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Abstract

TThe Seoul Metropolitan Government announced a comprehensive plan for “Solar City,
Seoul,” which is aimed at IGW of power for 1 million households by 2022. Subsidies for the
installation of BIPV(Building Integrated Photovoltaic Systems) in private buildings were
expanded in 2020. It is therefore necessary to consider the building-integrated photovoltaic
performance to harmonize with urban landscapes using renewable energy sources to realize
zero-energy buildings. A field experiment was conducted to investigate the conditions of the
BIPV, and the performance impact factors were analyzed. The results showed that the general
glass, BIPV intermediate space, and internal surface of the BIPV temperature increased when
insulation was added to the BIPV back panel in the spandrel part. The temperature increase in
the Spandrel part is mainly caused by solar radiation, and the intermediate space temperature of
the general glass rises higher than that of the BIPV module installation. The performance of the
BIPV system was evaluated through a simulation. The simulation results showed that the
temperature of the solar cell during BIPV generation depended on the energy balance of the
effective solar radiation and ambient temperature. In the future, a comprehensive review of the
module and material performances, such as the power generation and efficiency, will be
required based on experimental verification.

Keywords: 7124 A & e 3 A] A~ El(Building Integrated Photovoltaics), A 2L X A=
= (Zero Energy Building), A1 A o] ] 2] (Renewable energy), B %327 (PhotoVoltaic)

Journal of the Korean Solar Energy Society Vol. 41, No. 1, 2021 69



el ] =2l

TLME

AE2 TASH5 2] A, A Alofo = k) 7haet Al Ao 27 AljtE] o] Qlek. whebA] 20208714
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Bold o2 X7} slo] & ATl AAE 7Fs et A elorl o, At Al2l4 o2 {1345kl Table 1
o ehd Hiel Zol 713 S OﬂHE AR He e 2 B AR Azgpio g vHstary.

BIPV & 9% AtE ] ATMEH(spandrel) F-2o 274 AE|E(c—si) ZEC] F 58707F 2] =o] 9le
o, BE0] 97| 1.034 n?, A2 82 116 Wp, VMPP &= 14.2V, IMPP:=8.17 A(FZAIRAZA(STO), YA
2F = 1000 W/m?, th7]14sF85= = 1.5 G, HIFARIE = 250), BE 852 6.728 kW & 11 kW3 eIHE o]
AAH Al2glo 2 FAEo] I, B 5] BIPVE] dhdare 194 1190] Bhake 263 kWh/montho]H,
199 1926 199 1197120] 4 2HEke 3162 kWholth, Blok g BU e A A= glo|e S Fato] of
o Qe Z2 9 A glo|eE Holo] AlEdo]d AES] Z8o13ith

Location Incheon Metropolitan City
Ground area 9,000.00 m’ PR
Building area, 4,466.63 m’ e
Total floor area 17,932.11 m? . g E:E e .::-..H
Building coverage 49.63% : —eE
Floor area ratio 199.25% Spandrel Area ==
Application Office Building _— BIP‘.'?..TM L = = = _;-r
Structure Reinforced concrete T TTC % W] . _.u- " E
Number of floors B1F,I5F “ :
Height 65.1m
Floor height 39m
Finishing ~ Wall AL. SHEET |

Material ~ Window  T24 low-E Double glass

Fig. 1 Building characteristic and BIPV Module Installation Location

Table 1 Comparison of Climate Conditions between Seoul and Incheon (KMA)®

. Cloud Sunshine  Percentage of o Wind
Tem.ave Tem.high Tem.low . . Precipitation .
Area °C] °C] °C] amount duration sunshine [mm] velocity
[Vo] [hr] [%] [nVs]
Seoul 7.6 22.1 -4.6 4.1 203.2 66 78.8 22
Incheon 8.2 19.9 -2.7 42 205.3 67 89.4 3.0
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19 89 ~ 199 129 159 52t K1Y, Fig. 2 ~ Fig. 37} o] 9|71, BIPV BE o) 2
,BIPV B Wi 25k, 555 2%, WA e 2, A 25, 28t 2] Wi 25, it 2] o2
DAtFE et or, v flote] dEol 28 Aukfalof vI=H 1(AE=E TadA]) SaA

2 o] A1 Zsle] AZUAY eol M} kg ale] FRio] Lr e Hlw BAlslgct
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Fig, 33} o] Amit g BRof| Jx|3t BIPV7T A2 | F-55 25 Z4517] $164] Fig. 4] LRt viet

Zro] @ Auagtoll ] AR ubgkA ol HiZLE Al A S5k @ BIPV & /2] Hho] o wihd elg5]o] 9
A A & TekaEe A, WS B2 SEL O BIPV &

:’5—_
AfolE7h) 2% 4 flote] - (Thermocouple) AX] & ¢<=0 2 ulglsIct.

2] 21 9 F35EPV REY Huhd

1T o=

......... « BIPV module external Temp. * Glass Internal Temp. |
4= BIPV module internal Temp, = Glass Internal Temp. ...
(Back-up)
» Intermediate Temp.(BIPV)
o -
P S » Ceiling space temperature
= Glass External Temp.
= Glass Internal Temp.
= Glass Internal Temp(Back—-up)
o Outdoor Temp. * Indoor Temp.
&

Measurement Points

1) BIPYV External Temp. (°C)
2) BIPV Internal Temp. (°C)
3) Indoor Temp. (°C)

4) Power Generation(Kw)

Fig. 3 Measurement location of BIPV and Glass

Fig. 4 Field measurement device installation process
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vvvvv Glass External Temp. p
600 60— Glass Internal Temp.(Insulation)~_~~
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Fig. 5 Field Measurement Data (11/28) Fig. 6 Field Measurement Data (12/14)

4, AE2[0|ME E5I BIPV A|AH! M5}

4.1 A& Hoje] 7|8k 22| 2 2|2}

2 AP A= TRNSYS 17614 A1E5H= Type 567 — BIPVT &S A-85}5] 0 W A2 7420 BIpVe] 4
AW AT HREHEo 2 27]0] BARE T}, 119 8URH A4 @48 =519 Hlo]el =S AlBdo]
A mdlo] BA} 7R5slEE HA8le et

TRANSYS TESS 2to]H2{2]o]lA AlF5h= TRNOPT HEHUEES ARE5te] XAS}E 5191 o™, TRNSYS
EE|A TRNOPTE GenOpt 43} T2 I8E A48 4 Qe QAFalrE RERA of2] F8kEol
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A FABAGLE Zh= s} A ARET, B Aol e TRNOPTZL Algshe gaelE
PSO(Particle Swarm Optimization) ¥FE-2] |25} 2} E-5 ARGSH] 0, PSO Faref&2 2178 478 4
O] 25 (Swarm) 7HA|(Particle) & HIEC 2 XXl F ot B a7 = 243t g a|E o2 AAH
2o} B2k, 2] AASC] S1RIEHMin) T AR Max) 9 2713k (nitial)& X 451o] ALERIPY, &
4= BIPV & ZH 2% (cover temp.) H 5552 2% (channel temp.) A& gl ASg 2

2 A(1)7} o] Aokt

stop

mmf(a:) = E <| TPVsur,sim TPVsur measured |+| chan,sim Téhanl,measured |) (D

start

4.2 BIPV AIA% ALSHO1M U AIAR AST7}

A 119 142031 119 289 ASE dlo]ele] este] 1A 112 0.2 ALg o] 3 AAI5191.0m, BIPV
23 Type 5679] 2215} A= Table 294 ). H4st Avke 535 UEA AT QA 355318, BE
A AL B SRR ] 27121 H] st el H25 S B Pol gt 2 Ao/} g 20 etk
o7 A Wi%] M=o Slol AEeo1d mele] G2 Aol Aulg G T A0 oA, Wi
BE Ao GHTE, o5 thF GEDARS BAAGWS] A0l S Uae MAE Hefaith, S,
TRNSYS Type 567 BIPV 2de] 274 2|2j8h 2012 4] 452 28517] 918) 23 BAH250 et 9]
7] LERrke A BR0) £ S F7IE BFOR AHspL ool & 5 gl

Table 2 RMSE according to the measurement date

s BIPV cover surface temp. BIPV channel temp.
RMSE %RMSE RMSE %RMSE
1 min 11/14 3.4°C 0.89% 8.9°C 0.54%
11/28 3.9°C 0.35% 11.2°C 0.72%
1 hr 14 (Optimizzi;17g Seference) 1.36% (Optimiz?fg rceference) 0.48%
11/28 3.2°C 0.25% 10.2°C 0.55%

223} S Sofl Y2 BIPV Relo] 558 HIENO & Fig, 7 ~ Fig. 82 119 1447} 114 28 183} 1
X 7HE 02 ZAH lo]Ejet AlEH o)A 3hS vl Rt Artolct TRNSYS Type 567 BIPV IEf tigh Al &
[o}d A}, A= dlofejo]l thote] 12 TR vl Z3oH] BAHL 3= & &= Alrh &, 5559 _%

o] ZhE vl s ATt of 1A17F A ZaprE UehehS o 4= Qlrk RMSESF @A H&-&
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Fig. 7 Comparison of simulation results of optimized BIPV models (1 minute)
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Fig. 8 Comparison of simulation results of optimized BIPV model (1 hour average data)
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Table 2= 114 14 1ARF ©9]= HZRL Hlo[HE tidoz 22elE 1t el ni2hu]g & T Ao
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Auk-Galof| A= 2] BRO] FE= 0 L7 BIPV RE AX] BREHC} B L] A6 BIPV &
A Bl 7 Al Aok e Bk HFA] o] SRR EAJ0l SJ 9)F-9] dately
2|7} 2o} F52-9] AHE | FF= o v|A= A o= Uy
(2) Z1E2UAY EFEBIPV) o] TS & 7%, BlFHA] 27t Yrbols Gatdoll A Edehs AlLle 1
q AR 9] 2 9] of | 2] W o] Ofo Ak whebA g ] o] 2k a2 Bl 1
oA Sl GAFgol oJet Zlo] 5 Frko s YEkiT
(3) LutAol BIPV o g ol (€} Glass—Solar Cell-Glass—Air-Glass(JU) 2 o] 0]z Aol A=
(Spandrel) F-2 o] AU Sofl 7714 o= F5357 dGA7 A H 7-9-ell= BIPV Allof| 717k 9
7150 ofste] W aa yehte, AgApe] SJsto] 27 A ¥shks 202 UEith
@) 2 delx= BIPV mdo] tisixl T3t A5 Hol| gt AvkE 71 1 wf2ha| e (parameter) ]
Ao} WPALE o] gsto] HElE HAstglom, BAE nulS ARgsle] 7|t tisiA= AlElo]ds
TRt AR A Al A7 @ xdo] & W Aot
AN (ME71EATDAME A2 22 TEUREES doR el Al7E A5aE 297 3
olct. wlatA 5 B 975 EUIZ ALA] el AuldA] ] 4Rl (2019) 004 = B 8
SHHA L BIPV A A5 Hebotaat A4 A=]f(c-si) o]@]olle thelzt BIPV ej%d mdol] tiste]
A&24 0 2 AFHo|HE Foto] Bl 7e A%, A% Ha 5 S A Yoh= ek nsskara) gitt.
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