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Performance	evalua.on	of	fenestra.on	systems:		
problem	statement	

n  Fenestration systems have opposing effects on solar heat 
gains, daylight availability, glare control and view contact. 

n  The balance between these aspects depend on: 
n  Building and surrounding geometry  
n  Building operation (dynamic) 
n  Size, position and orientation of fenestration systems 
n  Optical and thermal properties of systems 
n  Control of systems (dynamic) 
n  Climate (dynamic) 
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n  The performance evaluation of fenestration systems 
requires: 
n  Definition of evaluation criteria. 
n  Characterization of their optical and thermal properties. 
n  Dynamic simulations to evaluate the performance 

under specific climate and boundary conditions. 

Performance	evalua.on	of	fenestra.on	systems:		
problem	statement	
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n  Photogoniometer: bidirectional scattering distribution function (BSDF) 
n  Calorimeter: U-value and angle-dependent solar heat gain coefficient 

(g-value) 

Characteriza.on	of	op.cal	and	thermal	proper.es	

(left) Photogoniometry laboratory; (right) Colometric 
Outdoor test Facility for Real-size building Envelope 
Elements. Fraunhofer ISE 
 



© Fraunhofer ISE  

5 

FENER 
ENGINE 

BSDF data 
of the 

fenestration 
sytem 

Calorimetric 
data of the 
fenestration 

system 

Geometry 

Building 
operation 

Climate 

Energy 
Daylight 

Glare 

Performance	evalua.on	based	on	dynamic	simula.ons	
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n  Shading operation according to a 
control algorithm. 

n  Indoor illuminance. 3-phase method 

n  Artificial lighting requirements. 

n  Transmitted solar radiation absorbed 
by indoor surfaces. 3-phase method 

n  Outdoor energy balance. 

n  Indoor energy balance. 

n  Heat transmission through walls 

n  Heat transfer through windows. Black-
Box model 

 

Performance	evalua.on	based	on	dynamic	simula.ons	
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Performance	evalua.on	based	on	dynamic	simula.ons	
Black-Box model (Kuhn et al 2011)	

Two-pane 
window 

„Black-Box“ 
model 

•  Angular dependent 
absortivities 

•  Thermal resistance 

•  Angular dependent g-values 
•  Directional-hemispherical 

transmittance 
•  Directional-hemispherical 

reflectance  
•  U-value 

Complex 
fenestration 
system 
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n  Building	energy	demand		

n  TransmiIed	solar	irradiance		

n  Average	work-plane	illuminance		

	

		

	

FENER	vs	EnergyPlus 

FENER	vs	EnergyPlus	vs	Radiance 

FENER	vs	Radiance 

Simula.ons		are	carried	out	for:	

ü 2	different	FenestraBon	systems ü 2	different	days	of	the	year 

SUMMER 
WINTER 

Bueno, B., J. Wienold, A. Katsifaraki, T.E. Kuhn, 2015. Fener: a Radiance-based modelling 
approach to assess the thermal and daylighting performance of complex fenestration systems in 
office spaces. Energy and Buildings 94 10–20. 

Model	evalua.on	
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FENER-WEBPORT 

https://fener-webport.ise.fraunhofer.de 
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FENER-WEBPORT 
WORKOUT EXAMPLE: CONTROL STRATEGY 

Tilt 0° 45° 90° 
U 1.2 1.2 1.1 
g0 0.60 0.13 0.02 
tauv0 0.74 0.13 0.00 

https://fener-webport.ise.fraunhofer.de 
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n  Specific for the evaluation of fenestration systems and their control 
n  Allows the assessment of advanced shading control strategies 
n  Allows the evaluation of a broad variety of fenestration systems 
n  Allows a permanent communication between numerical models and 

measurements 

FENER-WEBPORT:	Highlights	
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n  Specific for the evaluation of fenestration systems and their control 
n  Allows the assessment of advanced shading control strategies 
n  Allows the evaluation of a broad variety of fenestration systems 
n  Allows a permanent communication between numerical models and 

measurements 

n  Simplicity vs Flexibility 
 Essential for a correct interpretation of model results and to  avoid 

human and numerical errors 

FENER-WEBPORT:	Highlights	
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n  Import geometry in IFC format (Building-Information-Modeling 
compatible) 

n  Link with Complex Glazing and Shading Database CGDB 

FENER-WEBPORT:	Next	steps	
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Thank	you	for	your	aIen.on!		


