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Background

Table 1: The overall occlusion values calculated for west facing windows

Window Number Overall Occlusion in Occlusion in
Occlusion the morning | the afternoon
o Window 1 8% 0.0% 16.6%
%‘I‘g‘“al Window 2 70% 69.8% 69.4%
indows
Window 3 65% 65.7% 64.9%
Liohtshelf Window 4 20% 20.2% 20.2%
ight
Windows Window 5 25% 74.6% 24.6%
Window 6 41% 33.9% 48.6%
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—...Background

Table 2: Summary of lighting energy use from Feb 23 to May 16, 9am to Spm.

Luminaries location

Number of the hours the

lights were turned on
between 9 am and 5 pm

Percent of the time the

lights were turned on
between 9 am and 5 pm

Lightshelf zone — Perimeter 298 h 44%
Lightshelf zone - Core 326 h 48%
Original window zone —Perimeter | 478 h 71%
Original window zone — Core 491 h 73%

12% Radiance workshop

Leyla Sanati, UW-Milwaukee



Original Window Zone

Lightshelf Zone
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The Three-phase Method

" View Matrix

" Transmission Matrix (BSDF)
* Daylight Matrix

sSky Matrix, Sky Vector

" dctimestep
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T ission Matri

* Liquid Crystal Louver

h * Electrochromic Louver
* Electrochromic Glass

. * White Opaque Louver

- e Venetian blinds at 80
* No blinds
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Shade Material

LC-clear
LC-hazed

EC-bleached

EC-tinted
Slat metal A
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W7.0 - Shade

File Edit Libraries Record Tools View Help

N sB2RE B : Hdr | Ba e

List
Optics 5
New

Copy

Delete

s

Save

Update IGDB

i

Shade Material
[0}: 3 (52009 Thickness:l 8.0 mm

Nare: |LC-Clear

Product Name: |LC smart glass

Manufacturer: ISmarlGIasslnlemational

— Solar

Trans, Front [Tsol]:l 0.650
Trans, Back (Tsol2): I 0.650

Reflect., Front [Rsoll): | 0120
Reflect., Back [Rsol2): I 0.120

—Visible
Trans, Front (T vis): | 0.750

Trans, Back (Tvis2): | 0.750
Reflect., Front (Rvis1): I 0.140
Reflect., Back [Rvis2): I 0.140

~IR
Trans (Tir): I 0.000
Emis., Front (Emis1) I 0.840
Emis., Back [Emis2) I 0.900

Conductivity: {150,000 W/m-K

Color: :|

™ Spectral data
Comment:

IS0 15099 Example Material
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T ission Matr]

[ W7.0 - Shading L2
File Edit Libraries Record Tools View Help

I BH YEBRB|E Bz > M| Baell: OHIZ % 2N
Shading Layer Library

ID#: 20015

Shade Material Shading Layer
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Name: |LC-louver-Clear

LC-clear L.C louver-clear

Product Name: ILiquid Crystal smart glass

o
@

1723
[
=< @
@ |a

Manufacturer:  |Generic

Typs IVenetian blind, horizontal v

LC 'hazed LC lOUVGI‘-haZGd Mat::,iat [52009 LC-Clear :II

EC-bleached EC louver-bleached R
EC-tinted »

Slat metal A EC glass-bleached Veton |

EC louver- tinted

. Siat width: [  mm
EC glaSS'tlnted Spacing: Wmm
Tik: fully open (0%) - ——
Tilt angle: lo— :I degrees
Op aque louvers Biind thickness: [100.0  mm —
T 0500 mm | E—
Venetian 80 —
Help

150 15033 appendix
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T ission Matr]

Shade Material Shading Layer Glazing System

LC-clear LC louver-clear Low-e+ClearLC_louver

LC-hazed LC louver-hazed Low-e+HazedLC_louver

EC-bleached EC louver-bleached Low-e+BleacheEC_louver

EC-tinted » EC louver- tinted » Low-e+TintedEC_louver

Slat metal A EC glass-bleached Low-e+BleacheEC_glass
EC glass-tinted Low-e+TintedEC_glass
Opaque louvers Low-e+0paque_louver
Venetian 80 Low-e+Venetian 80

Low-e
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= Windows.dmx
® Clerestories.dmx

145 Klems Divisions
1000 sample rays per division
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Photovoltaic Solar Resource of the United States Sky Matrlx:
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DCTIMESTEFR

Seattle.smx
Milwaukee.smx
SanFrancisco.smx
Dallas.smx
Phoenix.smx

Venetian80.xml

photocells Wvmx  Windows.dmx
Low-e.xml

ClearLC_louver.xml

HazedLC_louver.xml
Seattle.smx

Milwaukee.smx

SanFrancisco.smx
BleachedEC_glass.xml | Dallas.smx

TintedEC_glass.xml Phoenix.smx

Opaque_louver.xml

BleachedEC_louver.xml
photocells_C.vimx Clerestories.dmx TintedEC_louver.xml

12% Radiance workshop Leyla Sanati, UW-Milwaukee



In the spreadsheet:
1- The RGB values were converted into [lluminance.
2- Transmitted vertical irradiance was calculated from the
date, time, latitude, direct normal and diffuse horizontal irradiance
data in each timestep.
3- Data was filtered by occupancy (8 A.M to 5 PM.)
4- Control algorithm was set as follows:
If Ipransmitted vertical > 20 W/m? , venetian blinds are closed.
If Ipirect normat = 0-05 * Ipifuse horizontal » SWitchable materials are

tinted /hazed.

5- Dynamic Daylight Metric was calculated for each shading system.
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Illuminance Results

Table 3: Average UDI(200-2000) in the Room

Liquid Crystal

Elechtrochromic

Elechtrochromic

Louvers Louvers Glass Opaque Louvers

UDI (200-2000) [UDI (200-2000) |UDI (200-2000) |UDI (200-2000)
Dallas 63.78% 28.27% 25.42% 50.29%
Milwaukee 59.47% 23.51% 19.17% 47.98%
Phoenix 70.37% 33.92% 26.94% 59.66%
San Francisco 66.32% 32.54% 24.11% 56.11%
Seattle 52.98% 25.93% 19.81% 44.93%
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DCTIMESTEP

W _9%03d.hdr Windows.dmx

C_%03d.hdr Clerestories.dmx
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Venetian80.xml
Low-e.xml

ClearLC_louver.xml

HazedLC_louver.xml
BleachedEC_louver.xml
TintedEC_louver.xml
BleachedEC_glass.xml
TintedEC_glass.xml

Opaque_louver.xml

6-21 10.skv
6-21 12.skv
6-21 14.skv

cloudy

6-21 10.skv
6-21 12.skv
6-21 14.skv

cloudy
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Venetian 80 and Hazed LC,
6/21 at 2 PM.,, sunny sky
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—Glare Results

Glare metrics calculated for Venetian 80 and Hazed L.C on 6/21 at 2 P.M,, sunny sky

DGP, = 0.111 DGP,, ,q= 0.112
DGI, = 13.732 DG, 4= 13.975
UGR,,= 16.521 UGR,, .= 16.709
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Table 4: Average Glare Sensation Levels

Glare Results

7 times Scene Average

4 Times Task Average

Threshold Threshold

DGP DGI UGR DGP DGI UGR
Hazed LC 0.182 16.596 | 20.626 0.182 16.658 20.681
Opaque louver 0.156 14.778 18.472 0.157 14.997 18.655
Tinted EC- Glass 0.024 16.359 19.949 0.020 - -
Tinted EC-Louver 0.110 14.186 17.812 0.111 14.373 17.953
Clear LC 0.165 14.591 17.602 0.154 9.289 13.291
Bleached EC-Glass 0.176 14.619 17.705 0.168 11.758 14.978
Bleached EC-Louver 0.161 14.452 17.439 0.150 9.190 13.159
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