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Benefits of (day)light
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« Khademagha P, Aries MBC, Rosemann ALP, van Loenen EJ, Implementing non-image-forming effects of light in the built environr
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Spectral sky models

Analytical models for daylight ( e.g., Preetham, Shirley, and
Smits, 1999; Hosek and Wilkie, 2012)

* Mark Stock code (Genutahsky.c), 2015
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Simulation parameters

Gen(utah)sky Eindhoven Utah
Month March June March June
& December December § 2
Q ,
th th
o day 15 15 ‘/
g hour 8:00 to 17:00 (hourly)  8:00 to 17:00 (hourly)
— ) _
® Coordinate -m (standard -15 105 Sky rad
Q. S meridian)
>
f") -a (latitude) 51.26 39.32
=0 (longitude) -5.28 111.09
-t (turbidity) 2.5
¢ -ab (ambient bounces) 7
—
()
° -ad (ambient divisions) 2048
S
(C  -as (ambient super- 512
g sample)
whd
qC, =ar (ambient resolution) 512
5
E -aa (ambient accuracy) 0.08
<
=-aV (ambient value) 0.010.01 0.01 o/9/e PAGE S




Daylight calculation

Calculation
! s y
Image-forming Non-image-forming
effects effects
Quantity E= 179%- (0.2651 +0.670 I +0.06515) | E,.= -0.034 1, +0.323 I; + 0.558 I
k\ X e x / P4
\V N
Spectrum V(A1) C(1)

N

* Geisler-Moroder and Dur, 2010
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CIE clear sky vs. Spectral sky models - June 15th
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Comparing CIE clear sky vs. Spectral sky - simulations

Location : Eindhoven

December 15

Location : Utah

December 15

) CIE clearsky Spectral sky
Solar time
RGB E(lux) Eec R G B E(lux) Eec
8:00 29.64 5303.72 2239 | 2469 28.77 30.85 4979.49 23.04
12:00 20430 36562.26 154.33 | 206.13 217.13 231.26 38499.91 172.2¢
16:00 29.62 5301.52 2238 | 20.41 2381 2493 411331 18.73
0% 0% 0% 17% 17% 19% 17% 19%
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Comparing CIE clear sky vs. Spectral sky - simulations

Location : Eindhoven March 15
CIE clearsky Utahsky
RGB E(lux) Ee,c R G B E(lux) Ee,c
8:00 102.10 18272.44 77.13 | 83.68 950.76 98.08 15992.08 72.89
12:00 | 271.90 48660.97 205.40| 275.34 288.33 305.84 51187.50 228.03
16:00 |102.09 18270.21 77.12 | 107.96 115.88 124.63 20464.28 92.69
0% 0% 0% -29% -28% 27% -28% -27%

Solar time

Location : Utah March 15
) CIE clearsky Spectral sky
Solar time
RGB E(lux) Eec R G B E(lux) Eec

8:00 146.88 26285.64 110.95 | 128.40 137.00 146.94 24224.72 109.33
12:00 352.27 63043.15 266.10 |364.75 379.23 398.88 67409.53 297.94
16:00 146.86 26282.16 110.94 | 57.56 167.15 178.82 29594.91 133.11

0% 0% 0% 55% -22% -22% -22% -22%
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Comparing CIE clear sky vs. Spectral sky - simulations

Location : Eindhoven June 15
) CIE clearsky Utahsky
Solar time
RGB E(lux) Ee,c R G B E(lux) Ee,c
8:00 276.34 49455.09 208.75| 269.30 282.39 300.08 50122.12 223.64
12:00 | 424.24 75924.45 320.47|426.35 441.24 460.86 78486.97 344.77
16:00 276.33 49453.57 208.74| 267.66 280.69 298.28 49819.11 222.30
0% 0% 0% 1% 1% 1% 1% 1%
Location : Utah June 15
) CIE clearsky Spectral sky
Solar time
RGB E(lux) Ee,c R G B E(lux) Eec
8:00 281.61 50397.34 212.73 |275.05 288.28 306.17 51171.16 228.2
12:00 469.57 84036.38 354.71 | 469.42 484.68 504.49 86245.95 377.7
16:00 281.59 50395.32 212.72 | 273.20 286.39 304.23 50834.61 226.7!
0% 0% 0% 1% 1% 1% 1% 1%

9/9/16 PAGE 14



Comparing CIE clear sky vs. Spectral sky - simulations

Locaion : Eindhewven Location : Utah

December 15th December 15th

CIE clearsky Spectral sky % Relative difference CIE clearsky Spectral sky % Relative difference

Salar tim RGB E(lux) Eec R G 2 Eflux) Eec Ellax) Eec Solar time RGB E(lux) Eec R G B E(lux) Eec Ellax) Eec
800 1163 208208 878 2.77 362 367 §07.52 273 8:00 2064 530372 2239 24.69 28.77 3085  4979.49 23.04 6% 3%

9:00 2860 511740 2160 2322 27.08 2879 463268 2154 8% 0% 2:00 9005 1611570 6802 9205 9934 | 107.03 1752133 7958 9% 17%
10:00 5526  9889.22 4174 52.19 57.91 6270 1014858  46.62 3% 12% 10:00 15231 2725723 11505 15606 16550 17691 2930289 13171 8% 14%
11:00 87.24 1561219  65.90 83.47 90.50 9772 1594523 7263 2% 0% 11:00 19111 3420260 14437 19489 20554 21909 3643659  163.19 7% 13%
12:00 98.14 1756355 74.14 92.52 99.84 107.57 17609.79  79.98 0% 8% 12:00 20430 3656226 15433 20613  217.13 23126 3849991  172.29 5% 12%
13:00 87.25 1561542 6591 7858 85.44 9221 1504366 6856 4% 4% 13:00 19118 3421382 14442 18913 19960 = 221281 3537760 15851 3% 10%
14:00 5526  9889.22 4174 4258 4789 5210 836765 3871 -15% i 14:00 15234 27263.12 11508 14443 15348 16420 2716181 12223 0% 6%

15:00 2863 512340 2163 2029 2368 | 2479 408958 1862 _ 20% 1% 15:00 9007 1611993 6804 7567 8245 1452016 6621 a0 3%

82,07
16:00 T e U R | 42020 B 142 _ 16:00 2062 530152 2238 2041 2381 | 24983 41331 1873 -16%
17:00 R TR IS N007 RN 1208 004 17:00 898 160644 678 049 059 052 10006 0.1

Locaion : Eindhowen

MarchiSth Location : Utah
CIE clearsky Spectral sky 9% Relative difference .

Salar tim RGB  E(lux)  Eee R G 8 Elu)  Eee Bl Eee Bt Seednd ki
800 10210 1827244 7713 8368 9076 | 9808 1595208 7289 1% -5% Salar tim S Bl e = = E ElSg ESS Ellux) Eec
9:00 17346 3104231 13103 16063 17031 18213 3015753 13558  -3% 3% 800 e = 157000 R 2422472 10933 8% 1%
10:00 22737 4063039 17175 22037 23193 | 24702 4113340 18402 1% 7% 200 T =7 B 407 18608 1% 5%
12:00 26059 4663539 19685 25944 27207 = 28898 | 4828792 21539 4% 9% 1o:00 R el C0° B 5512176 245.11 3% 9%
12:00 27190 4866097 20540 27534 28833 30584 5116750 22803 5% 11% 1:00 R G 27545 RN C388048 25285 % 1%
0 26064 4664502 19689 26660 279.38 = 20654 4959164 22106 6% 12% 12:00 T 579251 R 6740053 297.94 7% 12%
14:00 227.35 4058830 17174 23416 24612 | 26191 4366237 19514 7% 18% B0 R 20010 R 65437.78|  289.53 % %
15:00 17345 3104202 13103 18022 19057 | 20355 3376481 15156 9% 16% 14:00 e Sl 327220 G S8125.06  258.12 9% L%
1600 0208 187020 7742 10796 158 12463 0seszs  s2e0 1% [2onll 15:00 23388 4185674 17668 20655 25884 | 2758 4592936 20507 10% 16%
1700 P o> B sssi0: 2527 | % 16:00 14686 2628216 11094 5756  167.15 | 17882 2950491 13311 13%

17:00 4345 777560 3282 5214 5788 | 6272 1014248 4662
Locaion : Eindhewen Location : Utah

June 15th June 15th
CIE clearsky Spectral sky 9% Relative difference CIE clearsky Spectral sky 9% Relative difference
Salar tim RGB E(lux) Eec R G B E(lux) Eec Ellux) fec Salar tim RGB E(lux) Eec R G B E(lux) Eec Ellax) Eec
800 27634 4945500 20875 26930 28238 30008 5012212 22364 1% 7% 8:00 28161 50397.34 21273 27505 28828 | 30647 5117116 22821 2% 7%
.00 33852 6058282 25572 33451 34879 | 36823 6196897 27482 2% 7% 3:00 35789 6404930 27035 35592 37046 | 39047 6583751 29135 3% 8%
10:00 38514 6892643 29094 38470 39945 41926 7100715 31331 3% 8% 10:00 41561 7437840 31395 41764 43252 45221 7692776 33823 3% 8%
12:00 41387 7406765 31264 41564 43051 45021 7656950 33671 3% 8% 12:00 45350 8116061 34258 45622 47125 & 49080 8385126  367.41 3% 7%
12:00 42424 7532445 32047 42635 44124 460.86 7848697 34477 3% 8% 12:00 469.57 8403638 35471 469.42 48468  S04.49 8624595 37271 3% 6%
13:00 41389 7407105 31265 4524 43011 44981 7649667 33641 3% 8% 13:00 45356 8117068 34262 45574 47078 49032 8376594  367.05 3% 7%
14:00 38512 6892330 20092 38336 39812 4796 7077886 31232 3% 7% 14:00 41558 7437400 31393 41670 43159 45131 7676205 33754 3% 8%
15:00 33852 6058318 25572 33339 34767 36711 6176854 27397 2% 7% 15:00 35788 64048.42 27035 35415 36869 38841 | 6552177  290.02 2% 7%
16:00 27633 4945357 20874 26766 28060 | 29828 4981911 22230 1% 6% 16:00 28159 5039532 21272 27320 28639 | 30423 5083461 22675 1% 7%
17:00 20228 3620068 15280 19100 20189 | 21583 3577553 16066 1% 5% 17:00 18990 3398584 14345 17855  189.05 | 20231 38961 15057 1% 5%
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Daylight spectral measurement

July 19-21
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Comparing CIE clear sky vs. Spectral sky - measurements

Realtive difference (between measurements and simulation)
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Comparing CIE clear sky vs. Spectral sky - measurements

Realtive difference (between measurements and simulation)
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Comparing CIE clear sky vs. Spectral sky - measurements

Realtive difference (between measurements and simulation)
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Comparing CIE clear sky vs. Spectral sky - measurements

Realtive difference (between measurements and simulation)
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Comparing CIE clear sky vs. Spectral sky - measurements

Realtive difference (between measurements and simulation)
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Influence of turbidity on simulation results

15t December 8:00

CIE clearsky Spectral sky % Relative difference
Eindhoven_location RGB E(lux) Eec R G B E(lux) Eec E(lux) Ee,c
Turbidity_1.5 12.59 2252.55 9.51 -0.89 -0.81 -0.24 -142.00 -0.29 -106% -103%
Turbidity_2 12.13 2169.88 9.16 3.85 5.02 5.01 843.08 3.83 -61% -58%
Turbidity_2.5 11.63 2081.08 8.78 2.77 3.62 3.67 607.52 2.79 -71% -68%
Turbidity_3.5 10.70 1915.39 8.09 1.94 2.47 2.49 416.65 1.90 -78% -77%
Turbidity_5 9.31 1666.92 7.04 1.37 1.66 1.62 282.33 1.24 -83% -82%

CIE clearsky Spectral sky % Relative difference
Utah_location RGB E(lux) Eec R G B E(lux) Eec E(lux) Ee,c
Turbidity_1.5 24.56 4394.59 18.55 11.26 11.33 12.70 2040.50 9.33 -54% -50%
Turbidity_2 27.12 4854.23 20.49 27.04 32.91 36.80 5656.36 27.23 17% 33%
Turbidity_2.5 29.64 5303.72 22.39 24.69 28.77 30.85 4979.49 23.04 -6% 3%
Turbidity_3.5 34.68 6205.79 26.19 23.90 26.53 26.80 4626.72 20.28 -25% -23%
Turbidity_5 42.34 7578.05 31.99 24.36 25.65 24.30 4514.06 18.67 -40% -42%
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Conclusions

* When the two sky models are compared, results are
comparable for the higher sun angles, but significantly
different for low sun angles.

« Simulation errors increases when turbidity increases and
decreases from the default 2.5 value.

 When simulation and measurement data are compared,
errors are:

 higher than 20% for E (both skies) and G wave-band
« Lower than 20% for R and B wave-bands
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