ISSN 1738-3935 (Print)

New & Renewable Energy 2023. 12 Vol. 19, No. 4 ISSN 2713-9999 (Online)
https://doi.org/10.7849/ksnre.2023.0019

[2023—12—-PV-003]
M) Check for updates

OILIX| AR M 7|8t QIEHIRIS) 4%
= E

ENZHXIC| EE 7Isd B

Ax) | SIA
|6'r : °._|'6

ot

Seung—Ju Choe" - Seung—Hoon Han?"

Received 1 September 2023 Revised 25 September 2023 Accepted 9 October 2023 Published online 1 December 2023

ABSTRACT This study aimed to investigate the feasibility and potential applications of utilizing bifacial photovoltaic (PV) panels
from an architectural perspective. It also aimed to establish a foundational dataset for installation and operational guidelines for bifacial
PV panels through a comparative analysis of energy production performance with single PV panels. The research encompassed
several key steps, including a comprehensive literature review, calculation of solar surface radiation values, development of datasets
for bifacial and single PV energy production, and a performance comparison between both approaches. The results of the study show
that bifacial PV panels exhibit optimized energy production capabilities within the range of 40 to 80 degrees, contingent upon the
specific installation location. Consequently, it is recommended that the installation of bifacial PV panels in Korea should primarily
focus on southwest-to-west orientation. Furthermore, it was concluded that bifacial PV panels could contribute an equivalent or even
superior level of energy production compared to single PV panels, even if their performance exhibited a marginally lower efficiency of
2% to 5% with an 18% power generation efficiency.
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Table 1. Target region index
Region Seoul Gangneung | Gwangju Busan
Index A B C D
Region Daejeon Daegu Incheon Mokpo
Index E F G H
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Fig. 1. Temporal scope

Fig. 3. Detached distance analysis algorithm
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Table 2. Annual insolation of bifacial PV in region A to D
(Unit : kWh/m?)
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Table 4. Annual insolation of single PV in each region
(Unit : kWh/m?)

Angle Region Region A B C D
Type A B © D Insolation 1289 1386.42 | 14985 | 1540.07
0 1,113.26 1,171,46 1,238,10 1,225.65 Region o) I G H
10 1,120.26 | 1,184,58 | 1,253.63 | 1,244.38 Insolation | 146328 | 1424.48 | 138565 | 1437.91
20 1,124.00 | 119547 | 1,270.16 | 1,262.85
30 111797 | 1,195.26 | 127812 | 1,270.73 2 w3t BRI DA A] Z283F 34~38.9] Tilt Angle
40 1,124.32 | 1,207.55 | 1,305.01 | 1,295.38 ] 5 -
e — S e S A HRE 2g3to] 2[4 HA ol A 9] EAE 433
50 1,119.92 | 1,206.73 | 1,319.79 | 1,305.15 U 1 707} Table 49} 70| x|l ThANIA kAol
aple puieul Tl Tl
60 1,110,55 | 1,199.05 | 1,327.36 | 1,305.35 T F = o= = °
T 1.0 ] = 5 ==
70 | 110849 | 1,197.96 | 1.338.60 | 1,311.74 FRFFY DARF dlofElS e A=
80 1,103.75 | 1,193.12 | 1,341.63 | 1,310.91
90 1,088.90 | 1,175.77 | 1,827.10 | 1,293.59 3.3 A&
100 1,096.23 | 1,179.19 | 1,329.61 | 1,293.60 727 TAolA] oF ChEEEE gjekdR|e] o] Al
110 1,094.06 | 1,170.59 | 1,315.35 | 1,278.23 Ao | AEE 18] Blerax] TS AT HAr 2
120 1,090.62 | 1,159.29 | 1,294.28 | 1,257.39
AN jui] AL E [ KRy Sk
130 1,097.20 | 1,158.60 | 1,280.73 | 1,245.66 Tk g2, ARE LRS- ARl AR, ol
140 110149 | 1,157.45 | 1,264.15 | 1,233.07 e} Grasshopper Y& 5o F 539 &9
150 1,097.79 | 1,150.50 | 1,240.25 | 1,215.25 WA o od7t BHO9] QAjERS AREFTh oFHEEAE O
160 1,110,07 1,163.67 1,242.21 1,222.69 AL BAgarEel A-3 Qajef SRS AlElon
170 1,112.97 | 1,168.47 | 1,238.70 | 1,223.10 e _ o
— S S — SFHIP g2 2A A4S A8 Aol A el AHE
}—JL—EEOO] [P} 0/1\_]._;1‘1]
Table 3. Annual insolation of bifacial PV in region E to H mE = ]—O = E%E}

(Unit : kWh/m?) A YARF HlolE Y] =A1E v aS o, Fe A
Angle Region £ ke 0% 31 Asro] FHoR 170% 359 o
Type E F G H AJEF AFEZES AA710.29~3.03 kWh/m® 508 247

0 1,207.67 | 1,189.41 | 1,173.44 | 1,186.47 74S RIS 1 9 olul 2ol Holx] oburhy ThchEl
10 1,218.68 | 1,20317 | 1,187.20 | 1,199.89 O web A Ho]El HTHAS 71 Flo.2 Theken
‘—-Z 5 R < =7 .__E TI—__ il
20 1,227.79 | 1,216.00 | 1,198.11 | 1,215.50 : = ere= fhE s ’
= = O ke
30 122693 | 121875 | 1.198.64 | 1,293.47 olF 7IRteZ o 7] ket AlEs X
40 1,239.92 | 1,237.66 | 1,212.77 | 1,251.27
50 1,241.42 | 1,243.87 | 1,21576 | 1,267.19
60 1,236.81 | 1,242.29 | 1,212.94 | 1,276.71 4. 2LUAEF H|O|E] 7|Ht EJUTX| OfjLiX| AHARZF
70 1,238.68 | 1,244.45 | 1,215.30 | 1,290.15 ALE
| -
80 1,236.56 | 1,241,833 | 1,212.17 | 1,295.09
90 122192 | 1,224.43 | 119529 | 1,282.83 ol Tl A FHFY AAREF AlEY 0] =85t
100 1,226.79 | 1,227.19 | 1,197.67 | 1,286.40 oFmulA] gjoFAz|o] H-5w TH Al Ak} char
110 1,219.18 | 1,21658 | 1,187.48 | 1,273.39 A HloFAR] 0] AH AARS AREFT) o] suko R o
120 1,208.36 | 1,202.21 | 1,174.32 | 1,253.29 Y 7] EORE A o X] AARE ZAALS e8] oF ok
130 1,206.78 | 1,196.95 | 117125 | 1,240.13 R, MRS A
A 1578 kO o= A
140 1,203.57 | 1,190.44 | 1,167.38 | 1,223.06 AR HFA] 2F oA TS ARSI, eluiA]
= O = O =
150 | 119355 | 1.177.85 | L157.04 | 1,197.43 AR Ak 3.1 oA AAE aest as 1
160 120398 | 1,186.63 | 1,167.77 | 1,196.37 m’'g A% FHFY YAFS 23t
170 1,206.16 | 1,187.85 | 1,170.66 | 1,189.50 CHHEFAE gjokAR| Q] U] AL glolEl: 18%9]
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Table 5. Single PV energy production matrix of each region

160 | 1776,12 | 1953.73 | 2131.34 | 2308.95 | 2486.56 | 2664.18

170 | 1780.76 | 1958.83 | 2136.91 | 2314.98 | 2493.06 | 2671.13

(Unit : kKWh)
Region A B C D
Generated Energy | 2320.2 | 2495.55 | 269729 | 277213
Region E F G H
Generated Energy | 2633.91 | 2564,07 | 2494.16 | 2588.24
o]} TA| FHIHY eI o AA] Bibde JF
& uj/HsE 2 83}o] Table 6~137} o] x| ok
A7) oA A WiERAS ST 5 viEE

& Hlole 3 WHEE 15% %f%‘% oA BAtEE Bl
7|Z20 2 AAF] ii}

e AS(A)Z 40%= l oA Jﬂqi}ﬂ ofufA] Arto]
7Fs3lH 10~50% W7F ALY e A Aol 4
o Ao ek, ojof mEk A 2|92 Aol W
Aol AR vk A5 TR BFIA &
Foll At A= Aoz Lep.

Table 6. Bifacial PV energy production matrix of region A
(Unit : kKWh)

7 AS|(B) B 401 £30] ou1X] Abato] HAslel
2R eyt L} BT 40~T0%R ALE thul A
A9 A 7T Bk olo] uteh 5 dAoIA A
Ao P B HX7 Bash B4
A1} mEEo

Table 7. Bifacial PV energy production matrix of region B
(Unit : kKWh)

Angle Solar Cell Efficiency (%)

Type 10 1 12 13 14 15

0 |1874,33 | 2061.76 | 2249,20 | 2436.63 | 2624.06 | 2811,50

10 | 1895.32 | 2084.86 | 2274.39 | 2463.92 | 2653.45 | 2842.99

20 [1912.76 | 2104,03 | 2295.31 | 2486.58 | 2677.86 | 2869.14

30 | 1912.42 | 2103.66 | 2294.90 | 2486.14 | 2677.38 | 2868.62

40 |1932.08 | 2125.28 | 2318.49 | 2511,70 | 2704.91 | 289812

50 |1930.77 | 2123.85 | 2316.93 | 2510.00 | 2703.08 | 2896.16

60 |[1918,49 | 2110.34 | 2302.19 | 2494.03 | 2685.88 | 2877.73

70 | 1916.74 | 2108.41 | 2300.08 | 2491.76 | 2683.43 | 2875.10

80 [1908.99 | 2099.89 | 2290.79 | 2481.69 | 2672.59 | 2863.49

90 | 1881,24 | 2069.36 | 2257.48 | 2445,61 | 2633.73 | 2821.85

100 |1886.70 | 2075.37 | 2264.04 | 2452.71 | 2641.38 | 2830.05

110 |1872,94 | 2060.23 | 2247.53 | 243482 | 2622.11 | 2809.41

120 | 1854.86 | 2040.35| 2225.84 | 2411.32 | 2596.81 | 2782.30

Angle Solar Cell Efficiency (%)

130 |1853.76 | 2039.13 | 222451 | 2409,88 | 2595.26 | 2780.63

Type 10 1 12 13 14 15

140 | 1851.91 | 2037.11 | 222230 | 2407.49 | 2592.68 | 2777 87

0 | 1781.21 | 1959.33 | 2137.45 | 2315.57 | 2493.69 | 2671.82

150 | 1840.80 | 2024.88 | 2208,96 | 2393.04 | 2577 12 | 2761.20

10 | 1792.41 | 1971.65 | 2150.89 | 2330.13 | 2509, 37 | 2688.62

160 | 1861.87 |2048.06 | 2234.24 | 2420.43 | 2606.62 | 2792.80

20 | 1798.39 | 1978.23 | 2158.07 | 2337.91 | 2517.75 | 2697.59

170 | 1869.55 | 2056.51 | 2243.46 | 2430.42 | 2617 37 | 2804, 33

30 | 1788.75 | 1967.62 | 2146.50 | 2325.37 | 2504.25 | 2683.12

40 | 179891 | 1978,80 | 2158,69 | 2338,58 | 2518,47 | 269836

50 | 1791.88 | 1971.06 | 2150.25 | 2329.44 | 2508.63 | 2687.81

60 | 1776.87 | 1954.56 | 2132.25 | 2309.94 | 2487.62 | 2665.31

70 | 1773.58 | 1950.94 | 2128,30 | 2305.66 | 2483.01 | 2660.37

80 |1766.00 | 1942.60 | 2119.20 | 2295.80 | 2472.40 | 2649.00

90 | 1742.24 | 1916.46 | 2090.68 | 2264.91 | 2439.13 | 2613.36

100 | 1753.97 | 1929,36 | 2104.76 | 2280.16 | 2455,55 | 2630.95

B AY9(0) 9] A AA 7= 0= LERGon
FL 70~100% 2 ejoFdx]e] AHo] YsolA FATRS
vt w5 AX|E 2 g7} Qs E4943F =& Q)

Table 8. Bifacial PV energy production matrix of region C
(Unit : kKWh)

110 | 1750.50 | 1925.55 | 2100,60 | 227565 | 2450,70 | 2625,75

120 | 1744.99 | 1919.49 | 2093.99 | 2268.49 | 244299 | 2617.49

Angle Solar Cell Efficiency (%)

Type 10 1 12 13 14 15

0 |1,980.95(2,179.05 | 2.377.14 | 2,575.24 | 2,773.34 | 2,971.43

130 | 1755.52 | 1931.07 | 2106.62 | 228217 | 2457.72 | 2633.27

10 {2,005.812,206.39 | 2,406.98 | 2,607.56 | 2,808.14 | 3,008.72

140 | 1762.38 | 1938.62 | 2114 86 | 2291.10 | 2467.34 | 2643.58

20 (2,032,251 2,235.47|2,438.70| 2,641.92 | 2,845.15 | 3,048,37

150 | 1756.46 | 1932.10 | 2107.75 | 2283.39 | 2459.04 | 2634.68

30 |2,045,00(2,249.50|2,454.00 | 2,658.50 | 2,863.00 | 3,067.50

90 Al-xofAX|
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40 [2,088.01(2,296.81 | 2,505.61 | 2,714.41 | 2,923.22 | 3,132.02

50 | 2,111.66 | 2,322.83(2,534.00| 2,745.16 | 2,956.33 | 3,167.49

60 |2,123.772,336.15 | 2,548.53 | 2,760,91 | 2,973,28 | 3,185.66

70 | 2,141,77 | 2,355.94 | 2,570.12 | 2,784,301 2,998.47 | 3,212.65

80 |2,146.60 | 2,361.26 | 2,575.92 | 2,790.58 | 3,005.24 | 3,219.90

90 | 2,123,36 |2,335.70 | 2,548,03 | 2,760.37 | 2,972,71 | 3,185,04

100 | 2,127.38 | 2,340.12 | 2,552.85 | 2,765.59 | 2,978 33 | 3,191.07

110 |2,104.56 | 2,315.02 | 2,525.47| 2,735.93 | 2,946.39 | 3,156.84

120 |2,070.842,277.93 | 2,485.01 | 2,692.10 | 2,899.18 | 3,106,27
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Table 10, Bifacial PV energy production matrix of region E
(Unit : kWh)

130 |2,049.17 | 2,254.09|2,459.00 | 2,663.92 | 2,868.84 | 3,073.75

140 |2,022.64|2,224.90 | 2,427.17 | 2,629.43 | 2,831.70 | 3,033.96

Angle Solar Cell Efficiency (%)

Type 10 1 12 13 14 15

150 |1,984.39 |2,182.83 | 2,381.27 | 2,579.71 | 2,778.15 | 2,976.59

0 [1932.28 | 2125.50 | 2318,73 | 2511,96 | 270519 | 2898 41

160 |1,987.53 | 2,186.29 | 2,385.04 | 2,583.79 | 2,782.55 | 2,981.30

10 | 1949.88 | 214487 | 2339.86 | 2034.85 | 2729.84 | 2924.82

170 |1,981.92 | 2,180.11 | 2,378.30 | 2,576.49 | 2,774.69 | 2,972.88

20 [1964.46 | 2160,90 | 2357.35 | 2553.79 | 2750.24 | 2946.69

FAF A (D) Egh 2 A AA)ZH=7F 70§ Ao
gletE| gl ot MR 50~70 22 723 ufR7 IR 2 YA
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Table 9. Bifacial PV energy production matrix of region D

30 | 1961,97 | 2158,17 | 2354.37 | 2550, 56 | 2746.76 | 2942.96

40 [1983.87 | 2182.25 | 2380.64 | 2579.03 | 2777 41 | 2975.80

50 [1986.27 | 2184,90 | 2383,53 | 25682.16 | 2780,78 | 2979.41

60 |1978.90 | 2176.79 | 2374.68 | 2572.57 | 2770.45 | 296834

70 | 1981.89 | 2180.08 | 2378.27 | 2576.46 | 2774.65 | 2972.84

80 [1978.50 | 2176.35 | 2374.20 | 2572.05 | 2769.90 | 2967.75

90 [1953.95 | 2149.35 | 2344.74 | 2540.14 | 2735.53 | 2930.93

100 |1962.87 | 2159.15 | 2355.44 | 2551,72 | 2748.01 | 2944.30

110 |1950.68 | 2145.75 | 2340.82 | 25635.89 | 2730.96 | 2926.03

(Unit = kWh) 120 |1933.38 | 2126.71 | 2320.05 | 2513.39 | 2706.73 | 2900.06
Angle Solar Cell Efficiency (%) 130 |1930.85 | 2123.94 | 2317.02 | 2510.11 | 2703.19 | 2896.28
Type | 10 1 12 13 14 15 140 |1925.72 | 211829 | 2310 86 | 2503.44 | 2696.01 | 2883 58

0 |1961,04 | 215715 | 2353.25 | 2549.36 | 2745.46 | 2941,57

10 | 1991.00 | 2190,10 | 2389.20 | 2588,30 | 2787.40 | 2986, 50

150 | 1909.68 | 2100.64 | 2291.61 | 2482.58 | 2673.55 | 2864.51

20 ]2020.56 | 2222.62 | 2424.67 | 2626.73 | 2828.78 | 3030,84

160 |1926,36 | 2119.00 | 2311,63 | 2504,27 | 269691 | 2889, 54

30 |2033.16 | 2236.48 | 2439.79 | 2643.11 | 2846.43 | 3049.74

170 11929,86 | 2122.85 | 2315,83 | 2508,82 | 2701,80 | 2894.,79

40 | 2072.60 | 2279.86 | 2487.12 | 2694.38 | 2901.64 | 3108.90

o0 |2088.24 |2297.07|2505.89 | 2714,72 | 2923.54 | 3132.36

60 | 2088.56 | 2297.42 | 2506.27 | 2715,13 | 2923,99 | 3132.84

70 |2098.78 | 2308,66 | 2518,53 | 272841 | 293829 | 3148,17

80 |2097.45|2307.20 | 2516.94 | 2726.69 | 2936.43 | 3146.18

90 | 2069.75 | 2276.72 | 2483.70 | 2690,67 | 2897.65 | 3104,62

100 | 2069.75 | 2276.73 | 2483.70 | 2690.68 | 2897.65 | 3104,63

110 | 2045.17 | 2249.68 | 2454.20 | 2658.72 | 2863.23 | 3067.75

120 | 2011.82 | 2213.00 | 241418 | 2615.36 | 2816.54 | 3017.73

130 |1993.06 | 2192.36 | 2391.67 | 2590.97 | 2790.28 | 2989.59
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Table 11, Bifacial PV energy production matrix of region F
(Unit : kKWh)

140 | 1972.92 | 2170.21 | 2367.50 | 2564.79 | 2762.08 | 2959, 38

Angle Solar Cell Efficiency (%)

Type | 10 1 12 13 14 15

150 |1944.40 | 2138.84 | 2333.28 | 2527.72 | 2722.16 | 2916.60

0 [1903.06 | 2093.37 | 2283.68 | 2473.98 | 2664.29 | 2854.59

160 |1956.30 | 2151,93 | 2347.56 | 2543.19 | 2738.82 | 2934.45

10 | 1925.08 | 2117.59 | 2310.09 | 2502.60 | 2695.11 | 2887.62

170 | 1956.96 | 2152.65 | 2348.35 | 2544.05 | 2739.74 | 2935.44

20 [1945.59 | 2140.15 | 2334.71 | 2529.27 | 2723,83 | 2918.39
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30 |1950.00 | 2145.00 |2340,00| 2535.00 | 2730.00 | 2925.00 npxjeto 2 =32 X|H(H) 9] 2 dx|4E, A=
40 |1980.25 | 2178.28 | 2376.30 | 2574.33 | 2772.35 | 2970.38 717 80, WZEL T0~100% 8 UEpdth Ak Aals 7}
50 |1990.20 | 2189.22 | 2388.24 | 2587.26 | 2786.28 | 298530 2 Fh7he AJefol Ymol Eolahn] o]of whe o] ofu
60 |1987.67 | 2186.43 | 2385.20 | 2583.97 | 2782.73 | 2981.50 S Mx]L o] SO A kS Sl
70 | 1991,12 | 2190,23 | 238934 | 2588, 45 | 2787.56 | 298667

80 |1986.12 | 2184.74 | 2383.35 | 2581.96 | 278057 | 2979.19 = old= 7H Ao werE gl

90 |1959.08 | 2154.99 | 2350,90 | 254681 | 2742,71 | 2938.62

100 | 1963.51 | 2159.86 | 2356,21 | 2552,56 | 274891 | 2945,26 Table 13. Bifacial PV energy production matrix of region H
110 | 1946.53 | 2141.19 | 2335.84 | 2530,49 | 2725.15 | 291980 (Unit = kWh)

120 |1923.54 | 211590 | 2308.25 | 2500.61 | 2692.96 | 2885.31 Angle Solar Cell Efficiency (%)

130 | 1915.13 | 2106.64 | 229815 | 2489.66 | 2681.18 | 2872.69 Type | 10 1 12 13 14 15
140 | 1904.70 | 209517 | 2285.64 | 247611 | 2666.58 | 2857.05 0 |1898.35 | 2088.19 | 2278.02 | 2467.86 | 2657.69 | 2847.53
150 |1884.57 | 2073,02 | 2261.48 | 2449.94 | 2638.39 | 2826.85 10 |1919.82 | 2111.81 | 2303.79 | 249577 | 2687.75 | 2879.74
160 | 1898,60 | 2088,46 | 2278, 32 | 246818 | 2658,04 | 284790 20 [1944.80 | 2139.28 | 2333.76 | 2528.24 | 2722.73 | 2917.21
170 190056 | 209062 | 228068 | 2470,73 | 266079 | 2850.85 30 |1957.55 | 2153.31 | 2349.06 | 2544.82 | 2740.58 | 2036.33

40 [2002,03|2202.24 | 240244 | 260264 | 2802.85 | 300305
Q18 AJeI(G)2] A AAZHEL 50 B 40~80 50 |2027.51|2230,26| 2433.01 | 2635.77 | 2838.52 | 3041,27
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Table 12, Bifacial PV energy production matrix of region G

(Unit :

kWh)

60 [2042.74|2247.02 | 2451.29 | 2655.57 | 2859,84 | 3064.11

70 |2064.23 | 2270.66 | 2477.08 | 2683.51 | 2889.93 | 3096.35

80 |2072.15|2279.36 | 2486.58 | 2693.79 | 2901.01 | 3108, 22

90 |2052,53 | 2257.78 | 2463.03 | 2668.29 | 2873,54 | 3078.79

100 [2058.24 | 2264.07 | 2469.89 | 2675.71 | 2881.54 | 3087.36

110 |2037.42 | 2241.16 | 244490 | 2648.64 | 2852.38 | 3056.13

120 | 20095.27 | 2205.80 | 2406, 33 | 2606.85 | 2807.38 | 300791

130 |1984,20 | 2182.62 | 2381,04 | 2579.47 | 2777.89 | 2976.31

Angle
Type

Solar Cell Efficiency (%)

140 [1956.90 | 2152.59 | 2348.28 | 2543.97 | 2739.66 | 2935.35

10

1

12

13

14

15

150 | 1915.88 | 2107.47 | 2299.06 | 2490.65 | 2682, 23 | 2873,82

0

1877.50

206525

2253.00

2440.75

2628.50

2816.25

160 | 1914,20 | 2105.62 | 2297.04 | 2488,46 | 2679.88 | 2871.30

10

1899.51

2089.46

2279 41

2469 37

2659.32

2849.27

170 | 1903.20 | 2093.52 | 2283.84 | 2474.16 | 2664.48 | 2854.80

20

1916.98

2108,68

2300, 38

2492.07

2683.77

2875,47

30

1917.82

2109.60

2301.38

2493.16

2684.94

2876.73

40

1940.43

2134.47

2328.51

2522.55

21716.60

2910,64

50

1945,22

2139.74

2334.26

2528,79

2723.31

2917.83

60

1940.71

2134.78

2328.85

2522.92

2716.99

2911.06

70

1944 .47

2138.92

2333.37

252781

2722.26

2916.71

80

1939.48

2133.43

2327.37

2521.32

271527

2909.22

90

191247

2103.72

2294.96

2486.21

2677.46

2868,70

100

1916.27

2107.90

2299 .52

2491.15

2682.78

2874.40

110

1899,96

2089,96

2279.95

2469.95

26959,94

2849.94

120

1878.91

2066.80

225470

244259

2630.48

2818.37

130

1874,00

2061.40

2248.80

2436.20

2623.60

2811.00

140

1867.81

2054.59

224137

2428.15

2614.93

2801.71

150

1851.27

2036.39

222152

240665

2591.77

2776,90

160

1868.43

2055.28

224212

2428 .97

2615.81

2802.65

170

1873.06

2060, 36

2247.67

2434.97

2622.28

2809,59
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Fig. 6. Generated PV energy of efficiency 15% type
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Table 14, Energy balance matrix between single & bifacial
PV in region A (Unit : kWh)

OLIX] AAHS A 7 [t YIRS 4] efsRixlel #8 sy H

O L-O

100 |—566.23|—390.84 | —215.44| —40.04 | 135,35 | 310.75

110 |—569.70|—394.65| —219.60 | —44.55 | 130.50 | 305.55

120 | —575.21|—400.71|—226.21| —51.71 | 122,79 | 297.29

130 |—564.68|—389.13| —213.58 | —38.03 | 137.52 | 313.07

140 |—557.82|—381.58 |—205.34| —29.10 | 14714 | 323.38

150 |—563.74|—388.10| —212.45| —36.81 | 133.84 | 314.48

160 |—544.08|—366.47|—188.86| —11.25 | 166.36 | 343.98

170 |—539.44|—361.37|—183.29| —5.22 | 172.86 | 350.93

HI &2 715 A9 (B)ollxti= 2822 AA= S 40~70
T oA ZF2F —1.52, —5.79 kWho] A7k o =] AJAF
F 7]o) = Zpo]7} Gt ofof whet AA| 2| &7t i
T 40, 50 Fojgofof & Ao g T|ekE:

Table 15. Energy balance matrix between single & bifacial
PV in region B (Unit : kWh)

Angle Solar Cell Efficiency (%)
Type 10 1 12 13 14 15

0 |—-621.22|—-433.79|—246.35| —58.92 | 128,51 | 315.95

10 |—600.23|—410.69 | —221.16 | —31.63 | 157.90 | 347 44

20 |—582.79|—391.52|-200.24| —8.97 | 182,31 | 373.59

30 |—583.13|—391.89|—-200.65| —9.41 | 181,83 | 373.07

40 |—563.47|—-370.27|-177.06| 16.15 | 209.36 | 402.57

o0 |—564.78|—371.70| 178,62 | 14.45 | 207.53 | 400.61

60 |[—577.06|—385.21|-193.36| —1.52 | 190.33 | 382.18

70 | —578,81|—387.14|-195.47| —3.79 | 187.88 | 379.55

80 |—586.56|—395.66|-204.76| —13.86 | 177.04 | 367.94

90 |—614,31|—-426.19|—238.07| —49.94 | 138.18 | 326.30

100 |—608.85|—420.18 | —231.51 | —42.84 | 145.83 | 334.50

110 |—622.61|—435.32|—248.02| —60.73 | 126.56 | 313.86

Angle Solar Cell Efficiency (%)

120 |—640,69|—455.20| —269,71 | —84.23 | 101.26 | 286.75

Type 10 1" 12 13 14 15

0 |—538,99|—-360.87|—-182.75| —4.63 | 173,49 | 351.62

10 | —527.79|—348.55| —169.31| 9.93 | 189,17 | 368.42

20 | —521.81|—341.97|-162.13| 17.71 | 197.55 | 377.39

30 | —531.45|—-352.58|-173.70| 5.17 | 184.05 | 362.92

40 | —521.29|—-341.40| —161.51 | 18,38 | 19827 | 378.16

o0 |—528.32|—349.14|-169.95| 9.24 | 188.43 | 367.61

60 |—543.33|—365.64|—187.95| —10.26 | 167.42 | 345.11

70 |—546.62|—369.26| —191.90 | —14.54 | 162.81 | 340.17

80 |—554.20|—377.60|—201.00| —24.40 | 152.20 | 328.80

90 | —577.96|—-403.74|-229.52| —55.29 | 118.93 | 293.16

130 | —641.79|—456.42|—271,04 | —85.67 | 99.71 | 285.08
140 |—643.64|—458,44|—-273.25| —88,06 | 97.13 | 282,32
150 |—654,75|—470.67|—286.59| —102,51 | 81.57 | 265.65
160 |—633.68|—447.49| —261.31| —=75,12 | 111,07 | 297.25
170 |—626,00|—439.04|-252.09| —65.13 | 121,82 | 308,78

tho2 FF A Y(0)L 13% LHAE FollA] 7]E0]
AXEAE 70~10052] WS Fo] 40~60% HFA
= o] AAbgo] ekl o] ok B An} £
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Table 16. Energy balance matrix between single & bifacial
PV in region C (Unit : kWh)

100 |—702.38|—495,40|—288.43| —81.45 | 125,52 | 332.50

Angle Solar Cell Efficiency (%)

110 |-726.96|—522,45| 317,93 | —113.41 | 91.10 | 295.62

Type 10 1 12 13 14 15

120 | —760.31|—559.13|—357.95| —156.77| 44.41 | 245.60

0 |-716.34|—-518.24|—320.15| —-122.05| 76.05 | 274.14

130 |—779.07|—-579.77|—380.46| —181.16 | 18,15 | 217 46

10 | —691.48|—-490.90|—290.31| —89.73 | 110.85 | 311.43

140 |—-799.21|-601,92|—404,63|—207.34| —10.05 | 187.25

20 |—665.04|—461.82|—258,59| —55.37 | 147.86 | 351.08

150 |—827.73|—633.29|—438.85|—244.41| —49.97 | 144.47

30 | —652.29|—447.79|-243.29| —38.79 | 165.71 | 370.21

160 | —815.83 |—620.20|—424.57|—228.94| —33.31 | 162.32

40 |—609.28|—-400.48| —191.68 | 17.12 | 225.93 | 434.73

170 | —815.17 | —619.48 | —423.78 | —228.08 | —32.39 | 163.31

50 |—585.63|—374.46|—163.29| 47.87 | 259.04 | 470,20

60 |—573.52|—361.14 | —148.76| 63.62 | 275.99 | 488.37

70 |—555.52|—341.35| —-127.17| 87.01 | 301.18 | 515.36

80 |—550.69|—336.03| —121.37 | 93.29 | 307.95 | 522.61

90 |—573.93| —361.59 | —149.26| 63.08 | 275.42 | 487.75

100 | —569.91| —357.17|—144.44| 68.30 | 281,04 | 493.78

110 |—592,73|—382.27| —171,82| 38,64 | 249.10 | 459.55

120 |—626.45|—419.36 | —212.28| —5.19 | 201.89 | 408,98

130 | —648,12|—443,20|—-238,29| —33.37 | 171,55 | 376.46

140 |—674.65|—472.39|—270.12| —67.86 | 134.41 | 336.67

ol AIS(E)-E 75 Lhetete ofux] Al 7]olE
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Aol rofulat daFele ) e Alow ek
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Table 18. Energy balance matrix between single & bifacial
PV in region E (Unit : kWh)

150 | —712,90 | —514.46|—316.02 | —117.58 | 80.86 | 279.30

160 |—709.76|—511.00 | —312,25| —113.50 | 85.26 | 284.01

Angle Solar Cell Efficiency (%)

Type 10 1 12 13 14 15

170 | —715.37 | —517.18 | —318,99 | —120.80| 77.40 | 275.59

0 |-701.63|—508.41| —315,18 | —121.95 | 71,28 | 264.50

B 2] (D)2 WHEE 13% LA A HgFo] oFA
WAE PR o] YA 7ol = Sk e E
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7P ol Aol AT B A 2go] Bl A<
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Table 17. Energy balance matrix between single & bifacial
PV in region D (Unit : kWh)

10 |—684.03|—489.04|—294.05| —99.06 | 95.93 | 290,91

20 |—669.45|—473.01|—276,56| —80.12 | 116,33 | 312,78

30 | —671,94|-475.74|-279.54| —83.35 | 112.85 | 309.05

40 |—650.04|—451.66 | —253.27| —54.88 | 143.50 | 341.89

o0 |—647.64|—-449.01|—250.38| —51.75 | 146.87 | 345.50

60 |—655.01|—457.12|—259.23| —61.34 | 136.54 | 334.43

70 |—652.02|—453,83|—255.64| —57.45 | 140,74 | 338.93

80 |—655.41|—457.56|—259.71| —61,.86 | 135.99 | 333.84

90 |—679.96|—484.56|—289.17| —93.77 | 101,62 | 297.02

100 |—671,04 |—474.76|—278,47| —82.19 | 114,10 | 310,39

Angle Solar Cell Efficiency (%)

110 |—683.23|—488.16 | —293.09| —98.02 | 97.05 | 292,12

Type | 10 11 12 13 14 15

120 |—=700.53|—507.20| —313.86 | —120.52| 72.82 | 266.15

0 | —811.09|—614,98 | —418.88 | —222,77| —26.67 | 169,44

130 |—703.06|—509.97| —316.89 | —123.80| 69.28 | 262 37

10 | —781.13|—582.03|—382.93| —183.83 | 15,27 | 214,37

140 |-708.19 | —515.62 | —323.05| 130,47 | 62.10 | 254.67

20 | 751,57 | —549.51|—347.46| —145.40| 56.65 | 258,71

150 |—724.23|—533.27|—342.30| —151.33 | 39.64 | 230.60

30 | —738,97|-535.65|—332.34|—129.02| 74.30 | 277.61

160 |—707.55| —514.91|—322.28 | —129.64| 63.00 | 255.63

40 |—699.53|—492.27|-285,01| —=77.75 | 129,51 | 336,77

170 |-704.05| —511.06 | —318,08 | —125.09 | 67.89 | 260,88

50 |—683.89|—475.06|—-266.24| —57.41 | 151,41 | 360.23

60 |—683.57|—474.71|-265.86| —57.00 | 151.86 | 360.71

70 |—673.35|—463.47|—-253.60| —43.72 | 166.16 | 376.04

80 |—674.68|—-464.93|—255.19| —45.44 | 164,30 | 374.05

90 |—702.38|—495.41|-2838.43| —81.46 | 125,52 | 332,49
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OLIX] AAHS A 7 [t YIRS 4] efsRixlel #8 sy H
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UM el glom Aufrog = AL 47 of|A 120 | —615.25 | —427.36|—-239.46| —51.57 | 136.32 | 324.21
AN E HAZFE AL o) 2[5k FHEEd glokA ] 130 | —620.16 | -432.76|-245.36 | —57.96 | 129.44 | 316.84
o] Bha0] 7R3t 7]elo]o] BholE] i) 140 |—626.35|—439.57|-252.79| —66.01 | 120,77 | 307.55

150 |—642.89|—457.77|-272.64| —87.51 | 97.61 | 282.74
160 |—625,73|—438.88|-252.04| —65.19 | 121,65 | 308.49

Table 19. Energy balance matrix between single & bifacial

PV in region F (Unit : kWh) 170 | —621.10 | -433.80|—246.49| —59.19 | 128.12 | 315.43

Angle Solar Cell Efficiency (%)

Type | 10 11 12 13 14 15 npR[ebo 2 B3 X (H)2 F5et oA FHH =
0 |-661.01|-470,70|-280,39| —90.09 | 100,22 | 290,52 2] €] oﬂq 2] AAF 7] w7} HA7hE MR YolFl
10 |—638,99|-446.48|—-253.98| —61.47 | 131,04 | 323,55 dog Bagrl Exz|do 7 Az 70~100%
20 |—618,48|—-423.92|—229.36| —34.80 | 159.76 | 354.32 z I%E]' l,} /“7\1] oﬂ],ﬂx] Aﬂ}\]—H H]JJ__E_ EJ3 HT“‘:‘“_/S‘]Q— 7(:)1

30 | —614.07|—-419.07 |-224,07| —29.07 | 165,93 | 360.93

3 z)elo] HF MxZEls 40~10052 B} Yo
40 |-583.82|—385.79| -187.77| 10,26 | 20828 | 406.31 o 2|18 241 A= 4

50 |—573.87|—374.85|—-175.83| 23.19 | 222,21 | 421.23 el A HeHA Egol 7hs sl

60 |—576.40|—377.64|—-178.87| 19,90 | 218,66 | 417.43

70 | —572.95|—373.84| 174,73 | 24.38 | 223.49 | 422.60 Table 21, Energy balance matrix between single & bifacial
PV in region H (Unit : kWh)

80 |—-577.95|-879.33| —180.72| 17.89 | 216.50 | 415.12

90 | —604.99|-409.08| —213.17 | —17.26 | 178.64 | 374.55 Angle Solar Cell Efficiency (%)

&
100 |—600.56|—404.21|-207 86| —11.51 | 134.84 | 881.19 ype| 10 i 12 13 14 15

110 | -617.54 | -422.88] —228 23| —33.58 | 161.08 | 355.73 0 |7689.89]-500.05/=310,22| ~120.38| 69.45 | 259.29

120 |—640 53| —448.17|—955.82| —63.46 | 128.89 | 321.94 10 |~668.42| ~476.43| ~284.45| —92.47 | 99,51 | 291.50

130 |—648.94|—457.43|-265.92| —74.41 | 117.11 | 308.62 20 |~643.44]7448.96|~254.48| ~60.00 | 134.49 | 328,97

140 |-659,37|-468,90|-278.43| —87.96 | 102,51 | 292,98 30 |7630.69]7434.93| 7239.18 | ~43.42 | 152.34 | 348,09

40 |—586.21|—-386.00|—-185.80| 14.40 | 214.61 | 414.81

150 |—679.50|—491.05|-302.59| —114.13 | 74.32 | 262.78

50 |—560.73|—357.98|—155.23 | 47.53 | 250.28 | 453.03

160 | —665.47 | —475.61|—285.75| —95.89 | 93.97 | 283.83

60 |—545.50|—341.22|-136.95| 67.33 | 271.60 | 475.87

170 | —663.51 | —473.45|—283.39| —93.34 | 96.72 | 286.78

70 |—524,01|—317.58| —111.16 | 95.27 | 301.69 | 508.11
80 |—516.09|—-308.88|—101,66 | 105.55 | 312,77 | 519,98

Table 20. Energy balance matrix between single & bifacial _ _ .
PV in region G (Unit : KWh) 90 535,71 —330,46| 125,21 | 80,05 | 285,30 | 490,55

100 |—530.00|—324.17| —118,35 | 87.47 | 293.30 | 499.12

Angle Solar Cell Efficiency (%) 110 |-550.82|-347.08| -143.34| 60.40 | 264.14 | 467.89

Type
ype| 10 L 2 1 L i 120 |-582.97|-382.44] —181.91| 18.61 | 219.14 | 419.67

0 | ~616.66] ~428.91| ~241.16| =53.41 | 134.34 | 322.09 130 |-604.04|-405.62|-207.20| -8.77 | 189.65 | 388.07

10 |=594.65|7404.70| -214.75| —24.79 | 165.16 | 355.11 140 | -631.34|-435.65|-239.96| —44.27 | 151.42 | 347.11

20 |~577.18|-385.48| ~193.78) —2.09 | 189.61 | 38131 150 |—-672.36|-480.77| —289.18| —-97.59 | 93.99 | 285.58
30 |7576.34|~384.56| ~192.78| —100 | 190.78 | 382,57 160 |-674.04|—482.62|—291.20| —99.78 | 9164 | 283.06
40 | 7953.73|7359.69| ~165.65| 28.39 | 222.44 | 416.48 170 |-685.04|—494.72|-304,40| 114,08 | 76.24 | 266.56

50 |—548.94|—354.42|-159.90| 34.63 | 229.15 | 423,67

60 |—553.45|—359.38| —165.31| 28,76 | 222.83 | 416.90

Z] o3 ok% iui] E}Eﬁupﬁ Obﬂx o) Hx }\H/}_]—/d H

70 |—549.69|—-355.24|-160.79| 33.65 | 22810 | 422,55 e = 4 Y 1] oA _o g v

80 |—554.68|-360.73|-166.79| 27.16 | 221,11 | 415,06 A él}’ Zﬂ/\]% Fig, 7 ZEPO] —]?U‘\l—% Aleiet 774 A
=]

90 | —581.69|—390.44|-199.20| —7.95 | 183.30 | 374.54

110 | —594.20|—-404.20| —214.21 | —24.21 | 165.78 | 355.78

[ex]
-

100 |-577.89|-386.26| -194.64| -3.01 | 188.62 | 380,24 ofFmulA o] rﬂ A q}u] oﬂﬁx] A}j/& 71 =7} Oﬁﬂu}
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