
Translation

 When illuminance data are not available, radiation 
data can be converted to illuminance values 
(weather data file usually contains radiation data)
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Illuminance

 Overcast 
 Horizontal: Fig.10.23 
 Vertical: Fig.10.23 

 Clear sky 
 Horizontal: Fig.10.24

 Direct sun
 Sky component 

 Vertical: Fig.10.26
 Sun only, no sky contribution, year-long: Fig.10.26 (a)
 Summer sky, no sun contribution: Fig.10.26 (b) 
 Sky during various seasons, no sun contribution: Fig.10.26 (c) 
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Partly cloudy sky

 Difficult to express the sky luminance mathematically 
because of its infinite variability of conditions

 However, statistical data on cloud cover are available 
from observations at many weather stations, and 
these data are used for a partly cloudy sky model and 
hour‐by‐hour building energy analysis programs.

 The illuminance from a partly cloudy sky is higher than 
that from a clear sky by 10-15% because of the 
additional reflected sunlight from cloud edges.
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Daylight Factor (DF)

 Primarily intended for overcast skies
 Defined as the ratio of indoor illuminance 

to available outdoor illuminance 
 Used as a means of 

 (1) setting criteria
 (2) determining the effectiveness of a 

daylighting design
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Daylight Factor (DF)

 Developed in England, Scandinavia (overcast sky 
dominant)

 Defined as: 
 DF = indoor daylight illuminance / EH

 Variations in daylight inside correspond to variations 
outside (DF remains the same)

 The overcast sky in the DF method represents 
minimum exterior illumination.
 Large window areas in overcast sky design locales 

can be a severe glare source in clear sky.
 Because under clear or partly cloudy sky conditions 

the daylight factor at a given point also varies 
continuously, the concept of DF is useless for a 
calculation tool for absolute daylight values. 
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Why sDA and ASE? 

 Because daylight factor does not take into 
consideration location, climate, and building 
orientation.

 Spatial Daylight Autonomy (sDA) and Annual Sun 
Exposure (ASE) together provide more accurate 
performance predictions over the entire year. 

 These metrics are used in the USGBC LEED v4 
certification and the AIA Committee on the 
Environment’s Top Ten Honor Award submission 
requirements.
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sDA & ASE
 sDA: the percentage of regularly occupied 

floor area receiving at least 300 lux for at 
least 50% of the annual occupied hours. 
 This metric describes how much of the building 

receives sufficient daylight.

 ASE: the percentage of floor area that 
receives at least 1000 lux for at least 250 
occupied hours per year.
 The ASE metric describes how much of space 

receives too much direct sunlight, which can cause 
visual discomfort (glare) or increase cooling loads 
(Reinhart, et al., 2006; IESNA Daylight Metrics 
Committee, 2012; Van DenWymelenberg and 
Mahic, 2016; and Sefaira.com)
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sDA & ASE

 sDA and ASE are the first IES-adopted, annual daylighting 
performance metric. 

 known as climate-based daylight metrics or dynamic-daylight
metrics.

 now incorporated in common lighting analysis and design
software packages, such as Diva-for-Rhino, OpenStudio, 
Radiance, Daysim.

 These two metrics are important in that they are necessary for
earning all LEED v4 daylighting credit points. 
(https://www.usgbc.org/credits/healthcare/v4-draft/eqc-0). 
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sDA

 sDA value >= 75: indicates a space in which
daylighting is “preferred” by occupants; that is, 
occupants would be able to work comfortably there
without the use of any electric lights, and find the
daylight levels to be sufficient.

 55<=sDA<75: indicates a space in which daylighting
is “nominally accepted” by occupants. Lighting
designers, therefore, should aim to achieve sDA
values of 75 percent or higher in regularly occupied
spaces, such as an open-plan office or classroom, and 
at least 55 percent in areas where some daylight is
important.
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ASE

 Lighting Measurement-83 (LM-83, IES-
approved method) provides preliminary
guidance for recommended ASE limits, 
cautioning that spaces with ASE values
exceeding 10 percent will likely result in
visual discomfort. LEED v4 suggests that
(ASE1000,250) of no more than 10% should be
achieved
(https://www.usgbc.org/credits/healthcare/v4
-draft/eqc-0).
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Daylight components in DF

 Sky component (SC)
 Externally reflected 

Component (ERC)
 Internally reflected 

Components (IRC1 + IRC2) 

1. Direct calculation is extremely complex (not difficult)
2. The DF calculation for each point needs individual calculation!!
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Any change in parameters, 
such as window dimensions 
or height above the working 
plane, ceiling height, 
surface reflectance, ground 
reflection, and obstructions, 
alters the curves (Fig.10.29) 
and requires recalculation 
and replotting. The job is 
very tedious and time-
consuming. 

Fig 10.29 Typical daylight factor curves

①

②

③=①+②
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Guidelines for preliminary daylighting design 

(1) The 2.5H guideline

(2) The 15/30 guideline

For window width = ½ wall width:
There will be sufficient workplane illuminance 
from a window up to a distance of 2.5H, 
assuming clear glazing, overcast skies, no 
major obstructions

For a window-wall:
A 15ft wide zone can be daylit 
sufficiently for office tasks.
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Daylighting design analysis methods

 Use of simplifications, such as standard curves, 
tabular data, or the CIE method (Section 10.12(a)) 

 Use of a library of graphic light distribution plots 
with varying parameters (GDDM) (Section 
10.12(b))

 Use of less laborious manual calculation: the 
lumen method or the IESNA method (Section 
10.12(c)) 

 Use of computer simulation software: DIVA for 
Rhino

But, remember that this is “analysis” rather than 
“design”; that is, calculating daylight given the 
openings, not vice versa.
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Daylighting design analysis methods

 Manual methods: inexpensive, limited to 
simple spatial geometries
 (a) CIE method
 (b) Graphic Daylighting Design Method (GDDM)
 (c) IESNA method 

 Computer simulation: expertise, cost, 
training 

 Physical models
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CIE system usable in two modes

 Mode 1: given complete architectural 
dimensional data, find interior illuminance 
(Example 10.1)

 Mode 2: given incomplete architectural 
dimensional data and required interior 
illuminance, find maximum room depth 
and/or other room proportions that satisfy 
the illuminance requirement (Fig.10.32)
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Daylight Analysis: CIE method (Mode 2) 
 CIE method: simple, rapid, straightforward, reasonably accurate 
 Based on Daylight Factor (DF)

Room parameters: See Fig.10.33
AFF: Above the Finish Floor 

Unit: ft
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Room parameters
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Refer to room parameters: Fig.10.34
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This is not design DF(=1.3) but service DF(1.0)!!

20



21

No obstruction assumed in this example !!
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Given: 
- Room length: 7.5m (25’) 
- Percentage of windows: 72% 
- Ceiling height: 3m
- Interpolated between 60% & 90%
(See Fig.10.34 for room parameters)
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See Fig.10.34: solution
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1.8H

1.2H

Twice the minimum DF Four times the minimum DF
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Advantages: CIE method

 Consideration of obstructions, reflections, 
and interior reflections. 

 Applicability to a very wide range of side 
and top fenestration designs

 Establishment of required room 
proportions is architecturally more useful 
than solving for specific dimensions
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Limitations: CIE method

 inapplicable to clear and sun conditions (remember
that CIE is based on the DF method!!)

 inapplicable to other than rectangular rooms
 unusable with sun-shading or high reflectance 

ground 
 Results give points of minimum, twice minimum, 

and four times minimum daylight only. Other points 
must be interpolated or extrapolated. 

 Windows proportions and position in a wall are 
fixed. 
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Graphic Daylighting Design Method (GDDM)
 DF contour under the overcast sky developed by M.S. 

Millet & J.R. Bedrick (1980)

H: Window Height, W: Window Width 
S: Height of the Sill above the workplane 

DF
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Remarks

 Authors used a simulation tool (UWLIGHT) 
to develop daylight distribution patterns

 Advantages: 
 DF contours are more meaningful to a lighting 

designer than is numerical output

 Limitations: 
 Requires a library of more than 200 patterns 
 Practically not applicable to clear-sky conditions 

due to the size of the library
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The contours were corrected 
to account for light reduction. 
The isolux pattern is not 
design DF, but service DF!!
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IESNA Lumen method

 Calculate daylight illumination levels at five 
predetermined points 

 Account for 
 all types of sky conditions (clear + overcast)
 reflected daylight from ground 

 Limitations
 cannot accommodate direct sunlight 
 cavity reflectances (Fig.10.41) are fixed: 70%, 

50 %, 30%)
 Calculates only five points in a room
 This is an ‘analysis’ tool, not a ‘design’ tool. 
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Calculation procedure

 Step 1: determine the vertical and 
horizontal illuminances
 For overcast: Fig.10.23 (horizontal, vertical)
 For clear sky: Fig 10.24 (horizontal) and 

Fig.10.26 (vertical) 
 Fig.10.26(a): sun, year-long
 Fig.10.26(b): sky, summer
 Fig.10.26(c): sky, various seasons
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Calculation procedure

 Step 2: Determine the net transmittance (τ) 
of window 
 τ = T * Ra * LLF

 T: glass transmittance (Table 10.8 or from 
manufacturer)

 Ra : net-to-gross window area ratio representing 
mullions and glazing bars

 LLF: Light-Loss factor (Table 10.9) to account for 
location
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Calculation procedure

 Step 3: Select coefficients of utilization from 
Table C.21 to C.26
 Table C.21 to C.25: sky component (CUk)
 Table C.26: ground component (CUg)

 Step 4: calculate daylight interior illuminance 
at five reference points (0.1D, 0.3D, 0.5D, 
0.7D, 0.9D)
 Ei = τ (Exvk * CUk + Exvg * CUg)

 Exvg =RFg * ExHk /2
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1,334
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0.2

2.5 times
one half

Fig.10.23
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given, Table 10.9, given 

Window width * # of windows = 6’X3 =18’
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Dec. 21 (overcast)

τ CUk Exvk CUg Exvg Ei

0.1D 0.704 0.673 2,150 0.183 538 1,088
0.3D 0.704 0.235 2,150 0.159 538 416
0.5D 0.704 0.104 2,150 0.103 538 196
0.7D 0.704 0.065 2,150 0.071 538 125
0.9D 0.704 0.053 2,150 0.06 538 103

Mar. 21 (overcast)

τ CUk Exvk CUg Exvg Ei

0.1D 0.704 0.673 5,380 0.183 1,334 2,720
0.3D 0.704 0.235 5,380 0.159 1,334 1,039
0.5D 0.704 0.104 5,380 0.103 1,334 490
0.7D 0.704 0.065 5,380 0.071 1,334 313
0.9D 0.704 0.053 5,380 0.06 1,334 257

Jun. 21 (clear)

τ CUk Exvk CUg Exvg Ei

0.1D 0.704 0.673 7,500 0.183 9,800 4,815
0.3D 0.704 0.235 7,500 0.159 9,800 2,337
0.5D 0.704 0.104 7,500 0.103 9,800 1,259
0.7D 0.704 0.065 7,500 0.071 9,800 833
0.9D 0.704 0.053 7,500 0.06 9,800 694
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Daylighting simulation

 Rendering (photo-realistic image, local calculation) vs. simulation 
(scientific calculation, global calculation)

 Use of physical (mathematical) model (not use of computer)
 Advantages: accuracy, easy comparison (hourly, daily, per 

orientation, different sites), comparison of design alternatives
 Algorithm: Ray tracing vs. Radiosity
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Global vs. local 
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Picture 4: global illumination is disabled
Picture 5: global illumination is enabled

Image source: Antti Kämä, PHOTOREALISTIC LIGHTING AND 
RENDERING OF A SMALL APARTMENT INTERIOR



Lighting simulation tools

 Radiance: ray tracing  
 Desktop Radiance:  http://radsite.lbl.gov/deskrad/dradHOME.html
 Radiance (UNIX version): http://radsite.lbl.gov/
 Radiance online: http://www.radiance-online.org/

 Lightscape 3.2 ended (Ray tracing + Radiosity)  Autodesk VIZ 2005
 Lumen Micro 2000 and lumen designer (widely used in lighting 

industry): http://www.lighting-technologies.com/ 
http://www.ltioptics.com

 Relux: www.relux.biz
 Sefaira Autodesk Ecotect Analysis (http://usa.autodesk.com/ecotect-

analysis/)
 Autodesk 3dsMax Design
 AGI32 (www.agi32.com/)
 DFcalc (http://archiphysics.com/programs/daylight/daylight.htm)
 Rhinoceros with DIVA plugin: www.rhino3d.com/
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RADIANCE

 Design tool to facilitate 
the design and analysis 
for daylighting and 
electric lighting

 Most sophisticated, 
especially for 
daylighting 

 Runned with AutoCAD, 
now in DIVA

 http://radsite.lbl.gov/ra
diance/download.html

(from http://www.radiance-online.org)



Ray tracing
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Radiosity
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Radiosity
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Test facility
The Smart Façade Demo Unit (SFDU)
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Architecture of 
the smart façade demo unit
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Daylighting simulation
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< simulation condition >
date: Dec. 22nd 
time: 9:00 a.m.
sky condition: intermediate (CIE)
location: Atlanta, GA
louver slat angle: 40 ˚

< data analysis >
average illuminance: 405 lux
uniformity: 33.7%
luminance: 268 cd/m2
daylighting autonomy = 294 lux

 Establish a daylighting simulation 
model as a reference system

 Use RADIANCE pre simulations to 
generate an indoor daylight 
predictor

 Determine an optimal louver slat 
angle that meets specific visual 
comfort and daylighting autonomy Daylit illuminance level in 3D contour
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Smart double skins

Advanced daylighting control system, installed at 
the Sungkyunkwan University, Korea
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Self-calibrating simulation model

Weather data

Measured
variables

Simulation
model

Simulated 
variables

estimated parameters

Error function On-line parameter 
estimation

off-line parameter estimation on-line parameter estimation

: Data flow



Physical modeling 

 Advantages
 The opportunity for accurate daylight measurements and 

for qualitative evaluation
 Easy construction (for most designers)
 Crude models that can yield critical information
 Easy comparisons of various schemes: e.g. interchangeable 

wall or ceiling elements
 Realistic visualization for clients
 3 dimensional depiction

 Disadvantages
 the need to expose them to the desired sky conditions. For  

example, waiting for suitable sky conditions in order to 
view a particular space under both overcast and clear sky 
conditions, or at different seasons of the year, or during 
different times of day, is not always practical.
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< Material> Constructing scale models is relatively 
simple, using corrugated cardboard, mat board, 
and colored paper—mounted on a base for ease of 
manipulation (Fig. 10.47).

< Modular > The model should be made modularly 
so that alternative design proposals can be 
interchanged. For example, to compare various 
skylight configurations, several replaceable roof 
configurations can be
constructed.

< Size > Model size depends upon the size of 
photometers used to measure interior illuminance, 
the size of the space, and the need to 
accommodate a camera viewport. Considering ease 
of construction and visualization opportunities, 
bigger is usually better—although larger models are 
often preceded by smaller/cruder study models.



Sun simulator

Werner Osterhaus and Liliana Beltran prepare a 
scale model for tests in the sky simulator 

In the facility's interior, Osterhaus and Beltran 
conduct performance tests of a shading device for a 
hotel atrium using the sun simulator, upper right 

http://eetd.lbl.gov/newsletter/cbs_nl/nl4/skysimulator.html
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