
 

 

Experience on Passive Cooling 
Techniques for Buildings 
The EU energy consumption trend for cooling is continuously 
increasing. Once essentially limited in southern countries and in 
non-residential buildings, today cooling demand is an issue in 
central and northern countries, as well as in dwellings. This paper 
presents relevant experiences on passive cooling techniques, 
showing their potential in mitigating the cooling energy 
consumption and in improving thermal comfort conditions in non-
cooled buildings. 

1 > Introduction 

Energy statistics show the increase of cooling demand throughout Europe, 
from Mediterranean to northern countries, the former with an impressive 
increase of the domestic cooling consumption. Beside the energy aspects, 
the global warming and the new constructions standards make the 
assessment of thermal comfort in not cooled buildings, 
necessary?/essential?. The Energy Performance of Buildings Directive [1] 
general considerations take note of this in paragraph (18). The relevant 
aspects to be included in the general framework for the calculation of 
energy performance of buildings are specified in points (g), (h), (i) of the 
Annex. 
 
The aim of this paper is to present some experiences on passive cooling 
techniques and strategies, able to reduce cooling loads or improve the 
thermal conditions in buildings. The experiences presented in this paper 
were selected according to the most relevant passive solutions for 
buildings, in particular: 
 

a. Night ventilation 
b. Ground cooling 
c. Evaporative cooling 
d. Cool roofs 
e. Green roofs 

 
It should be noted that for many applications that were carried out 
throughout Europe, the results on the impact of such applications were 
often missing. Moreover some important techniques, like radiative cooling, 
are not presented in the paper because the lack of real experiences. 

2 > Night ventilation 

Night ventilation strategies use the cool external air to decrease the indoor 
air temperature as well as the temperature of the building's structure. The 
cooling efficiency of night ventilation is based mainly on the relative 
difference between the indoor and outdoor temperature during the night 
period, the air flow rate as well as on the thermal capacity of the building 
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and the efficient coupling of air flow and thermal mass. Positive effects 
include: reduction of the indoor peak temperatures, reduction of the daily 
temperatures, especially in the morning; creation of a time lag between 
outdoor and indoor temperatures. Many applications were carried out during 
the past years, including direct and indirect night ventilation. The former is 
the direct cooling of air and structure surfaces temperature by the night 
fresh air, the latter the air circulated in a thermal storage at night. 
 
The Pleiade dwelling in Belgium is a typical example of direct night 
ventilation, one of the passive cooling solutions to be adopted in such 
buildings, which makes extensive use of passive solar gains in winter [2]. 
Horizontal and vertical structures of the building have an important 
thermal mass to optimise the night ventilation, while the windows are 
manually operated. The unoccupied building was monitored in August 
1997, according to the typical building use: bedrooms and toilets closed, 
common rooms, office and staircase open, attic space open. The building 
was equipped with temperature, heat-flow and air velocity sensors, and 
active tracer gas techniques were implemented in order to measure the 
main airflow rates. The average airflow rate was 1900 m³/h during the 
monitoring period, which corresponds to an air change rate of about 3 
volumes per hour. In the bedrooms the rate decreased to 1°C. The 
temperature difference between the indoor and outdoor air was 5.2°C and 
the average wind velocity 0.9 m/s. The monitoring campaign was 
characterised by an unusual warm weather with respect to the Belgian 
standards, with daytime outdoor temperatures reaching 30°C. Despite this, 
the indoor temperatures remained below 25°C ensuring a comfortable 
indoor climate at all times. This result proves the good performances 
achieved through night ventilation, mainly activated by stack-effect, 
combined with other solutions such as accessible thermal mass and solar 
protection, to achieve thermal comfort without cooling systems in 
residential buildings in the Belgian climate. 
 
The Open house in Seville is another example of successful night 
ventilation [3] application. The building is surrounded by other single 
family houses of the same size and there are no obstructions to the solar 
radiation or the prevailing winds. The climate zone presents hot summers 
with average daily maximum temperature of around 35ºC, but with a 
diurnal temperature variation of about 17ºC with a considerable potential 
for night-time ventilation. The house has 250 square meters of useful floor 
area and it is open to the winter sun with the two main facades facing 
south and southwest respectively, with a global window area of 37 square 
meters. The angular shape of the house acts as a catcher of the southwest 
night breezes. The depth is about 5m with no internal partitions in the 
ground floor to favour cross ventilation. External walls are made of two 
layers of massive brick with intermediate air layer and 4 cm of 
polyurethane foam. All thermal bridges have been eliminated so that the 
columns of the structure are incorporated to the internal inertia of the 
building. Solar control in the summer is guaranteed by a combination of 
vegetation, canvas and overhangs. The building has no mechanical cooling 
system, which is extremely unusual for buildings of this geometry and 
climate. The monitoring was carried out in July and August 2000 
demonstrated the usefulness of the night ventilation strategy, see figure 
on the left. The average indoor and outdoor temperature during the last 
two weeks of July were respectively 29.6 and 29.7°C, with the windows 
being closed and the thermal mass being the only means of supporting 
indoor temperatures mitigation. The outdoor temperature was 28.6°C 
during the first two weeks of August but the indoor average dropped to 
27°C with the windows open for the purposes of night ventilation. Comfort 
analyses suggest the application of ceiling fans in those rooms, like the 
kitchen, where for a significant number of hours the temperature was 
above 28°C. 

 
 
 
 
 

 
 
Gas tracer techniques for the 
night ventilation assessment in 
Pleaide, Belgium. 
 
 
 
 
 
 
 
 
 

 
The night ventilated Open 
House in Seville, Spain. 
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temperature profiles of Opera 
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3 > Ground cooling 

The technique is based on the use of the ground as a heat sink during the 
summer and winter period. The deeper in the ground, the more the 
temperature is attenuated, after a certain depth the ground remains at an 
almost steady temperature level, slightly higher than the yearly mean air 
temperature. The ground can be used as a heat sink either through direct 
contact of the building envelope (the floor and part of the walls, like in 
many examples of the vernacular architecture in the Mediterranean area) 
or by means of properly positioned buried pipes and air/water driven heat 
exchangers. It should be noted that in winter the pipes are used for 
preheating of the ventilation air, reducing thus the heating load of 
buildings. 
 
This technique was applied in the Jaer primary schools in Norway [4].  
A 20 meter long ground-coupled duct (culvert), with a 1.6 m diameter, 
connects an air intake tower with the ventilated building. The duct is 
made of concrete and it is accessible for inspection and cleaning. The 
system has two parts: the first part transports air from the air-intake to 
the building, while the second distributes the air to the vertical shafts 
which lead to different rooms. A fan is situated in the duct providing an 
additional pressure to be coupled to the stack-effect. Air and surface 
temperatures and air flow rates were monitored in the culvers for 
extended periods between 2000 and 2002. It has to be noted that even 
though the cooling loads in the Norwegian climate are relatively small and 
the outdoor temperature remains in the comfort range, nevertheless some 
cooling loads arise during warmer days in combination with internal and 
solar gains. The measurements show that the buried ducts provided 
significant cooling effects. In cold climates with cool night temperatures, 
the cooling flux from the culvert surfaces stabilizes at around 100 Wh/m² 
after a long warm period. The value were doubled by increasing the 
airflow rate at night, with no use of electricity and no risk for emission of 
toxic or harmful greenhouse gases. The use of such concrete culverts 
ensured, together with suitable airflow regulation, that the supply air was 
colder than room air, which was crucial for displacement ventilation. 
Conservative calculations showed that the duct provides 4 kW of cooling 
with an outdoor temperature of 18°C at 0.9 m³/s. 
 
The Aggelidis building is a paper warehouse placed on a site of 10.900 m², 
in the outskirts of Athens [5]. It has three levels: the basement where the 
parking and central mechanical equipment are placed, the ground floor for 
the main storage room and lifting platforms, and the first floor for special 
products storeroom, platform and offices. Along with several energy 
efficient techniques, the building is equipped with an earth to air heat 
exchanger, combined with simple ceiling fans for air conditioning in the 
office areas. The earth to air heat exchanger has two tubes of 0.315 m 
diameter buried at a 2 m depth around the building. The length of each 
pipe is 50 meters. They are designed to provide 4500 m³/h of air (with an 
air velocity of 8 m/s). The building was monitored in 2004 to assess the 
effectiveness of the energy saving techniques. The mean temperature drop 
at the exit of the temperature was close to 5°C. The use of the earth to 
air heat exchangers has permitted to keep indoor temperature inside the 
comfort levels without the use of air conditioning. 
 
The Slunakov Ecological Education Center (SEV) in Olomouc, Czech 
Republic, was designed to educate the public about the environment and 
its processes and to support the public environmental awareness [6].  
The building was designed as an inhabitable mount – a dune that fluently 
blends into the surrounding terrain. The earth-covered roof was an 
important part of the urban concept. The earth heat exchanger pro is 
unique in the Czech Republic. The system provides cool filtered air in the 

 
 
 
 
 
 

 
The concrete ground duct in 
Jaer School, Norway. 
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summer, 2750 m³/s corresponding to an exchange rate of 0.77 h-1. Several 
pipes are horizontally were placed one above the other, due to the limited 
available space. The control of the outdoor air was implemented as follows 
if the outdoor air temperature is between 12ºC and 22ºC, the intake of 
fresh air enters directly into the building through the openings located on 
the sidewalls of the building. When if the external air temperature is 
above 22ºC, the intake of external air goes through the earth heat 
exchanger, where is cooled before entering into the building. 

4 > Evaporative cooling 

Evaporative cooling is a technique based on the effect of evaporation as a 
heat sink. The cooling of air is obtained as an amount of sensible heat is 
absorbed by the water and used as a latent source for evaporation. 
Evaporative cooling can be direct or indirect. In the former, the water 
content of the cooled air increases, being the air in contact with the 
evaporated water. In the latter, the evaporation takes place inside a heat 
exchanger, without a change in the water content of the air. Modern 
systems combine the evaporation effects with the movement of the cooled 
air. This can happen naturally (passive evaporative cooling) or with 
mechanical integration (hybrid evaporative cooling). 
 
The Stock Exchange building in Valletta, Malta, was originally a church 
dating back to the 19th century [7]. It is exposed to solar radiation on the 
south-west edge and to prevailing north-western winds, which typically 
blow during the day and leave the nights calm. The building was 
refurbished creating a 5 storey atrium surrounded by office spaces. 
Evaporative cooling was ensured for dry air conditions, while the cooling 
demand was satisfied by chilled water coils in humid air conditions.  
The large central space was managed by four strategies in summertime, 
the first one is the automated natural ventilation with aperture at the top 
of the building and at the lower ground levels. A chiller based on 
downdraught cooling by means of two chilled waters circuits serves coils 
adequately tilted in order to encourage the airflow, the natural ventilation 
is set to the minimum aperture when the coils are switched on. Night time 
convective cooling useful when temperatures goes below 23°C, is 
activated by wind or buoyancy forces through the dampers at the ground 
floor. Passive downdraught cooling implemented by 14 hydraulic nozzles 
operating in dry air conditions. This last strategy requires for a total 
volume of water of 90 litres per hour at a pressure of 25 bar. The system 
works in conjunction with the vents on the top level and the dampers to 
maximise the apertures, unless the wind goes above a threshold value.  
The building started operating in August 2001 and some performance 
assessments of the cooling system were performed. The period was very 
humid, hence not very useful information about the passive evaporative 
systems were collected. 
 
Another evaporative cooling experience was implemented in Midershet Ben 
Gurion, Israel for the Blaustein Institute for the Desert research [7].  
The site has strong daily and seasonal temperature excursions, with hot 
and very dry summers, with advantage of extended thermal comfort range 
of up to 28°C. This is a three storey 800 square meters building, hosting a 
number of activities typical of a big university, from classrooms to offices 
and a cafeteria. The prevalent orientation is north/south and the plan is 
characterised by a large atrium, figure on the left. All the rooms are open 
to the atrium, source of fresh air and natural light, witch was conceived ad 
an to an enclosed courtyard. Here the downdraught cooling was built, 
thanks to a shower tower incorporated in the centre of the atrium.  
The first floor is below the ground level, which partly protect the walls 
from the harsh thermal conditions. All the walls are concrete masonry with 
additional insulation. Water at low pressure is pumped to the top of the 

 
 
 
 
 
 
 
 
 
 

 
 
The evaporative cooling 
scheme in the Stock Exchange, 
Valletta, Malta. 
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evaporative tower in 
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tower and sprayed as droplets into the open shaft. The downdraught forces 
cool air into the atrium, but because of the low pressure the water does 
not evaporate and it is collected by a pool below the tower. Offices are 
equipped with conventional air conditioning that also takes advantage of 
the downdraught pre-cooling of the supply air. The monitoring showed that 
the tower supplied 100 kWh of cooling in a typical summer day without 
significant energy consumption and that most of the cooling took place in 
the first two meters of the tower height. Temperature and humidity were 
measured in the atrium space at different heights in July 2008. The results 
showed that the first two floors presented acceptable comfort conditions, 
with the air temperature having small excursions whatever the outdoor air 
temperature was, while the cooling affect at the second floor was 
practically negligible. The system also provided an increment of the 
relative humidity, with respect to the low outdoor levels. The satisfactory 
comfort conditions were also confirmed by a post occupancy evaluation. 

5 > Cool Roofs 

Construction materials are characterised by high solar absorptances, which 
enhance high solar gains through the opaque envelope components in 
summer. Cool materials are characterised by high solar reflectances, which 
reduce the solar gains during daytime, and high emittances, which help 
the buildingradiate away the stored heat. They are effective on roofs, 
because of the high solar radiation levels on horizontal and sloped surfaces 
in summertime. Cool materials include several categories of products and 
their performance on buildings depends on several parameters (among 
them: climate, building use, building geometry and insulation). 
 
A cool roof application was carried out in Trapani, on the Sicilian west 
coast in Italy [8]. The single floor building hosts offices and laboratories of 
a public secondary school and hasa flat roof with a surface greater than 
700 square metres. The original roof was made of concrete tiles with an 
average estimated solar reflectance of 0.25. The dark roof was one of the 
reasons that caused the very warm conditions in the non- cooled building 
in summertime. The roof surface was treated with a white coating in the 
summer of 2009. The solar reflectance was raised to 0.85 and the building 
was monitored in order to evaluate the impact on the indoor thermal 
comfort. The monitoring started in May and lasted until the end of 
September. The cool roof application was made in early July. The 
monitoring included the air temperature evolution in a room dedicated to 
office activity, actually under renovation. Considering only the days with 
an outdoor temperature higher than 25°C, it was found out that before the 
cool roof applications the indoor air temperature was 1.8°C higher than 
the outdoor one (26.2 and 24.4°C, respectively). After the cool roof 
application the indoor temperature was 1.1°C cooler than the external one 
(27.1 and 28.2°C, respectively). The roof surface temperatures were 
strongly reduced as presented in the aside figure, where the temperature 
of the original roof, the cool roof and the external air are plotted. The 
cool roof surface temperature (blue line) is a few degrees higher than the 
outdoor air temperature (black line) during daytime, becoming several 
degrees cooler in August because of the radiative thermal losses. The 
original concrete tiles (red line) reach up to 20°C higher than the white 
coating, even if at night they get cooler than the air temperature. It is 
worth noting that the limited thermal stress of the cool material, generally 
not higher than 15°C, will increase the building component life span. The 
study also included an estimation of the potential energy savings in the 
same building if cooled. With the building not being insulated, the impact 
of the cool roof is very strong; in fact it was found that by increasing the 
solar reflectance by 0.6 (from .25 to 0.85), the cooling energy demand 
would be reduce by 54%. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Cool roof coating in a public 
building in Trapani, Italy. 
 
 
 

 
Roof surface temperatures 
before the application of the 
cool coating in Trapani 
building. 
 
 
 
 
 
 

 
 
Thermal Images before and 
after the cool roof application 
in school in Kaisariani, Athens, 
Greece. 
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Another interesting cool roof application was carried out in a primary 
school building in Kaisariani, Athens, Greece [8]. The 2 floor building is not 
cooled and suffers from overheating during the warm season. The structure 
dates back to 1980 and in accordance to the period techniques it is not 
insulated. The flat roof is 400 square meters and the initial surface was 
finished with cement and gravel screed, whose albedo was estimated to be 
0.2. The cool coating increased the solar reflectance to 0.89. The impact 
of this change is shown in the aside figure, where the thermal images of 
the roof before (above pictures, left false colour and right natural 
pictures) and after the cool coatings are presented. Surface temperature 
differences are around 12°C, significant result since the pictures were not 
taken during the peak solar conditions when the cool effect reaches its 
maximum. The indoor air monitoring was carried out during spring and 
summer of 2009, with the building working in the free floating conditions. 
The findings of the monitoring were used to calibrate a numerical model in 
order to estimate the potential benefit of a cool material application 
under the same climatic conditions and for the same building. The study 
demonstrated that the first floor average temperature decreases by 1.8°C 
when reducing the solar absorptance from 0.8 to 0.1, with a maximum and 
a minimum temperature reduction of 2.8 and 0.7°C respectively. Positive 
effects were estimated also at the ground floor, which is not directly 
coupled with the roof. The average temperature reduction was 0.5°C. The 
analysis also demonstrated that the potential cooling energy savings of the 
building were about 40% with respect to the initial demand and that the 
cooling peak was reduced by 20%. This study also described the achievable 
results in case that the building was insulated. As expected, savings were 
still significant, even if their magnitude was reduced with respect to the 
non-insulated configuration. 

6 > Green Roofs 

Green roofs, or ecoroofs, are becoming an appealing technique because 
they affect building aesthetics, improve of the air quality in urban areas 
and mitigate the urban heat island. Green roofs improve the building 
insulation thanks to the soil layer thermal resistance but also improve the 
building solar control, with most of the incident solar radiation being 
absorbed by the vegetation layer for photosynthesis, respiration and 
evapo-transpiration. The result is the reduction of the thermal load to the 
indoor environment with respect to a standard roof. Performances of green 
roof are strongly affected by the used materials, building characteristics 
and use and climatic conditions. 
 
The famous Italian architect Renzo Piano designed the new California 
Academy of Sciences building, according to energy efficiency and 
sustainability criteria. Among them, a 10.000 square meters green roof. 
One of the architect’s objectives was to design a building that did not 
need to be cooled. A complex system of sensors manages the aperture of 
the windows to allow fresh air inside, but the contribution of the green 
roof in mitigating the indoor air temperature is significant. The figure on 
the left shows another building in which an important application of green 
roofs was implemented the Technical University Delft Library, 
accomplished in 1998. Even though many experiences are collected until 
today, the availability of results in terms of energy savings, as well as 
thermal comfort improvements are still missing. 
 
The performance of green roofs installed on the top of various buildings 
were analysed in Athens [9]. The experience of a nursery school in Athens 
is of particular interest to demonstrate the potential of the technique. The 
overall area of the building is 855 square meters for two floors and the 
building is not insulated. A typical local wild plant was chosen as 
vegetation layer, according to: length of blooming, site conditions and 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The green roof on the 
University Library, Delft,  
The Netherlands. 
 
 
 
 

 
Frequency distribution 
comparison of the indoor 
temperature in a school with 
and without a green roof 
application, Athens, Greece. 
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watering demand. The implementation required a daily irrigation quantity 
of 1.2 kg/square meters for the latter. The leaf area index (ratio of the 
foliage surface to the soil surface) was set to 0.4. The external climatic 
conditions (air temperature and relative humidity) and the indoor air 
temperature were continuously monitored. A detailed building model was 
implemented starting from the collected data, with the aim of comparing 
the energy performance of the building in that climatic context and 
equipped with the standard roof and the green roof. The figure on the left 
shows the cumulative distribution of the indoor air temperature without 
(blue line) and with (red line) green roof. The green roof resulted in a 
noticeable reduction in discomfort hours, typically above 26°C. The 
positive effect also arose when dealing with potential cooling energy 
savings. The cooling load reduction varied between 15 and 49% for the 
whole building during the summer months. When referring the zone below 
the green roof, these savings increased and varied between 27 and 87%. 
The extreme benefits were predicted for May, when the absolute cooling 
demand is the smallest. The cooling savings were not associated with 
remarkable heating penalties for this application, because of the 
additional insulation provided by the soli layer. 
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