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Optimal design of natural lighting of photovoltaic skylights in waiting halls
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Abstract; Translucent photovoltaic skylights have unique synergistic characteristics of shading and power
generation, which have been widely used in public skylights of tall buildings. Its variable shading and light
transmission characteristics aggravate the complexity of natural lighting mechanism when applied to skylights in tall
and large public buildings. This paper aims to improve the natural lighting problem in the tall and large space of
railway passenger station waiting halls, and reveal the influence mechanism of the key design parameters of
translucent photovoltaic skylights on the natural lighting. In this paper, Beijing is selected as the representative area
in northern China, where solar radiation level is moderate, and natural lighting shading and heat gain need to be
taken into account. Based on extensive investigation, the typical translucent film photovoltaic skylight of high space
waiting hall of typical railway station was selected as the research object, and the DAYSIM tool was used to
complete the dynamic simulation and analysis of indoor light environment throughout the year. The study verified
the decisive effect of roof area ratio of photovoltaic skylights on the quality of the indoor light environment. Results
show that the critical values of roof area ratios of centralized skylights and “one column and many rows” distributed
skylights were 40% and 15% respectively. A suitable minimum area ratio of skylights was recommended for the
centralized application of photovoltaic modules with different visible light transmittances. Comprehensive design
suggestions for the “one column and many rows” distributed skylights were provided, including the number of
longitudinal skylights and the vertical and horizontal dimensions. Based on this, the natural lighting optimization
design strategies for translucent photovoltaic skylights were proposed for the two typical distribution modes
respectively.
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Fig.1 Research technical route
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Fig.2 Typical model of lower space of a railway passenger station
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Fig.3 Typical models of photovoltaic skylight distributions
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Fig.4 Layout of different roof area ratios of photovoltaic skylights
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Photothermal properties of different translucent film

Tab. 1

photovoltaic modules

AWEE R ERH RIATRA
S Y QY 4 EY 4

10% BCHBOCRIEE  0.079
15% ZCHBOGREER 0,117
20% FGCHBOCRBEE 0,160
25% FLHBOCRBERE 0,196
30% FOCHBOLRIEE  0.233
35% FEHBOLRYERE  0.271
40% BICHBOCRITE  0.309
45% BICHBOCRITE  0.346
50% FOCHPBOLRIRE  0.383

BIELUT

.125  0.216 0.188
131 0.230 0.201
143 0.251 0.219
146 0.271 0.233
149 0.285 0.248
151 0.298 0.262
152 0.316 0.275
152 0.324 0.288
.1530.345 0.301
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Tab.2  Solar radiation conditions of typical cities in different light climate regions in China
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ERAEX ML o . AESEH H BB h AR Z SR/ °C
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X
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1 EA] 1568 725 2197.6 15.7
X
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X

H 1335 870 2181.9 15.1

bl 1 340 854 2546.8 13.8
VIX
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Tab.3  Optical parameters of different materials
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Tab.4 Simulation settings in DAYSIM
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Tab.5 Analysis settings in DAYSIM
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Tab.6 Simulation results of centralized distributed skylights

Sy RERSH/m WREHELEL P/ % (Ugcro0)/ % (Uroo<e<2 000 )/ % (Ugsz000)/ %
1 67.88 0.10 30.73 9.55 80.67 9.84
2 83.14 0.15 38.39 6.44 79.53 14.03
3 96.00 0.20 48.43 3.65 78.15 18.13
4 107.33 0.25 58.24 2.88 75.28 21.84
5 117.58 0.30 70.23 2.28 71.20 26.48
6 126.99 0.35 80.00 1.88 66. 83 31.23
7 135.76 0.40 89.51 1.51 57.00 41.43
8 144.00 0.45 90.52 1.43 54.36 42.11
9 151.79 0.50 92.80 1.29 51.76 46.91
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Fig.5 Variation of P values under different window-house area

ratios in centralized distribution
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Fig.6  Variation of U values under different skylight area ratios

in centralized distribution
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Tab.7 Annual average daylight availability P of centralized skylights under different skylight area ratios and light transmittances in

Beijing area (illuminance requirement; 450 Ix)

%

K 2= 1 AR L B %
10 15 20 25 30 35 40 45 50

0.10
0.15 47.76 51.36
0.20 53.15 47.84 62.57 67.55
0.25 52.49 58.24 64.37 69.92 75.48 78.42
0.30 53.49 67.52 70.23 76.25 80.85 84.32 87.09
0.35 53.88 65.59 75.80 80.00 84.55 84.65 89.30 91.06
0.40 51.19 64.17 75.60 82.37 89.51 88.34 89.98
0.45 57.72 71.59 80.20 87.25 90.52

0.50 63.76 77.59 86.40
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Fig. 7 Uj<ger oo value distribution of each measurement point of centralized distribution under different skylight roof area ratios
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Tab.8 Recommended minimum values of skylight roof ratios
under different light transmittances of centralized
skylights in Beijing area

W EIRE I My % AR/ N R o T AR L
15<My; <20 0.50
20<Myy <25 0.40
25<Myy <35 0.35
35<Myy <45 0.30
45 <My <50 0.25
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Tab.9  Simulation results of “one column and many rows” distributed skylights
SEHRAE S RE/A K I/ m H R % P/ % (Ug i)/ % (Uipo<r<aon )/ % (Ugs2000)/%
1 3 102.50 3.10 15.13 48.17 49.40 2.49
2 6 38.00 6.30 22.12 18.45 78.07 3.49
3 9 21.88 9.40 35.97 10.40 84.60 4.99
4 12 14.55 12.50 47.12 7.55 86.31 6.05
5 15 10.36 15.60 53.04 6.15 86.67 7.09
6 18 7.65 18.80 49.92 5.01 76.73 18.19
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