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1. Daylight optimization for buildings located at low latitudes
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Daylight: Local standard strategies:

« Admission of heat that increases the cooling loads, -+ .
« Sun rays which alter the visual comfort and perceptg)nted glazing,

f the ind : t YHuced window size,
of ihe oo ehvironmen » Window protection: venetial
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1.1 Possible Solution: Complex Fenestration Systems (CFS)

a) Solar shading: control direct sun rays ' —
b) Improve daylight interior environment

-lighting redirection: increase daylight levels deep within rooms
-reduce the risk of glare

o SUI\\

Diffuse |
I Daylight

P

a) Reduction in the interior cooling loads in Reduction in

the
summer :
final energy

mption

...testings on-site > diffi
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Lasercut panel Prismatic PaneDkasolar  Light Channelling Panels <2
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1.2 Simulating CFS with RADIANCE Photometric properties
of CFS characterized in
Luminous transmission properties of diagram ..
MEA 21 file form

Bi-directional photogoniometer

=

Bi-directional

Transmission
== Distribution Function
(BTDF)
ternational standard
for

BTDHt@&teadiance
Window 6 XML format

Multiple lighting redirections

1) BTDF data as matrix of size:

Prism2 145 x 145/ 145 x 1297
Only two emerging lighting directions can adapted to be used with
be determined for each incident beam mKkillum

direction

Btdf2mkillum145x1297.xml

2) bsdf material
Without need of mkillum for

Btdf2prism2->translate monitored BTDF into prism2

Applied for sharp redirecting CFS:

I:asercut panel, prismatic film, holographic lighting
LPA 11th International Radi Worksh ' & bk
M e e Werkshmodelling through tr 5
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2) Methodology

Case Study: DEMONA

Module Location: EPFL, Lausanne, Switzerland

Latitude: 46.5° N
Longitude: 6.6° E
Elevation: 396m
Orientation: South

Dimensions: 6.5m x 3.05m x 2.65m
Area: 32.7 m?

Window Area: 14.24 m?
Proportion window/area: 0.43
Fenestratlon detalls double msulat
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2.1 Demona virtual model

Double Glazing Lasercut paneprismatic Film 3M (e
28th august 11:17amth april 9:13am28th august 13:11am

Real Building Virtual Model
Surface Measured
Reflectance %
North Wall 82.6 = 82.6 (|
East Wall 815+ 81.5 Lasercut panel Prismatic Panel
South Wall 79 14 79 1 6mm single acrylic  Exterior
- w/ 4mm parallel cuts 3M Brand optical
Ceiling 7994 79.9 Radiance Simulation
Floor 16.1 % 16.1 Parametres
Transmittance % Transmissivity -ab 9
Double 80.5 + 0.8769 - 0.1
Glazing _
Warkiqerformed by: Anothai -ad 26315
Thanachareonkit ar 128
I =S0-P8 2008 Vo erinalRadnee 7
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2.2 Previous results
Distances from window (m)
0.2 1.2 2.2 3.2 4.2 5.2 6.2

Double
glazing
window

Daylight
Factor
%

Real Building, Real sky Conditions

Case A: Scaled Model 1:10, under real sky conditions

Case B: Scaled model 1:10, under sky simulator, for CIE standard ovescast sky (Type
1)

Case C: Scaled model 1:10, sky reproduced in sky-simulator. Sky luminance data
obtained from sky scanner

Case D: Virtual model using Radiance Gensky, under CIE standard sky distribution

Cm@&@%gbmq\qjom reproduction using the data from the sky scanner

Thanachareonkit

i@ﬁi‘ESO'PB 2008 11th International Radiance Workshop
e Chantal Basurto-Davila 8
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2.3 Comparing simulations of the daylight propagation through CFS using

A)Measurements of the Real building

under real sky <:>
A)Simulations: . Simulations:
1) Standard double glazing window 1) Standard double glazing
window
2)Using CFS: " 2) Using CFS:
a) Primitive Prism2 - cfs.cal a) Prism2 -

btdf2prism2_cfs.cal

Window 6 —XML file format

b) BTDF pre-process mkillum

c) bsdf material

) 11th Int ti | Radi W .
AP e ey Radiance Wk=h88 df material + mk [EEEER o
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Double glazing
window

1. Standard Module: double glazing window

.\bin\oconv -f sim ovc cie window 2012.rad material.rad model. rac{ window.rad } base D O.oct

v

14.00
#@mkillum i=mat_window %t80.5 d=223 s=115

12.00 H m=window1 polygon poly4/78
10.00 J 8
1

l2

8.00

6.00

Daylight Factor (%)

4.00

2.00

0.00

0.0 1.0 2.0 3.0 4.0 5.0 6.0
Distance from window (m)

—A) Real Building (real sky)
computirt®) CASE D: simulated CIE standard sky

g Time-1p) Reference. window.rad @mkillum t=80.5% (0.8777)-double glazing-

1.5h
(gl |

ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE
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F;?%PFASGALHON THROUGH COMPLEX FENESTRATION SYSTEMS CO”C'USiO”“t“r WVe
: . Lasercut pane Laserout pa RS

a) primitive prism2

.\bin\oconv -f sim ovc cie lcp 2012.rad material.rad model.rad window.raq lasercut.rad P base D 0O.oct

A
| a) Previous L (c A— e —— \ | b) Present
imulation 2007 | LaserCutPanel.ca tdt2prismZ_Iep-cal | gimulation 2012
14.00
12.00 Case D: simulated st. Sky
(lasercutpanel.cal)
2 10.00
? Vs.
@]
§ 800 Ovc_lasercut.rad prism2
£ 6.00 (btdf2prism2_lIcp.cal)
2
0 4.00
2.00
0.00
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0
Distance from window (m)
e ——A) Real Building (real sky)
g Time —A) Case D simulated st. Sky (lasercutpanel.cal)
~7T2h ——2) ovc lasercut.rad prism2 (btdf2prism2_Icp.cal) Work performed by: Anothai 40

Thanachareonkit
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Lasercut panis
b) BTDF data

.\bin\oconv -f sim ovc_cie lcp 2012.rad material.rad model.rad window. rad[lasercutB’I‘DF_lZ 97.rad|> base D 0O.oct

16.00 \[,

14.00 #@mkillum i=void c=d d=btdf2mkillum145x1297_LCP.xml s=40000 I+
' u=+Z
12.00
<
< 10.00
9
[&]
L 8.00 Case D: simulated st. Sky
5 (LaserCutPanel.cal)
§ 6.00 Vs.
4.00 Ovc LCP_BTDF.rad
(btdf2mkillum145x1297 Icp.xml
2.00
0.00
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0
Distance from window (m)
——A) Real Building (real sky)
~ —A) Case D simulated st. Sky (lasercutpanel.cal)
Computin

g Time —2) ovc lasercut.rad prism2 (btdf2prism2_Icp.cal)
~64h —3b)ovc LCP_BTDF.rad (btdf2mkillum145x1297_LCP.xml)
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c) bsdf material .

Lasercut pag

.\bin\occonv -f sim ovc_cie lcp 2012.rad material.rad model.rad window. rad[lasercutBSDF .rad 3 base D l.oct

14.00

12.00

N
o
o
o

8.00

6.00

Daylight Factor (%)

4.00

2.00

void BSDF cfs
6 0 . \btdf2mkillum145x1297 LCP. xm|
0
0
cfs polygon poly7/79

e —

Case D: simulated st. Sk
y (lasercutpanel.cal

Vs.
Ovc LCP_BSDF.rad
(btdf2mkillum145x1297 _Icp.xml)

0.00
0.0

1.0 2.0 3.0 4.0 5.0

—A) Real Building (real sky)

——A) Case D simulated st. Sky (lasercutpanel.cal)

Computin
g Time

60h

(gl |

ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE

—2) ovc lasercut.rad prism2 (btdf2prism2_lcp.cal)
—3b) ovc LCP_BTDF.rad (btdf2mkillum145x1297 _LCP.xml)

—4b) ovc LCP_BSDF (btdf2mkillum145x1297)

11th International Radiance Workshop
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d) bsdf material + mkillum 45 »

\bl'l\CCC’l -f sim ovc_cie lcp 2012.rad material.rad model.rad window. rad[lasercutB‘*DF MK.rad %base_D_O.oct

v

void BSDF cfs

6 0 . \btdf2mkillum145x1297_LCP.xml
001.

0

0

#@mkillum i=cfs d=223 s=115

M=WINAOW4  Case D: simulated st. Sky
cfs polygon poly7/(t89serCutPanel.cal)
Vs.
Ovc_LCP_BSDF_MK.rad
(btdf2mkillum145x1297 _|cp.xml)

13
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ICHSPrigiatic Film' S exterior =" =0 TRATION SYSTENS “ocici, g

a) primitive prism2

12.00

.\bin\ocgonv —.1‘3_ sim ovc_cie_ film3M 2012.rad material.rad model.rad window.ra& film3M.rad |> base_D O.oct
T v
e A void prism2 film3m
sh ﬁ 9 coef1 dx1 dy1 dz1 coef2 dx2 dy2 dz2
g 800 MR btdf2prism2_fiim3Mext.cal
S T 0
& 600 I It S
' SUU1 :
£ + Case D: simulated st. Sky
> (Film3M_Int.cal)
0O 4.00 N\FT
Vs.
) Ovc_lasercut.rad prism2
00 (btdf2prism2 film3Mext.cal
0.00
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 w!
—A) Real Building (real sky)
—A) Case D simulated st. Sky (film3M.cal)
Compula-n) ove film3M.rad prism2 (btdf2prism2_film3Mext.cal
g Time P P -
76h
e it termationlRadlance Workshop 14
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Prismatic Film w
b) BTDF data - I

c-*c;c; ;£7;j:r;t_ovc_cie_filmSM_ZOlZ.rad material.rad model.rad window.rad| film3MBTIDF 1297.rad } base D O.oct
\4
#@mkillum i=void c=d d=btdf2mkillum145x1297 _film3Mext.xml s=40000 |+
u=+Z

oid polygon poly7/79
vold polygon poly Case D: simulated st. Sky

(film3M_Int.cal)
Vs.

Ovc_film3M_BTDF.rad
(btdf2mkillum145x1297_film3Mext.»

Chantal Basurto-Davila
EPFL ENAC ICARE LESO-PB
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Prismatic Film
c) bsdf material w

.\bin\oconv -f sim ovc_cie film3M 2012.rad material.rad model.rad window. raE film3MBSDF. rad} base D l.oct ‘

void BSDF cfs v

6 0 \btdf2mkillum145x1297 film3Mext.xml
001.

0

0

Cs polygon poly///9  case D: simulated st. Sky

(lasercutpanel.cal

Vs.
Ovc_film3M_BSDF.rad
(btdf2mkillum145x1297_film3Mext.»

Chantal Basurto-Davila
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Prismatic Film w
d) bsdf material + mkillum ._
.\bin\oconv -f sim ovc_cie film3M 2012.rad material.rad model.rad window.rad [filmSMBSDF_MK. rad]> base D 0O.oct
/

void BSDF cfs
6 0 .\btdf2mkillum145x1297_fiim3Mext.xml
001.

0

0

#@mkillum i=cfs d=223 s=115 m=window4

cts polygon poly /{2 b simulated st. Sky

(Film3M_Int.cal)
Vs.

Ovc_film3M_BSDF_MK.rad
(btdf2mkillum145x1297_film3Mext.xrr

Chantal Basurto-Davila
EPFL ENAC ICARE LESO-PB
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4) Preliminar conclusions

1) The results obtained in this verification suggests that
the use of the procedures available today are reliable.

2) Results using the new procedures were slightly closer
to those using the primitive prism2 when simulating
sharp redirecting CFS than when simulating less sharp
redirecting CFS.

3) Computing time doesn't increase when applying
Window 6 XML file, and in some cases its even reduced.

4) The use of the new available procedures gives the
possibility of testing more CFS as allows the use of not

only sharp redirecting CFS.

) 11th International Radiance Workshop .
Ffog.”gllwf&!% Chantal Basurto-Davila LES®-P B
: EPFL ENAC ICARE LESO-PB
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PLEX FENESTRATION SYSTEM
PﬁﬁAﬂc‘;rAeTwr(\)l JHROUGH COM S ON SYSTEMS

a) Tec de Monterrey -Private University- PRESENT WORK

*llluminance and Luminance
measurements were already
taken

on-site during winter and
summer solstice (clear and
overcast sky conditions)

*Calibration of the virtual

model: ongoing process

' NEXT;
b) Centro de Estudios del Desarrollo (UAZ) —Research Center-

*Testing of different CFS on both
virtual models:

-LCP

-Prismatic Film 3M interior and
exterior

-Light channeling panel

-Sun directing Glass (lumitop)

: : -Others

it ol Radance Worahop 19
EPFL ENAC ICARE LESO-PB
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T n oA

EMS

-0

June 2000
/ f

Scale 1:134,000,000 S N = Ant a r ctica / Boundary representation is
Robinson Projectior i N NG D= X | / 4 -~ o 2 not necessarily authoritative,
= 1 60, \ a / B0 120 5 180=
standard parallels 38'N and 38°S = 20 NS 3 \ ) / ! / -

802703AI (RO0352) 6-
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1) Daylight optimization of buildings located at low latitudes

1.1 Tec de Monterrey

Orientation: 53° SW

Typology: Educational-Private University
Function: Library Office

Dimensions: 5.2m x 7.3m x 3.02m

Area: 32.7 m?

Occupation Time: 9am to 2pm / 4pm to 8pm

Window Area: 14.24 m?

Proportion window/area: 0.43
Fenestration details: double glazing
Sun shading: none

N T

.(Pﬂ. 11th International Radiance Workshop 3
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2) Universidad Autonoma de Zacatecas (UAZ)

Orientation: 35° SE

Typology: Educational-Public Research Center
Function: Private Office

Dimensions: 4.2 mx 5.2m x 2.7m

Area: 21.84 m?
Occupation Time: 9am to 2pm / 4pm

Window Area: 10.75 m?
Proportion window/area: 0.52
Fenestration details: single glazing

1\*:.\ : A%
TR '

TR N

.(l)ﬂ. 11th International Radiance Workshop
£COLE POLYTECHNIQUE Chantal Basurto-Davila

.- EPFL ENAC ICARE LESO-PB
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BTDF2RADIANCE: BTDFs and Radiance / 3/ BTDF2RADIANCE: BTDFs and Radiance / y
X

Conversion from IEA21 to the XML format Conversion from IEA21 to the XML format
N A Y=Y
spherical coordinate system BTDF visualization: photometric solid S spherical coordinate system
inclination and azimuth y (hemispherical light transmittance of 0.43) it indlination and azimutt up=+z bs | 1213 [
0.7 ) . : 22
y"=(normal) x (x") 26 g% ey [
[ b 127 96 - "eg | 68 | oL 91 X 120
~ interior |/ o8 T~ 128 T 70 e[ /88 %0
I interior % 7147 26 s g 7Lz Ces e
e x"= (up) x (normal) S normal = 2" -~ ”7; Va2 120310 {20 i JAT‘-
04 azimuth oy 49/28/13 4 |3 19213 &7 X"
. 300 < 131101 74 50 29/ 14| §| 1 2 8 20 3862 %6 116 B
exterior g e 2 285 15
' {ncination P L 03 1210275 51 30 15 6 7 19037 61 g5 w5
2;25 7:0 03 76 % Y “xs A, 841 144
LR~ o ° 02 z inclination = 208 2 5:2 3 # ”“ 13
z 0 134 7 5056 57 g o
o1 Y ATy v TR
y x 136 /107 305200 M0 2
X (12, 60%) o 17 13
Reference frame attached to the sample: Reference frame attached to the sample (with up=+Z or direction 0 0 1):
- 7’ pointing outside, y’ vertical, x" horizontal - z” pointing inside, y” vertical, x” horizontal

|ESi®-PB Solar Energy and Building Physics Laboratory LESO-PB | ESi®-PB Solar Energy and Building Physics Laboratory LESO-PB
sonaron: e oA Ecole Polytechnique Fédérale de Lausanne EPFL cot o [N Ecole Polytechnique Fédérale de Lausanne EPFL COLE POLTICHNIQUE

Presentation at the Radiance 10th International Workshop
Jérébme Kampf by Carsten Bauer

Berkeley Laboratory, LA, 2011



Introduction

New attempt to use BTDF data with Radiance (2010)

BTDF2RADIANCE: BTDFs and Radiance ’ / 3/ é{

Laser Cut Panel

(¢0." 80.)

2010:  mkillum pre-process

. } Using an XML file format to describe the BTDF
2011:  bsdf material

Solar Energy and Building Physics Laboratory LESO-PB
Ecole Polytechnique Fédérale de Lausanne EPFL (COLE POLYTECHNIQUE

FENERALF DF TATISANNF

Presentation at the Radiance 10th International Workshop
Jérébme Kampf by Carsten Bauer

Berkeley Laboratory, LA, 2011
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File Edit Search View Encoding Language Settings Macro Run TedtFX Plugins Window ?
sEBEB LA 4dhRie/ i 23 BRI ERCENNEEsv Gy
B mesh_D_p.out | B mesh_7_20120ut | E batch_uaz_18jan 12_11am_clear GENSKY_-Bbat (= batch_DEMONA_ovo_LCP_prism2bat | Bl lasercutrad |

1 [eecho off

2 echo "First octree"

3 .\bin\cconv -f sim ovc_cie_lcp_2012.rad material.rad model.rad window.rad lasercut.rad > base_D_0.oct

4 echo "Mkillum"

5  .\bin\mkillum -u+ -av 0 0 0 -ab 9 -ds 0.01 -dj 0.9 -dt 0.05 -dc 0.17 -dr 3 -dp 4096 -ar 64 -aa 0.2 -ad 4096 -as 2048 base_D_O.oct "<" lasercut.rad > illums_D.rad

& echo "Second octree"

7 .\bin\cconv sim ovc_cie_lcp_2012.rad material.rad model.rad window.rad illums D.rad > base_D_l.oct

2 echo "Mesh-points calculation"

9 .\bin\rtrace -w -I -h -u+ -av 0 0 0 -ab 9 -ds 0.01 -dj 0.9 -dt 0.05 -dc 0.17 -dr 3 -dp 4096 -ar 64 -aa 0.2 -ad 2048 -as 1024 base D l.oct < mesh D p.inp |.\bin\rcalc -e "$1=(0.265%$1+0.67*$2+0.065%$3)*179" > mesh D p.out
10 echo "Picture window"

11 .\bin\rpict -t 10 -pa 1 -x 600 -y 600 -vtv -vp 1.53 5.5 1.8 -vd 0 -5 0 -vu 0 0 1 -ab 11 -av 0 0 0 -ad 256 -as 128 -aa .2 -ar 32 -dp 4096 base D_l.oct >.\LCP\ovc\base_D_1.hdr
12  .\bin\pcond -h .\LCP\ovc\base D_1.hdr >.\LCP\ovc\base D_1 H.hdr

13  .\bin\ra_bmp .\LCP\ovc\base D_1 H.hdr .\LCP\ovc\base _D_1 H.bmp

14 echo "Picture wall"

File Edit Search View Encoding Language Settings Macro Run TextFX Plugins Window ?
cOBR s LBl4DRPeing 2= BEISI1EICENERIZavERY
[E mesh_D_p.out | batch_DEMONA ove_LCP_pism2bat | [E window.rad | B lasercutrad | [ batch_DEMONA_ove_LCP_BTDFbat |

Eecho off

echo "First octree"

.\bin\oconv -f sim ovc_cie_lcp_2012.rad material.rad model.rad window.rad lasercutBTDF_145.rad > base_D_0.oct

echo "Mkillum"

Abin\mkillum -u+ -av 0 0 0 -ab 9 -ds 0.01 -dj 0.9 -dt 0.05 -dc 0.17 -dr 3 -dp 4096 -ar 128 -aa 0.1 -ad 26315 -as 10240 base_D_0.oct "<" lasercutBIDF_145.rad > illums_D.rad
echo "Second octree"

.\bin\oconv sim_ovc_cie_lcp_2012.rad material.rad model.rad window.rad illums D.rad > base_D_l.oct

echo "Mesh-points calculation"
.\bin\rtrace -w -I -h -u+ -av 0 0 0 -ab 9 -ds 0.01 -dj 0.9 -dt 0.05 -dc 0.17 -dr 3 -dp 4096 -ar 128 -aa 0.1 -ad 26315 -as 10240 base D l.oct < mesh D p.inp |.\bin\rcalc -e "$1=(0.265%$1+0.67%$2+0.065%$3) *179" > mesh D p.out
echo "Picture window"
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File Edit Search View Encoding Language Settings Macro Run TextFX Plugins Wind ?
cHBBTHLAI Db/ fh 3 BRISIERCENNEEsvy=agy

[ mesh_D_p.out | E batch_DEMONA_ove_LCP_prism2bat | [ window rad | lasercutrad | [E batch_DEMONA ove_LCP_BTDFbat | [ laseroutBTDF_1297rad | [ batch_DEMONA_ov_LCP_BSDFbat |

Gecho off

echo "First octree”

.\bin\oconv -f sim _ovc_cie_lcp 2012.rad material.rad model.rad window.rad lasercutBSDF.rad > base D l.oct
echo "Mesh-points calculation”

echo "Picture window"

-\bin\rpict -t 10 -pa 1 -x 600 -y 600 -vtv -vp 1.53 5.5 1.8 -vd 0 -1 0 -vu 0 0 1 -ab 9 -av 0 0 0 -ad 512 -as 256 -aa 0.2 -ar 32 -dp 4096 base_D l.oct >.\_LCP\BSDF\ovc\base D_1.hdr
-\bin\pcond -h .\_LCP\BSDF\ovc\base D_1.hdr > .\_LCP\BSDF\ovc\base D 1 H.hdr

.\bin\ra bmp .\ LCP\BSDF\ovc\base D 1 H.hdr .\ LCP\BSDF\ovc\base D 1 H.bmp
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j C:\Users\basurto ECT\S EMO a
File Edit Search View Encoding Language Settings Macro Run TextFX Plugins Window ?

cHBEB LA 4dDhiRi2e |t 23 BRI 1ERCENREEsvYEEY

[ mesh_D_p.out | batch_DEMONA ove_LCP_prism2bat | I window.rad | [H lasercutrad | [ batch_DEMONA_ove_LCP_BTDF bat | lasercutBTDF_1297rad | (& batch_DEMONA_ove_LCP_BSDFbat | [ lasercutBSDFrad | 5 batch_DEMONA_ove_LCP_BSDF_MKILLUMbat

kéecho off

echo "First octree"

.\bin\oconv -f sim ovc_cie_lcp_2012.rad material.rad model.rad window.rad lasercutBSDF_MK.rad > base_D_0.oct

echo "Mkillum"

A\bin\mkillum -u+ -av 0 0 0 -ab 9 -ds 0.01 -dj 0.9 -dt 0.05 -dc 0.5 -dr 3 -dp 4096 -ar 128 -aa 0.1 -ad 26315 -as 10240 base_D 0.oct "<" lasercutBSDF_MK.rad > illums_D.rad

echo "Second octree"

.\bin\cconv sim_ovc_cie_lcp_2012.rad material.rad model.rad window.rad illums_D.rad > base_D_l.oct

echo "Mesh-points calculation”

.\bin\rtrace -w -I -h -u+ -av 0 0 0 -ab 9 -ds 0.05 -dj 0.9 -dt 0.03 -dc 0.5 -dr 3 -dp 4096 -ar 128 -aa 0.1 -ad 26315 -as 10240 base D l.oct < mesh D p.inp |.\bin\rcalc -e "$1=(0.265%$1+0.67*%$2+0.065%$3)*179" > mesh D p.out
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-\bin\rtrace -w -I -h -u+ -av 0 0 0 -ab 9 -ds 0.05 -dj 0.9 -dt 0.05 -dc 0.5 -dr 3 -dp 4096 -ar 128 -aa 0.1 -ad 26315 -as 10240 base_D l.oct < mesh D p.inp |.\bin\rcalc -e "$1=(0.265*$1+0.67*$2+0.065%$3) *179" > mesh D p.out



