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Section 7.1 
Daylight Basics 

• Actual and modelled daylight 

• Daylight and building occupants 

• Daylight and sky conditions 

• Daylight factor definition 

• DF and guidelines
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Section 7.1 
Daylight factor definition
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Section 7.2 
Methods to predict the daylight factor  

• ‘Historical’ 

• Rules of thumb 

• Average daylight factor equation 

• Computer simulation
✓

DF =
TW✓M

A (1�R2)
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Section 7.2 
Computer simulation 
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Section 7.3 
Factors affecting the accuracy and reliability of computer predictions 

• Model geometry 

• Physical properties 

• Luminous environment 

• Sensor grid/points 

• Simulation parameters 

• Data output / presentation
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Section 7.3.1 
Model geometry 

• Construction 

• Complexity 

• Good practice 

• Walls - thick!

'Ground plane'
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Section 7.3.2 
Physical properties 

• Diffuse / specular 

• Typical values 

• Glazing standard 

• Advanced / complex fenestration

110 Building performance modelling

product data supplied by manufacturers may not be 
!"#$%&'()* )+* ,%%"-,)'./* 0'!%-&1'* ,* )-,(!."%'()* 2,)'-&,.* &(*
the simulation. The potential for modelling these and other 
complex materials is discussed in section 7.5.2.

7.3.3  Luminous environment

The sky luminance pattern used in the simulation must 
%+(#+-2*)+*)3'*0'!%-&4)&+(*!4'%&$'0*#+-*)3'*2')-&%*53&%3*
will be used to evaluate the space, e.g. for the daylight factor 
it must be the CIE standard overcast sky (equation 7.1). 
Often this is described in the model as a source solid angle 
6'##'%)&7'./*,)* &($(&)/8* -,)3'-* )3,(*,*3'2&!43'-'*+#*$(&)'*
extent. This completely avoids the parallax errors that 
+%%"-* 53'(9* 5&)3* ,* $(&)'* !:/9* )3'* 4'-%'&7'0* ."2&(,(%'*
pattern seen by the building will vary across the dimensions 
of the scene (Mardaljevic, 2002). In many of the Radiance 
based tools, a seamless luminous environment is created by 
having what is in effect an upsidedown sky to mimic the 
'##'%)*+#*!:/.&;3)*-'<'%)&(;*+##*)3'*;-+"(0*)3,)* =>+&(!?* )3'*
sky at the horizon. Whilst this is a physically correct 
description in the absence of local obstructions, the 
building under evaluation should sit on an explicitly 
modelled ground plane to ensure that the reduced 
brightness of the ground caused by the self-shading of the 
building is accurately modelled, see Figure 7.7. If the 
;-+"(0* 4.,('* &!* !"#$%&'()./* .,-;'9* !,/9* $7'* )&2'!* )3'*
maximum extent of the building, then the effect of the 
ground ‘glow’ on quantitative measures (e.g. daylight 
factor) should be negligible. Particular packages may have 
their own way of dealing with these boundary conditions.

Sky 'glow'

Ground 'glow'

Ground
plane

Figure 7.7 The luminous enclosure

Sky model generator programs generally require that the 
user input the location of the building, the time of day and 
year, and the sky model type that is required, e.g. CIE 
standard overcast, CIE clear sky, etc. Additionally, if the 
user does not specify a diffuse horizontal illuminance to 
normalise the sky against, then the sky generator program 
will normalise the sky using a rule of thumb calculation. 
@+-*)3'*0,/.&;3)*#,%)+-*)3&!*&!*(+)*,(*&!!"'*1'%,"!'9*0'$('0*
as a ratio, the predicted daylight factor (DF) does not depend 
on the output of the sky. However, a mistake occasionally 
made by users is to predict a series of daylight factors for a 
given building for different times of the day and year. This 
of course is totally unnecessary and should produce a series 
of identical DF results. Unfortunately, the random element 
present in some calculation methods (e.g. the Monte-Carlo 
sampling used in Radiance) may result in slightly different 
values each time, thus encouraging the user to (wrongly) 
1'.&'7'*)3,)*)3'-'*&!*!&;(&$%,(%'*&(*)3'!'*0&##'-'(%'!A

but the colours typically have a light saturation and the 
quantitative effect of colour ‘bleed’ can be ignored. Many 
4,&()*2,("#,%)"-'-!*%,..*)3&!*B",()&)/*)3'*.&;3)*-'<'%),(%'*
value, or LRV, and indicate it as a percentage on paint 
swatches, e.g. ‘LRV*CDAC?*2',(&(;*,*-'<'%),(%'*+#*CDACE*+-9*
more commonly for simulation, 0.616 (i.e. unit normalised). 
F.)3+";3*2,("#,%)"-'-!*2,/*;&7'*)3-''*!&;(&$%,()*$;"-'!9*
it should not affect the results unduly to specify paints to 
the nearest 5%, i.e. 61.6% as 60% in the simulation. If highly 
saturated colours are indicated, or if colours in general need 
to be modelled for generating visualisations of the building, 
then the spectral properties need to be described. Colour is 
typically approximated using the red, green, blue (or RGB) 
4-&2,-&'!A*G/4&%,.*-'<'%),(%'*,(0*)-,(!2&)),(%'*4-+4'-)&'!*
for common building surfaces are given in Table 7.1.

Table 7.1 G/4&%,.*-'<'%)&+(*,(0*)-,(!2&)),(%'*7,."'!*#+-*%+22+(*
building surfaces

Opaque surfaces G/4&%,.*-'<'%),(%'*-,(;'*6E8

Ceiling 70–85

Walls 40–70

Floors HIJK

Ground HIJK

External facade 20–40

Glazing Typical light transmittance value(s)

Clear single glazing 0.88

Clear double glazing 0.79

Low-e double glazing 0.69

Solar control glazing 0.20–0.50

For a given geometry, the daylight entering a building will 
0'4'(0* +(* )3'* ;.,L&(;* )-,(!2&!!&+(9* )3'* !4'%&$%,)&+(* #+-*
which should be based directly on the product data 
provided by the manufacturer. The majority of daylight 
illumination arriving at a sensor near to a window is 
typically that received directly from the sky and can amount 
for 80% or more of the total illumination. At the back of a 
deep space, the direct view of the sky from a sensor is 
greatly diminished and the illumination received is now 
2+!)./*)3,)*0"'*)+*&()'-M-'<'%)'0*.&;3)A

Many opaque building materials will exhibit some degree 
of specularity, i.e. appear shiny. Although these specular 
effects can be accurately modelled in tools such as Radiance, 
specifying realistic parameters for specularity is often not 
straightforward and may rely on generating trial and error 
renderings to determine which properties appear correct. 
Modelling part specular effects in materials does lend 
realism to a rendering by providing expected visual clues, 
!"%3*,!*)3'*!3&(/*)'--,LL+*<++-*+#*)3'*,)-&"2*&(*@&;"-'*NA*
O+5'7'-9* )3'&-* !&;(&$%,(%'* #+-* +7'-,..* .&;3)* )-,(!#'-* &!*
usually small and can often be ignored. Thus opaque 
materials can, with few exceptions, be described solely in 
)'-2!*+#*)3'&-*0&##"!'*-'<'%),(%'*4-+4'-)&'!A*G3'*'P%'4)&+(!*
,-'* #+-* .,-;'* )-"'M2&--+-* !"-#,%'!* 53'-'* !&;(&$%,()* .&;3)*
)-,(!#'-*%,(*+%%"-*1/*!4'%".,-*-'<'%)&+(!A*G3'!'*(''0*)+*1'*
modelled using a suitable material.

Translucent and semi-translucent materials can be modelled 
depending on the simulation tool used. Examples include 
)-,(!4,-'()* &(!".,)&+(* 2,)'-&,.!9* 0&##"!&(;* -++<&;3)!9*
frosted or fritted glazing, etc. These materials can be quite 
challenging to specify correctly because they have quite 
%+24.'P* -'<'%)&7'* ,(0* )-,(!2&!!&7'* 4-+4'-)&'!A* G3'*

Prof J M
ardaljevic FSLL, j.m

ardaljevic@
lboro.ac.uk, 09:26AM

 14/03/2016, 022537
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Section 7.3.3 / 7.3.4 
Luminous environment 

• Enclosing 

• Sky models 

• Ground plane 

• LEED Clear sky options 

Sensor grid/points 

• 0.5m perimeter

Sky 'glow'

Ground 'glow'

Ground
plane
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Section 7.3.5 
Simulation parameters 

• Quality settings 

 High quality simulation 

1.9m

9.0m

2.7m

6.0m

 

  

1.0

10.0

Daylight factor [%]

9.0m

6.0m

10%
5%

2%
1%

6.0m

0.5%

 Poor quality simulation 

Smooth
shading/contours -
pattern matches

expectation

High variance
'blotchy' output -
counterintuitive

patterns



CIBSE Application Manual AM11 ‘Building Performance Modelling’
Chapter 7:  Lighting Modelling

AM11 Overview Seminar: March 15th 2016

Section 7.3.5 
Simulation parameters 

• Convergence testing
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Section 7.3.6 
Data output / presentation 

• Perimeters 

• Average vs. median

Daylight factor including reflections from interior and exterior surfaces

Daylight factor without any inter-reflection (i.e. direct sky component)

Daylight factor [%]
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sionally made by users is to predict a series of
daylight factors for a given building for different
times of the day/year. This of course it totally un-
necessary and should produce a series of iden-
tical DF results. Unfortunately, the random ele-
ment present in some calculation methods (e.g.
the Monte-Carlo sampling used in Radiance) may
result in slightly different values each time, thus
encouraging the user to (wrongly) believe that
there is significance in these differences.

The “clear sky option” in some compliance
schemes (e.g. LEED, ASHRAE) allows for eval-
uation of the building under non-overcast sky
conditions. Here the aim is usually for the de-
sign to achieve an absolute value of illuminance
(e.g. 300 lux) across a certain fraction of the
sensor points. Thus the outcome depends cru-
cially on the diffuse horizontal illuminance (i.e.
the ‘output’) of the sky. Caution needs to be ob-
served here because the guidelines may not give
a normalisation value for the diffuse horizontal il-
luminance of the sky, thus relying on the rule-
of-thumb value supplied by the generator pro-
gram. Furthermore, the role of the sun and in-
deed whether or not it is present is not made
clear in some of the compliance schemes. Users
and also software developers that provide this op-
tion, have taken the guidance to mean a clear sky
without a sun – which is a physically impossible il-
lumination in reality.

3.4 Sensor grid/points

Specification of the grid or array of sensor points
used for, say, a daylight factor evaluation should
be made with care. The grid should cover all or
the majority of the area of the space commonly
used for the principal task, e.g. for a classroom
there should be sensors for all locations where
a desk might be in the completed building. There
should be a border no smaller than 0.5m between
the sensors and perimeter walls, windows, etc.
This is primarily to avoid undue bias in the cal-
culation of, say, the average daylight factor which
can occur if there are sensors very close to the
glazing – the high DFs at these points (� 20%)
will results in a high average DF that is unrepre-
sentative of the ‘typical’ DFs in the space. Guide-
lines may indicate how the sensor grid should be
defined.

3.5 Simulation parameters

Users of daylight simulation programs need to be
fairly skilled and, ideally, have a good apprecia-
tion of the role and the effective selection of the
key parameters that govern the transport of light
in the 3D model. In Radiance for example, these

are known as the ambient parameters and they
determine: the number of reflections (or ambi-
ent bounces), the number of sampling rays, the
role of interpolation, etc. There are at least five
such parameters. Many of the end-user pack-
ages that include Radiance have a series of de-
fault combinations for these parameters with in-
tuitive ‘quality’ labels, e.g. ‘Low’, ‘Medium’ and
‘High’. There is however no guarantee that even
using the highest quality default combination will
always produce accurate results. This is because
effective parameter combinations (i.e. those that
deliver accurate results in a short time) depend to
a large degree on the building geometry. And so
a combination that worked well once may need
to be adjusted for another building. Qualitatively,
the results should conform to expectation. The
examples given in Figure 9 show the DF distribu-
tion predicted for a simple space using parameter
combinations that gave high and poor quality re-
sults. Measures derived from the DF distribution
are given in Table 1

Metric High Quality Poor Quality
DF Mean 3.1% 4.3%
DF Median 1.6% 3.0%
DF Minimum 0.4% 0.6%
Uniformity 0.12 0.13

Table 1: Daylight factor measures derived from
the high and poor quality predictions

Border Mean Median Uniformity
0.1m 3.4% 1.7% 0.20
0.5m 2.9% 1.7% 0.23

Studies have revealed that users presented
with the same design can produce widely differ-
ing predictions for, say, daylight factors, and that
suitable training in the use of the simulation tool
is vital [39].

- the reliability of the output from a computer
prediction can be highly dependent on key simu-
lation parameters that are either specified by the
user or chosen ‘automatically’ from a list of de-
fault values by the software.

3.6 Data output - analysis and pre-

sentation

3.7 Daylighting Strategies

A daylighting strategy is any building feature that
is intended to increase, enhance or moderate the
daylight entering a building. The term is not gen-
erally used to describe the typical vertical window
with ordinary glazing, though readers may see it

27/4/2012 17:16 9 of 17
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Sections 7.4, 7.5 & 7.6 
Modelling sunlight non-standard materials / structures & glare / discomfort 

• Sunlight - largely qualitative (see CBDM) 

Daylighting strategies 

• Materials / structures: basic vs. advanced / complex 

Visual discomfort / glare 

• DGI, DGP

Complex
fenestration

system

Incident ray Transmitted
specular ray(s)

Transmitted scattered rays
(across hemisphere)
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Section 7.7 
Climate-based daylight modelling (CBDM) 

• Climate data 

• CBDM metrics 

• Irradiation modelling / mapping 

• CBDM simulation of glare (DGP)
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Section 7.7.1 
CBDM metrics 

• Daylight autonomy (DA) 

• Useful daylight illuminance 

• Spatial DA IES-LM-83 

• EFA PSBP
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Sections 7.7.2, 7.7.3 & 7.7.4 
Irradiation / illumination modelling / mapping 

• Urban 

• Inside buildings (case study 7.10.2) 

Simulation of daylight glare probability  

• Adaptive zone 

User operation of blinds / shades 

• Models 

• Confounding factors

kWh/m2

1400

1000

200

600

klux hrs

  

1000

10000

1

4

10 klux hrs

  

1000

10000

Mlux-hrs



CIBSE Application Manual AM11 ‘Building Performance Modelling’
Chapter 7:  Lighting Modelling

AM11 Overview Seminar: March 15th 2016

Section 7.8 
Modelling artificial lighting  

• Luminaire data 

• Choosing a software package 

• Creating the model /LQH�;6
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Section 7.9 
Lighting environmental and energy modelling   

• Lighting control system modelling  

• Lighting energy compliance modelling  

• Lighting energy numeric indicator (LENI) 



CIBSE Application Manual AM11 ‘Building Performance Modelling’
Chapter 7:  Lighting Modelling

AM11 Overview Seminar: March 15th 2016

Section 7.10 
Case studies   

• Evaluation of a classroom using UDI  

• Daylight exposure study for conservation  

• Urban daylight injury study 
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Summary and conclusions 
• Major revision compared to 1998 AM11 

• CBDM still evolving - new tools 

• Compliance driven


