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• High temperatures & solar radiation also in spring and 
autumn in moderate climates (Ghent, sept 2020)
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Context

Technologiecampus Gent
Faculteit Industriële Ingenieurswetenschappen



• Evolution to nZEB (nearly zero energy buildings)
– Reduction of the heating demand
– Airtight
– Highly insulated

Context

Passiefschool Nijvel
Source: A2M architects

Passiefschool Ede (NL) 
Source: BouwQuest 3



• Challenges in nZEB buildings
– Increase in cooling demand all

year round
– Cooling demand depends

more on
• Solar radiation
• Internal heat gains

– Overheating most reported
problem

– Need for
• conceptual and building 

technical measures
• energy efficient cooling systems
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Context



• Resilient ventilative cooling
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Context

https://venticool.eu
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download via: http://venticool.eu/annex-62-publications/deliverables/

9

Ventilative cooling: design guide

Technologiecampus Gent
Faculteit Industriële Ingenieurswetenschappen



Ventilative cooling
• Attractive & energy efficient passive 

solution to cool buildings & avoid 
overheating
– Ventilation already present in most buildings 

through mechanical and/or natural systems
– Ventilative cooling: remove excess heat 

gains & increase air velocities -> widen  
thermal comfort range

– cooling need not only in the summer period 
-> increased possibilities free cooling 
potential of low temperature outdoor air
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iGent (Zwijnaarde) 
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Ventilative cooling: strategies



• Componenten
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Ventilative cooling: components

Politiekantoor (Schoten) 



download via: http://venticool.eu/annex-62-publications/deliverables/
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Ventilative cooling: Case studies

Technologiecampus Gent
Faculteit Industriële Ingenieurswetenschappen



• 11 non-residential & 4 residential buildings
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Ventilative cooling: Case studies

Technologiecampus Gent
Faculteit Industriële Ingenieurswetenschappen



13

Ventilative cooling: strategies

Technologiecampus Gent
Faculteit Industriële Ingenieurswetenschappen



2-5-2021 14

Overview
• Context
• Ventilative cooling
• Test lecture rooms
• Future proof?
• Conclusions



KU Leuven Ghent Technology Campus (BE)
– Zone 1 and 2: Floor area = 140 m²
– varying occupancy
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Test lecture rooms



• PassiveHouse standard
– U-values < 0.15 W/m²K
– Air tightness n50 < 0.6 h-1

• Thermal mass: light/medium
• Solar shading

– External: moveable screens (SW)
– internal

Building envelope
U 
(W/m²K)

Ground floor 0.15
roof 0.14
façade 0.15
window (Ug/Uf) 0.6/0.75



All-air system
• Ventilation

– Airflow = 4400 m³/h
– Heat recovery: η = 78%
– CO2-controlled
– displacement ventilation
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All-air system
• Heating

– Production
• Pellet boiler: η = 1.06, 8 kW, storage = 600l

– Distribution and emission
• Heating coils ventilation supply (2 x 7.9 kW)
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• Indirect evaporative cooling in AHU
– Max cooling capacity 13.1 kW
– Activated: Ti > 26°C or Te > 22°C

• Natural night ventilation
– Motorized bottom-hung windows
– Effective opening area = 4% floor area
– Cross ventilation
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Ventilative cooling

Ghent Technology Campus
Faculty of Engineering Technology



Monitoring
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• night ventilation during warm period
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Operation Ventilative Cooling



• IEC during warm period

22

Operation Ventilative Cooling



Operation IEC



Performance IEC

• Effectiveness 𝜀 ൌ 𝜃௘ െ 𝜗௦௨௣௣௟௬𝜃௘ െ 𝜗௪௘௧ ௕௨௟௕,௥௘௧௨௥௡

Source: Steeman et al. (2009), Performance evaluation of indirect evaporative cooling using whole-buildinghygrothermal simulations
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Thermal summer comfort
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Thermal summer comfort
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• Increase in severity and duration

Heat waves
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Resilience

Source: Moazami et al. (2019), Robust and resilient buildings: A framework for defining the protection against climate uncertainty



• When capacity of cooling system allows
– to withstand or recover from disturbances (heat waves + 

power outages)
– To adopt strategies after failure to mitigate degradation

of building performance (recover)

Resilient cooling

https://annex80.iea-ebc.org/

Source: Shady et al. (2021), Resilient cooling of buildings to protect against heat waves and power outages: Key concepts and definition



• Recovery capacity
– Time until reaching designed

thermal conditions
– Moderate/high for IEC

• Absorptive capacity
– Ability to absorb impact and 

minimize consequence
– Moderate for IEC

Assess resilience of cooling

Source: Chen et al. (2021), Resilient cooling strategies- a critical review and qualitative assessment
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• IEC = natural cooling strategy supplementary to
ventilative cooling

• Test lecture rooms
– Good thermal summer comfort except during heat 

waves/high occupancy
– IEC

• Significantly lowers supply temperature
• Effectiveness of 88%

• Future proof? IEC = moderate to high resilient to
overheating

Conclusions


