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P53

Seung-Hoon Han*

* Corresponding author, Professor, School of Architecture, Chonnam National Univ., South Korea (hshoon@jnu.ac.kr)

ABSTRACT

KEYWORD

Purpose: Translucent solar cells allow light to pass through and enable bifacial power generation. In particular, ~EZFE3 EfLH2|

when translucent solar cells are applied to vertical louvers, the power generation effect can be expected to be
excellent. This study analyzed whether a daylight environment could be created when translucent solar cell vertical
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louvers were applied to office space units. In addition, this study was conducted to examine the power generation
performance by applying the bifacial power generation characteristics of the translucent solar cell louver. Method: ~ Translucent Solar Cells
It targets office space units facing south, east, or west. Analysis was performed based on changes in the angles of the ~ Double-sided Solar Cells

louvers and the Visible Light Transmittance (VLT) of the translucent solar cells applied to the louvers. Daylighting

Vertical Louvers
Daylight Environment

performance was evaluated using the criteria of LEED v4.1 using the Useful Daylight Illuminance (UDI) concept.

In addition, surface solar radiation analysis was performed on both sides of the louver to examine the power A CCEPTANCE INFO
generation performance of the translucent solar cell. Simulations based on Radiance and EnergyPlus engines were  Received Dec. 24, 2023
performed with Rhino Grasshopper Ladybug & Honeybee plug-ins. Result: The application of translucent solar cell ~ Final revision received Jan.10, 2024

louvers in office space was found to have excellent usability in the following order: south, west, and east facings.

Accepted Jan. 16, 2024

Additionally, this study provides an information table and optimal plan for UDI and power generation performance

according to the angle and VLT changes of the translucent solar cell louvers.

(© 2024. KIEAE all rights reserved.
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{Opaque PV> <Translucent PV)

Fig. 1. Characteristic of translucent solar cell louvers
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n angle range
I ' -90° ~ 0°

<{Model 1 : When the rotation angle range
of the louver is -90 to 0 degrees)

<Model 2 : When the rotation angle range
of the louver is 0 to 90 degrees)

Fig. 2. Model settings according to louvers rotation direction

Office Space

{Compositon of Translucent PV Louvers)

{Compositon of Office Unit>

Fig. 3. Office space model overview
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Table 1. Variables used in daylight analysis

Table 3. Daylight analysis results (south facing)

Division Time (hour) VLT (%) Angle ( °) Angle VLT
90, 75, -60, 10% 20% 30% 40%
-45, 30, -15, -90° 26.3% 50.3% 66%" 71.7%
Valuable 9, 15 10, 20, 30, 40 | 0(a), O(b),
15, 30, 45, 60, 750 79.3%* 7%+ 75%% 71.7%
75, 90 -60° 81.0%** | 80.3%* 2% 71.7%*
(a) and (b) refer to model 1(a) and model 2(b). -45° 87.7%** 84.7%** 71.7%* 71.7%*
-30° 88.7%% | 87.7%¢* T17%* T17%*
Table 2. Variables used in radiation analysis _15° 84%** 80.7%"* T1.7%* T1.7%%
Division Surface Angle ( °) 0°(a) 76.7%* 75.7%** T1.7%* 71.7%*
_ 90, 75, -60, -45, 0°(b) 76%** 75.3%** T1.7% 71.3%*
Valuable Right, Left 1 5',303’0:1:;,022’ ;) 5(?);0 15° T1.7% T17% 70.3%* 67.3%*
30° 61.7% 60.7%* 59.3%* 56%*
45° 45% 44.3% 43.7% 40.7%
G2 ARgohE F7e] v A of tiste] 300~3,000luxe] Xk 0° ST 56.3%* S47% 51.4%
£ AT dA vgE 59 /e Fofsie, 55%8 dAstae o 750 47.3% 64.7% 1% 70%*
1p0mt 5% 9745t W 2point, 90%5 273592  3point 90° 25.3% 49.3% 66.3%* T17%*
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Table 4. Solar radiation analysis results (south facing)

Table 5. Daylight analysis results (east facing)

Solar radiation for each side Sum of solar

Angle (KWh/m’) radiation
Left Right (KWh/m)

-90° 956.5 0* 956.5 (1)
-75° 949.5 2.8% 952.1 (2)
-60° 838.9 26.8* 863.2 (4)
-45° 7149 52.2% 762.4 (6)
-30° 546.5 120.9* 656.5 (8)
-15° 365.1 212.1%* 558.1 (12)
0°(a) 364.3 314.5% 650.5 (9)
0°(b) 360.1 318.4* 649.8 (10)
15° 246.2% 330.7 554.7 (13)

30° 141.8* 500.4 629.5 (11)

45° 61.3* 661.3 717.1 (7)

60° 32.7* 790.1 819.9 (5)

75° 3.2% 915.3 9182 (3)

90° 0* 956.5 956.5 (1)

* marks are multiplied by 0.91 when summed.
The figures in parentheses indicate the final rankings.
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VLT
Angle
10% 20% 30% 40%
-90° 0% 0% 0% 34.7%
-75° 6.7% 10.3% 29.3% 35.3%
-60° 41.3% 41% 35.3% 34%
-45° 72.3%%* 35.3% 35.3% 32.3%
-30° 40% 35.3% 34.7% 18.7%
-15° 25.7% 19% 14.3% 8.7%
0°(a) 6% 5.7% 4% 3%
0°(b) 4% 3.7% 3% 2.7%
15° 1% 1% 1% 1%
30° 1.3% 1% 1% 1%
45° 12% 10% 7% 4.3%
60° 33.3% 23% 19% 14%
75° 11.3% 16% 28.3% 21.7%
90° 0% 0% 0% 35%
* 1point

Table 6. Solar radiation analysis results (east facing)

Solar radiation for each side Sum of solar

Angle (KWh/m?®) radiation
Left Right (KWh/m?®)

-90° 613.2 0* 6132 (3)
-75° 667.1 1.6% 668.5 (1)
-60° 632.1 9.1% 6403 (2)
-45° 568.3 22.1% 588.4 (4)
-30° 479.5 41.4* 517.2 (6)
-15° 371.7 59.5% 4259 (9)
0°(a) 347.7 95.5% 434.6 (8)
0°(b) 3334 99.8* 424.3 (10)
15° 236.1 139* 362.6 (12)

30° 154.9* 210 351 (13)

45° 84.2% 303.5 380.1 (11)

60° 42.5% 413.6 4523 (7)

75° 5.4% 524.5 529.4 (5)

90° 0* 613.2 6132 (3)

* marks are multiplied by 0.91 when summed.
The figures in parentheses indicate the final rankings.

Zhe7h ~75° 9 v 668.5 kWh/mio] =, 7178 e ER QxjeE A
Ee 210 22 30° 4w 351 kWh/m’2 LrEPgteh. Wepe vs)
HYH O 2 o 60~T0%0] HY UAFS HAET 4 Qi A0 T

=AUt FH o] B UARES Table 6.7 2t

AFeE 9 2y dAFS TEH R FASHIS o, 53 A
37 B 2% -45° , VLT 10%7} 222 4 9loh. LEED
4.1 Daylight evaluation 1pointE &5 4 9lglon, 21 i
EW YAFEES 588 4 kWh/m?E SHelE] gl

< —{U
o ¢
Lo

lo



ez
Table 7. Daylight analysis results (west facing) = FHY Z -30° d "=, ouff ofHol thet B dARFS
e VLT 392.1 kWh/m?& VFebgrt}, A4HA © 2 ko] A5l SHof B3|
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90° 0% 0% 0% 163% ok HE T HjobR] 26 A8 A4o] Lo Aoz stelgh Al o]
75° 17% 2.7% 163% 40.7% He B3| £2E 24 o] BY AR Table 8.3 2},
-60° 27.3% 31.7% 37.3% 38.7% Aed 2 Bd AR FPH 0w BA5tAe i), A A}
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-15° 46.7% 43.3% 39.3% 34.3% @H = 001:1‘59] e ?__,_1/\]-% 592.8 kwh/m2% Qiﬁ}% 75%2}
0°(a) 69.7%* 67.3%* 59.3%* 51.3% -‘?—319] 7_‘1_5 60° VLT A0%= 751%6]-0:] 1p0ir1t% @1‘—3‘—6}@/\1
0°(b) 69.3%* 68.7%* 62.3%* 54.7% 7438 kWh/mz—E— @;lﬂl_ﬁ]-.—‘:— 7§—?—0]E]-_ OE”?_]'@ oz HJE%" EHOO]:;SX]
| R | T | o | o L VLTI 242 BEAgago] Soldt Bgo] 7uR,
o e | A il il VLT ZAue 582 vefste] o ded Bast oot
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90° 0% 0% 0% 16%
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-60° 484.3 42.8% 5232 (7) uro 2 g Aol A Wo] S8 E o U, T, NP
45° 354 87.1% 4333 (1) AFREZESW, Beo] 2, 20 VLT e RAE 9t £
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