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Summary Table  
of key design parameters.

Building data

Building type Office

Total floor area 10 000 m²

Mean occupant density 15 m²/person

Occupied hours 2 250 hrs/year

HVAC data

Ventilation system type Air-conditioning with 
natural night-cooling

Heating system District heating

Cooling system District cooling

Design ventilation rate 5 ACH & 43 m³/h.person

Heat recovery efficiency Not applicable

Cooling load (maximum) 485 kW

Heating load (typical) 306 kW

Building fabric data

Window U-value 3.1 W/(m² K)

Window g-value 0.72

Exterior wall U-value 0.36 W/(m² K)

Base floor U-value 0.42 W/(m² K)

Roof U-value 0.26 W/(m² K)

Climate data

Design outdoor temperature 
for heating

5.4°C

Design outdoor temperature 
for cooling

29.4°C

Heating degree days  
(include base temperature)

1 727 degree days 
(base 20°C)

Cooling degree days  
(include base temperature)

85 days (base 24°C)

Annual energy use.

Heating 
35 kWh/m² 

18%

Cooling 
40 kWh/m² 

21%

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

Electricity 
120 kWh/m² 

61%

IntroductIon
The Parque EXPO building is located at an urban area of Lisbon near the Tagus River. It is adjacent to 
buildings of similar or greater height which may affect wind influence on ventilation and provide shad-
ing. Ambient noise level is low.
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Figure 3. The atrium between the two main 
building blocks, showing extensive glazing.

Figure 1. Plan of typical floor.

Figure 2. Section through the centre of 
the building.

BuIldIng 
descrIptIon
This building was designed to house the head-
quarters for the administration of Parque Expo 
98 and was completed in 1998. It was conceived 
as a low energy consumption building and its 
design employs a number of passive techniques. 
The total area is about 10 000 m² arranged on 
six office floors and four underground floors 
used for parking. Total occupancy of the office 
space is 650 persons. The building is composed 
of two blocks, one V-shaped in plan, to the east 
and the other, rectangular in plan, to the west. 
The two blocks are linked together by a full-
height atrium (Figure 3), which can be exploited 
for leisure activities. The enclosed atrium space 
is protected from the exterior by a glazed roof 
and walls.

desIgn 
solutIons
The building is connected to district heating and 
cooling systems. Heated or cooled air is distributed 
by air handling systems on each floor via a dis-
placement ventilation system. Control is achieved 
by varying water flow rate and by ventilation con-
trol. In addition to the mechanical ventilation the 
building is also designed to include natural venti-
lation using openable windows.

The building has been designed to reduce the 
cooling load using a number of features. Direct 
solar gain is reduced by the use of external shad-
ing. Each façade is fitted with an arrangement of 
perforated plates (see Figure 4). These cut out di-
rect radiation while allowing diffuse and reflected 
radiation for lighting purposes. The glazed roof to 
the atrium is protected by an automatically con-
trolled moveable shading device.

The envelope is externally insulated, resulting in 
a reduction in heat gain in summer and heat losses 
in winter. The building is designed to include sur-
faces with a high thermal mass to allow the use of 
night-cooling by natural ventilation.
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The building is designed to use natural lighting 
as far as possible. This is achieved by the glazed 
roof to the atrium, the design of the solar shad-
ing system noted above and by limiting the depth 
of occupied spaces. This results in a low artifi-
cial lighting load of 9.5 W/m². A further saving in 
lighting energy consumption is achieved by auto-
matic control of the artificial lighting system.

VentIlatIon 
strategy
The building incorporates both natural and me-
chanical ventilation. Basic ventilation is provided 
by the HVAC system which operates when either 
heating or cooling is required, or when natural 
ventilation provides insufficient fresh air. Each 
floor of each block has two air handling units 
which provide air to an under-floor plenum which 
in turn supplies air to the occupied space using 
displacement ventilation (see Figure 5). Air is ex-
tracted at the ceiling to the atrium via ducts built 
into the concrete structure of the floor above. 
From the atrium air passes out through the roof 
of the atrium (Figure 3), either under natural stack 
effect though purpose-built openings or under 
the action of extract fans. The passage of extract 
air through the concrete floor allows some heat 
recovery to air in the plenum space, thereby re-
ducing heat loss to the exterior. The air handling 
units on each floor are located in a room connect-
ed to the exterior and to the occupied zones via 
two automated grilles (see Figure 6). In summer 

Figure 4. North-east façade  
showing detail of shading surfaces.

Figure 5.  
Cross-section air flow distribution.

Figure 6. Schematic diagram  
showing air patterns from and to AHU.

air handling units provide 100% fresh air to the 
occupied spaces but during winter an automated 
grille provides a return air path from the occupied 
space allowing recirculation and, hence, faster 
space conditioning and removal of the necessity 
for humidification.

Natural ventilation is provided by cross ventila-
tion to each space, using openable windows and 
openings to the atrium. These are under the con-
trol of the occupants. Automatic control of the 
mechanical ventilation system ensures that this 
does not operate when there is sufficient natural 
ventilation. Natural ventilation is driven both by 
wind and the stack effect provided by the warmer 
air in the atrium.
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performance
(i) energy 

performance

Figure 7 shows the monthly average energy con-
sumption for heating and cooling for the last 
three years. Annual consumption for heating was 
35 kWh/m² and 40.8 kWh/m² for cooling. The 
monthly distribution is shown in Figure 7. The 
mean annual electricity consumption for the same 
period was 120 kWh/m².

In 2006, in accordance with the Energy 
Performance of Buildings Directive (EPBD), 
Portugal introduced regulations to control energy 
consumption in buildings. Consumption limits are 
expressed in terms of primary energy and cover 
the total expenditure of energy including heating, 
cooling, lighting etc. The limit for an office build-
ing, such as Parque EXPO, is 40 kgep/m² per year 
(under standard climatic conditions). Since heat-
ing and cooling for this building comes from a 
trigeneration plant, the factors for converting from 
delivered to primary energy are very low. The total 

consumption for the building, in terms of prima-
ry and corrected for climate, was 35 kgep/m² per 
year, well within the required limit of 40 kgep/m² 
per year despite the fact that the building had been 
constructed in 1998 well before the regulations 
came into force.

(ii) Indoor environment 
performance

(a)	Thermal
Figure 8 shows the indoor air temperatures in typ-
ical locations within the two main building blocks 
in comparison with supply air temperature and 
outdoor air temperature over a three week winter 
period. Despite substantial variation in the outdoor 
temperature, indoor temperatures remained with-
in the range 21ºC and 24ºC, above the Portuguese 
regulations for office buildings which require a 
minimum temperature of 20ºC. Figure 9 shows 
the variation of indoor temperature in a number 
of locations over two days in summer. In only one 
case did the temperature exceed the Portuguese 
regulation for a maximum temperature of 25ºC 
and, in this case, only by 0.5ºC.

Figure 7. Monthly distribution of heating and cooling consumption.
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(b)	Ventilation
Figure 10 shows the results of measurements of 
carbon dioxide concentration made under typical 
summer conditions in locations on three floors of 
the building. In all cases the concentration was 
well below the Portuguese regulation of a max-
imum concentration of 1000 ppm, indicating a 
good level of fresh air supply.

(iii) occupant 
assessment of 
performance

A questionnaire survey of occupants of the 3rd, 4th 
and 5th floors was carried out to assess satisfac-
tion with the indoor environment of the building. 
There were 75 respondents from a potential 
field of 167 occupants; a response rate of 45%. 
Although a higher response rate would have been 
preferred to avoid any bias towards ‘dissatisfied’ 
response, the results indicate a good degree of 
satisfaction typified by the overall assessment 
of 65% satisfaction with summer conditions and 
76% in winter. Lowest satisfaction at just under 
60% was with noise level which is a common 
problem with open-plan office arrangements. 

Figure 8. Indoor, supply and outdoor air temperatures for 3 weeks from 18 Dec 1998.

Figure 9. Indoor temperature for two 
summer days.

Figure 10. CO2 concentration values 
during two summer days.
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Design team information
Designers	and	contractors

Tenant Serviços Administrativos da 
Parque EXPO’98

Architects Architecturo EEIG / Arqui III

Structure Profabril, SA

Building Energy 
Services

Luís Malheiro da Silva. Lda

Energy/Environment 
Consultants

Roger Preston Associates 
CCE / EXPO’98 / DGXVII

Table 1.  
Summary of occupant assessment  

of the indoor environment.

Summer 
%

Winter 
%

People finding the overall 
indoor environment 
acceptable

65 76

People finding the thermal 
environment acceptable

60 74

People finding the indoor air 
quality acceptable

68 68

People finding the acoustic 
environment acceptable

58 59

People finding the  
air movement acceptable

71 74

Artificial 
%

Natural 
%

People finding the lighting 
acceptable

79 83

Occupants expressed a high degree of satisfaction 
with lighting, especially natural day-lighting.

desIgn lessons
One possibility suggested by this building is the 
use of moveable façade shading capable of adjust-
ing to changes in solar gain in order to optimise 
energy performance. Such an approach would 
require any savings to be concomitant with the ad-
ditional costs of implementation.

general
Key points concerning 
the design

Combined natural ventilation and 
mechanical ventilation with air-
conditioning and some heat recovery.

Use of perforated shading panels to reduce 
direct solar gain while allowing natural 
day-lighting.

Use of external insulation to reduce heat loss in 
winter and to provide internal thermal mass, 
in conjunction with night-time free cooling to 
reduce peak summer temperatures.

Extensive use of natural lighting to reduce 
energy consumption by artificial lighting.

references
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P Kristensen, ‘Natural and Artificial Lighting’, Energia e 
Espaço Urbano – O Caso da EXPO’98, 1996.

EXPO’98/CCE/THERMIE, A Global Strategy for EXPO’98 
Lisbon - Principles and Tools, 1996.

Brochure authors: J L Alexandre and M Silva, 
Faculdade de Engenharia da Universidade do 
Porto (FEUP).
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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

•

•
•

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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