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MISC 

 Radiance workshops http://www.radiance.online.org / 
 Lecture Note L09 and Assignment 4 are online. 

Common Simulation Mistakes 
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http://www.radiance.online.org/
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How close do ‘simulation novices’ get? 

McGill School of Architecture 

Crit Room 102- Best Practice Model 

error analysis of 69 student models of a sidelit space 
comparison of simulation results using Ecotect Split Flux and Radiance 

Paper: Ibarra D, Reinhart C F, "Daylight factor simulations How close do simulation beginners really get?“, Proceedings 
Building Simulation 2009, www.ibpsa.org/proceedings/BS2009/BS09_0196_203.pdf 

Error Sources: Geometric Modeling 

Highest result 

Mean DF = 10% 
• Window head height 

too high 

• No wall thickness 
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Courtesy of Diego Ibarra and Christoph
Reinhart. Used with permission.=

http://www.ibpsa.org/proceedings/BS2009/BS09_0196_203.pdf
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Error Sources: Software Interoperability 

Mean DF 7.5% 

• No wall thickness 

• No real trees (just 
construction lines) 

Error Sources: Material Properties 

Mean DF = 1.5% 
• No wall thickness 

• No glazings 
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69 Student Models 

 Ecotect results lie over and under Radiance results 
 Enormous range of results. 

Ecotect-Split-Flux vs. Radiance 

frequency distribution of mean daylight factor by year 
a closer analysis shows that none of the students built a ‘correct’ model 
the higher number of simulation results in the acceptable range indicate 
the effectiveness of ‘simulation tips' 
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Courtesy of Diego Ibarra and Christoph Reinhart. Used with permission.

Courtesy of Diego Ibarra and Christoph Reinhart. Used with permission.
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Simulation 

Book Chapter: Reinhart C F,  
“Simulation-based Daylight  

Checklist 

Performance Predictions“ in  
Building Performance  
Simulation for Design and  
Operation, Editors J Hensen  
and R Lamberts, Taylor    
Francis, to be published in  
January 2011 

www.gsd.harvard.edu/research/gsdsquare/Publications/DaylightSimulationTips.pdf 

High Museum of Art in Atlanta 

Project: High Museum of Art Expasions (1984 and 2005) 
Architect: Richard Meier 1st Expansion, Renzo Piano 2nd Expansion 
Lighting Design: ARUP Lighting 

Photo by gigi4791 on Flickr.  
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Reinhart, 
IbarraDid you decide which daylighting performance metrics to 

simulate and how to interpret the results?

Do you have a general idea of what the results should look like? E.g. a 
mean daylight factor in a standard sidelit space should lie between 2% 
and 5%; interior illuminance should lie between 100 lux and 3000 lux 
and daylight autonomies should range from 20% to 90% throughout 
the space.
Have you verified that the simulation that you intend to use has been 
validated for the purpose that you intend to use it for, i.e. that the 
simulation engine produces reliable results and that the program
supports the sky models related to your performance metric of choice?
(An example would be the old CIE overcast sky for daylight factor
calculations.)
Have you secured credible climate data for your building site? (This is
only required for certain daylighting performance metrics.)

Did you model all significant neighboring obstructions such as adjacent
building and trees?
Did you model the ground plane?

Did you model wall thicknesses, interior partitions, hanging ceiling and 
larger pieces of furniture (if applicable)? Try to model all space 
dimensions within a 5cm tolerance.
Did you consider window frames and mullions by either modeling them 
geometrically or by using reduced visual transmittances for windows 
and skylights?

Did you check that all window glazings only consist of one surface? 
Several CAD tools model double/triple glazings as two/three parallel 
surface whereas daylight programs tend to assign the optical properties
of multiple glazings to a single surface.
Did you assign meaningful material properties to all scene components
(see Table 10.1)?
Did you model any movable shading devices such as venetian blinds/
(The choice to model movable elements is related to the performance
metric that you intend to use.)

Make sure that you set up your project files correctly. This may involve:

Checking that your project directory and file names do not 
contain any blanks (" ").

Verifying that all sensors have the correct orientation i.e. work 
plane sensors are facing up and ceiling sensors are facing down.

Setting the resolution of the work to 0.5m x 0.5m or 1ft x 1ft and 
placing it around 0.85m above the floor.

Selecting simulation parameters that correspond to the 'scene 
complexity'. To do so you should consult the technical manual of 
your simulation program.

Selecting the correct sky model (CIE, Perez).

Simulation 
Setup

Scene

Before you 
Start

http://www.gsd.harvard.edu/research/gsdsquare/Publications/DaylightSimulationTips.pdf
http://www.flickr.com/photos/85428086@N00/5708963925/


MIT 4.430 Daylighting, Instructor C 
Reinhart 7

       
   

                                                                                                  

High Museum of Art in Atlanta
 

Photographs of the shading model of High Museum of Art 
removed due to copyright restrictions. 

Photo by Matt Johnson on Flickr. 

Project: High Museum of Art Expasions (1984 and 2005)
	
Architect: Richard Meier 1st Expansion, Renzo Piano 2nd Expansion
	

Repeated custom shading system to block direct sunlight. 

High Museum of Art in Atlanta 

Photographs of the light model and analysis of High Museum of Art 
removed due to copyright restrictions. 

  

Performance analysis via repeated views from the position of the sun. 
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mailto:http://www.flickr.com/photos/39017545@N02/6275058268
http://www.flickr.com/photos/39017545@N02/6275058268/
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Material Properties 

CIE sky in Radiance - sky.rad 
# Sky definition. 

!gensky 4 1 12.76 -c -a 45.500 -o -73.700 -m -75.000  -B 40.307263 

skyfunc glow sky_mat 

0 0 4 1 1 1 0 

sky_mat source sky 

0 0 4 0 0 1 180 

skyfunc glow ground_glow 

0 0 4 1 .8 .5 0 

ground_glow source ground 

0 0 4 0 0 -1 180 
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Modeling Skies 
 Mark Stock 


Courtesy of Mark J. Stock. Copyright (c)  2009. Used with permission.

 

Modeling Materials 

 specular versus Lambertian reflectors 

 significance of material libraries 

 selecting meaningful material properties is your responsibility 

List of common material surface properties. 
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Radiance Material ‘Plastic’
	

void plastic TestMaterial 

0 

0 

5 0.965 0.965 0.965   0.02 0 

Specularity 
Roughness 

Red Green Blue 

# red, green, blue are reflectance values greater than 0.9 are not usually realistic.
	
# Specularity greater than 0.1 is usually not realistic.
	
# Roughness varies from 0=perfectly smooth, to 0.5=perfectly rough. 


# Roughness greater than 0.4 (?) is usually not realistic.
	

Good Source for Radiance Materials:  
http://www.artifice.com/radiance/rad_materials.html 

Radiance Material ‘Metal’ 

modifier metal id
 

0 0
 

5 red green blue specularity roughness 


# red, green, blue are reflectance values greater than 0.9 are not usually realistic. 

# Specularity greater than 0.9 is typical. 

# Roughness varies from 0=perfectly smooth, to 0.5=perfectly rough. 

# Roughness greater than 0.2 is usually not realistic. 

 Good Source for Radiance Materials:  
http://www.artifice.com/radiance/rad_materials.html 
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modifier metal id

0    0
5 red green blue specularityroughness

http://www.artifice.com/radiance/rad_materials.html
http://www.artifice.com/radiance/rad_materials.html
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Daylight Autonomy 

No Lightshelf 

Lightshelf, 50% Lambertian 
reflector 

Lightshelf, 80% reflectance, 
90% specular 

Virtual light sources 

Mirror Material 
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Radiance Material ‘Mirror’ 

void mirror TestMaterial 

0 

0 

3 0.965 0.965 0.965 

Red Green Blue 

Specularity is under 2% for most real materials. 

Radiance Material ‘Glow’ 

void glow TestMaterial 

0 

0 

4 1.39 1.39 1.39   0 

Red Green Blue 

Radius 

 Measure luminance of a flat screen equals  250 cdm-2  equals  

250 lumen/ster m2 

 250 cdm-2  / 179 lumen/W   1.39 W/ster m2 

 Note: The orientation of the surface matters. 
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Glare and Comfort Analysis 

Sep 21 3PM Sep 21 10PM 

Material Glass 

Red: (227/255)*TN(0.88) 

void glass ClearFloat_6mm_MF 

0 

0 

3 0.661 0.742 0.742 
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Window Program from LBNL 

http://windows.lbl.gov/software/ 

User can build a window unit (glazing plus frame using the National 
Fenestration Rating Council (NFRC) glazing database. 

Optics Program  - Export to Radiance 

http://windows.lbl.gov/materials/optics5/ 

The user can then export glazing unit as 
glass and BRTDfunc Radiance materials. I 
recommend to use the former. The Export to 
Radiance has to my knowledge not been 
validated. 
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http://windows.lbl.gov/software/
http://windows.lbl.gov/software/optics/optics.html
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Fraunhofer ISE - Atrium 

South South NorthNorth 

Integration of Daylighting with Photovoltaics 

Photograph of glazing and photovoltaic panels in the atrium of Fraunhofer ISE 
removed due to copyright restrictions. 

Electrochromic Glazing – Physical Principle 

Source – Energy-Efficient Solar Buildings, “The future of Renewable Energies II”,  
James & James (2002) 
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Glass

Glass

Transparent 
electrode

WO3
Electrolyte

Ion storage

+

-

Image by MIT OpenCourseWare.
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Stadtsparkasse Dresden���$WULXP 

Project: Stadtsparkasse  resden, Germany (1999) ���� 
Architects: Bauer & Kel ler,  resden 

First installation of an electrochromic glazing with continuous dimming in Europe. 

. 

Courtesy of Elsevier. Used with permission.
Photo: Pilkington Flabeck
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How do you model this? 

© SageGlass®. All rights reserved. This content is excluded from our Creative
Commons license. For more information, see http://ocw.mit.edu/fairuse

http://ocw.mit.edu/fairuse
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Study of Thermotropic Glazings 

Photos: Helge Hartwig, TU Munich

 Project: research project at the Technical University of Munich (1999) 
Project Manager: Helge Hartwig 

Courtesy of Helge Hartwig. Used with permission.

Split Blinds 

Low end solution. High end solution. 
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Building DesignBuilding Design
	
Façade Openings. 

the upper window 
part can be used 
for daylighting 

the shading device 
reduces glare and 
allows direct 
visual contact with 
the outside 

Macbeth ColorChecker 

© ColorChecker. All rights reserved. This content is excluded from our Creative
Commons license. For more information, see http://ocw.mit.edu/fairuse.

A tool to measure and compare differences in color reproduction ini 
var ous processes and under different light sources. An array of 24 
colors represents natural objects such as human skin, foliage and blue .
sky The square have the same color and reflective properties as their
	
real world counterparts.
	
To use it compare the original color chart with a reproduced printout or
	
photograph.
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http://ocw.mit.edu/fairuse
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Advanced Radiance Visualizations I 

Advanced Radiance Visualizations II 

Simulation: Peter Apian Bennewitz 
Courtesy of Peter Apian-Bennewitz,senior consultant, pab advanced technologies Ltd. Used with permission.

19

Rendering through Radiance of the Louvre removed due to copyright restrictions.
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Advanced Radiance Visualizations III 

Advanced Radiance Visualizations IV 

Simulation: Christoph Reinhart 

20

Rendering through Radiance of building interior removed due to copyright restrictions.
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