tures is achieved by using high thermal mass in 
the interior of the building and night-time natu-
ral ventilation. In addition domestic hot water is 
served by 5 m² solar collector. Photovoltaic col-
lectors on the façade and roof provide 9.8 kWpeak 
electricity.
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VentIlatIon 
strategy
The office and seminar rooms are each served by 
a balanced mechanical ventilation system (see 
Figure 4) supplying 2 800 m³/h and 1 000 m³/h 
respectively. Each system is fitted with a rotary 
heat exchanger with efficiencies of 78% and 86% 
respectively. The seminar rooms are equipped 
with CO2 sensors which allow the supply to be 
regulated to ensure that concentration does not 
exceed 1 000 ppm.

Additional cooling is provided at night by nat-
ural stack ventilation through automatically 
controlled vents. In combination with the in-
ternal thermal mass, this assists in reducing the 
cooling load.

Figure 2. Schematic arrangement of the heating/cooling system  
[Source: AEE-INTEC, 2005].

Figure 3 Water-filled ceiling panels  
which provide heating and cooling  

[Source: AEE-INTEC, 2005].
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Figure 4. Schematic diagram of the balance mechanical air distribution system 
[Source: AEE-INTEC, 2005].

performance
(i) energy 

performance

The heating consumption was measured as 
20 kWh/m² floor area and the maximum heat load 
was 13 W/m² for the winter operation. During the 
cooling period the measured cooling consump-
tion was 6.4 kWh/m² floor area and the maximum 
cooling load was 11 W/m². Total electrical energy 
supplied from the electricity grid for the year May 
2004 to April 2005 was measured and found to be 
108 742 kWh. Of this 51 300 kWh was attribut-
able to the HVAC system and 9 113 kWh to the heat 
pump. The remainder, 48 329 kWh was for lighting 
and other electrical equipment. On a heated area ba-
sis, this gives electricity consumption of 47 kWh/m² 
per annum for HVAC equipment, 7.5 kWh/m² per 
annum for the heat pump and, based on total floor 
area, 23.1 kWh/m² per annum for lighting and other 
electrical uses.

(ii) Indoor environment 
performance

(a)	Thermal

Internal temperature and relative humidity were 
measured in the office rooms over a winter period 
(December to March 2004) and a summer peri-
od (July to September 2004). These are shown in 
figures 5(a) and 5(b), together with outdoor air 
temperature and solar radiation.

Indoor temperatures remained within the band 
22°C and 23°C during the winter months and be-
tween 23°C and 26°C during the summer.

(b)	Ventilation

The fresh air supply to the more densely occu-
pied rooms was controlled by measuring the 
carbon dioxide concentration and ensuring that 
there was sufficient supply to maintain this below 
1 000 ppm.
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(a) Winter period (January 2004 to March 2004).

(b) Summer period (July 2004 to September 2004).

Figure 5. Measured variation of indoor temperature and relative humidity over winter 
and summer periods (Ta – outdoor air temperature; Ti – indoor air temperature;  

rH – indoor relative humidity; Is – solar radiation).

(iii) occupant 
assessment  
of performance

A representative survey of 42% of the occupants is 
summarised in Table 1. The results indicate a very high 
level of satisfaction with the indoor environment.

desIgn lessons
The successful outcome of the project showed the 
importance of integrating the work of the design 
team at an early stage and coordinating all aspects 
that related to energy consumption. The project 
also demonstrated the need to ensure that the de-
sign matched closely the expected pattern of use 
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of the building. Other lessons included:

Sensor-controlled lighting and shading de-
vices are very efficient in ensuring optimum 
use of daylight

The use of a ventilation system controlled by 
CO2 sensors provides a high level of air quality

It is important to ensure that the ventilation 
and heating systems are turned off during 
periods when the building is not occupied

Systems should be monitored on a 24 hour 
basis so that action can be taken by in the 
event of a problem occurring

Continuous monitoring of the energy used 
by the building enables Monitoring of the 
whole energy system is very useful to find 
out if the design of the building and its en-
ergy supply worked well

general
Key points concerning 
the design
It is possible to apply the ‘passivhaus’ concept to a 
multi-functional building and with careful design 
and incorporation of heat recovery, the use of ground 
source water for cooling and as a source for a heat 
pump to achieve very low energy consumption.
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Design team information
Designers	and	contractors

Tenant BBM Austria

Architect Schmidt Dipl.Ing. Albert P. Böhm and 
Mag. Helmut Frohnwieser, Linz

Engineering 
consultant

AEE Intec, Gleisdorf

Main Building 
contractor

Bliek en Vos bv

Summer 
%

Winter 
%

People finding the overall 
indoor environment 
acceptable

93 100

People finding the thermal 
environment acceptable

93 92

People finding the indoor air 
quality acceptable

79 77

People finding the acoustic 
environment acceptable

86 92

Natural 
%

Artificial 
%

People finding the lighting 
acceptable

86 92

Table 1.  
Summary of occupant assessment  

of the indoor environment.



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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