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Characteristic Analysis and Configuration of the Protection
System to Improve the Safety of the BIPV System
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{Abstract)

This paper presents the configuration and characteristic analysis of the protection
system to improve the safety of the building integrated photovoltaic(BIPV) system.
BIPV is a solar power system installed in buildings. Since the BIPV system is installed
in buildings, there is a high risk of electric shock and fire accidents. Therefore, in
order to improve the safety of BIPV, a protective system is required to block or
quickly detect risk factors. In this paper, as a protection system to improve the safety
of the BIPV system, it is composed of a rapid shutdown (RSD) that can quickly
separate the PV system to prevent fire and electric shock accidents and a system to
detect Arc faults that cause PV system fires. RSD and Arc Fault Detector analyzed the
operating characteristics according to each condition and confirmed that the safety of
the BIPV system can be improved through this.

Keywords : BIPV, Protection System, Safety, Rapid Shutdown, Arc Fault

1 FEANETAZ, g 1 TMCS Co., Ltd, CEO
2 TEEHY T AntEA YA A B 2 Sunchon National Univerty Smartenergy Institution
3* A3, WARR}, YA, wae 3* Dept. of Blectrical Engineering, Sunchon National University

E-mail: dkkim@scnu.ac.kr



SHRULBUBNS =2 H27H H3s

T

1. M 8
AZUAFeg  2HBuilding  Integrated

Photovoltaic, BIPV)} ek ouA2 7|E
Aarstel aHRA 8 Vst dAE gA
g H¥d BES A5E AR Ak HoF
F THA LS om|RT1].

PV AIA”le] gt AlA A s 29
Aol FESHA oY A5A0 A

©= Table 13} go] #3444
PETH2). S3] A 3% 4

of
i

:

o

e}
2

o nst
Mo Jo 4N W

o & 1o
gy
£, o~

1o
N
O
o oox

L

Aol o] BIPV AlAro] AJAret
oAld=m 202097 = AlSE oE
HlEEe] 20% ol AIAAY o= A
olFsslal, 2025WREE vz A
T g Agetomn EAAGe AY, T,
FAARZ ool BRE GAJS] ofFy] wiEo]
BIPVE] 487} AAAHA S7FE Ao o
t}. olo wgl = BIPV A2 20209 1,298
oAl ABat 59%4 F7Iste] 20234 5.218
ol G ZoR oiHct 53] BlPV= 2
Lo Ax] o] dg glo] 1% AEo] e =
Uloll Aglst AjAgloR oA QIrH3),

T BIPVOl| ofigt Algo] el wet Al
2] geFo] Frpstal glom Q47 WY =
Al gl el AR o] 3 9 Qb of

A al

"

RNy
o
o

ot
1o
J

=

"o
i
o

e =

12 12

Table 1. Global PV System Market Size by Installation
Type
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Table 2. Effect of Electric Shock by The Magnitude
of The Current
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Table 3. PV System Fire Status(by Fire cause)

& A |2019 2020 | 2021 | 2022 [2023.7
A 378 | 62 | 69 | 81 | 99 | 64
A71A QQll 295 | 49 | 56 | 64 | 72 | 51

1A 82l 37 | 9 4 7 13 4
Bzeo| 10 | 1 3 1 2 3
A4 @el| 11 | 0 3 4 2 2
] Ak 14 | 2 1 4 5 2
7]et 11| 1 2 1 5 2




SHRULBUBNS =2 H27H H3s

T

A AW WY, W T FEo| Haus
A SNEAG Sl 2718 o] WS
w etk A4S A, A 9 97t
BAEY A9 2 Al WA 5 e E
AN BA) W gfde] ool WT A9 ]
2 A9 Agol vepd 4 it

PV AARe FEE - W4T - oHE - W)
A - g AsRoR PR, o F Aslet
A I 90% Bt T 2

O] T Yl ofFolth of=] A
oA FAo] =1, 0.5%9] o}H7} 1% o] A
. @ifol ALEH 737 WARiths A
oA L HEgolA] ofa W A9 o]Fd
T gle Alagelet & 4= glrk

2.3 ZYZ 0[0fX|= ol E=HA|

2 AGE W it PV olFol= ofa &
Aol Foslch ol PV AlAE9] ARE Z7}
Al717] 918 HER At 4] 2%k A
AR wiol F- 309k AH A 9 HAIE AARE
o S 4= Qlek. ofF EPAlE EAR 7kAS
Hod BAL oflUAE HEste] B W 259
He 498(~19,500C)7H4] =A W= oA
A= 400V ode] AlA”eA EAI7L HER
dubdo= Ao o Aol 500Vl FAE <l
HEIQL X 1,500V81 oiti QIHE RE of=

A7 BT o Sl

4o e

%

3. BIPV A|2F QY S flet

Chy

27l A Uehd 23t o] BIPV AlA"e] Let

Ut e 98 o4t 34 7R3 ola 1go
2 2 % otk meha ol2 ] St o
o] a7t

3.1 S EMofl el A% iy

EfgS g 4 Sl Wo] dasit) 20149
t]= NEC(National Electrical Code)x= H]AFA] Ef
g o] Aeds 7 At 4= 9= RSD(Rapid
shutdown)s A A7Hskelch. sjed a4 3t
A Al 7IAF R HE AAFS] DC AYEE
AESHA Al 2 SHiE T B e
Aot A QS ] e =Y
At

RSDE= NEC 2017, NEC 20202 A4} 7iA
=lon NEC 2020014 RSDell thel] th3
22 715 4kl Qieh

s H Ao BH= PV 9 Alo] AlAHS] A

* g A AR 3302 oldief] 80V ofgt=

AJgt

c =EE A Aoy MA HEo] g%
PV ogolE Mxsty »2H ¥ HE

2 ox

Fi E= HGAollA 8 E o]k "ol 3t

AA]



Ksa©

BIPV A ARIS| OFHA 43 U3t BEAIA 79 U 54 24 595

ol 8= Qlrk

ul=o A Ejed Aule] ofm 1] wE 9
dS Fo)7] 3 20114¥ NEC Section 690.11
oflii= AEel A== B WAAAHSY] A
Qo] 80V oA AL PV 44 Ul Y F2
ol IAL FABIAL  XLHAFCI,  Arc-Fault
Circuit Interrupter)@ 4= =S Tha9] 58
atskal qlck

cofF yAo] FAE T PV A|AHL] SHS

FAAE A

olrte FEoF AIARRE ohA] AR A

PV A]éEéMW AFCl AAE oFtsfete] wke}
UL(Underwrites Laboratory)ollA= 2013¥ DC
AFCI AJ¥3E229] UL1699B %9k uhAslo] E4
ARZE Yle]l obaE FHASES a7stglon, 2018
W 8ol UL1699B Zdto] RHYE|Qlct, TECOA]
% UL1699BE 7|HFe& 3= IEC 63027:2023°]
Hrey =gl

i =wollA= BIPV SFA e 18 RSD
¢} Arc Fault Detectorg 4-8-5ktt.

Fig. 32 & =] 283t RSD 45 HAE
91t Ad e7E UERdc

RSDE| A& HAEL: thae] 3714 2o of
8ol Anjelsict.

Fig. 3 Test Environment for RSD Performance Testing
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Table 4. Rapid Shutdown Operating Time
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Table 7. Arc Fault Detection Time

No | Arc Fault | Arc Fault | Arc Fault A& A
AT Hen AT=T,—T,

1 1[sec] 3[sec] 2[sec]

2 1[sec] 3[sec] 2[sec]

3 1[sec] 3[sec] 2[sec]

4 1[sec] 4[sec] 3[sec]

5 1[sec] 3[sec] 2[sec]

6 1[sec] 3[sec] 2[sec]

7 2[sec] 3[sec] 1[sec]

8 3[sec] 5[sec] 2[sec]

9 2[sec] 3[sec] 1[sec]

10 2[sec] 6lsec] 4[sec]
:é]ji 2.1[secl

of oJsf ol nAo] HEEE 54 UEhdch
Fig. 7(0)e} Zo] ofA 1ol WAskA| ¢k 7
G NR7E HEER] ool 4150] WaF et
A AR, Fig. 7(02F #ol ofa iAol gt
4% axuprt gR|Eo] Al%o] Wsrb yepdtt
Arc Fault Detectorr= ol2f3h Al%o] HslE &
o ofm yAS HES

Table 72 Fig. 79 Al¥E 3 ol 13| A
S ARES UER Qlek A 10e] AlSoflA
ol W = AREE Bt 2.1lsec]2= ULI699B
o] 7]&AIZkl 2.5[sec] o|HZ et Qi

52 8

oF Ho AJAE A 8 BEAS

BIPV AIAHEIS] SHf 9l 7Hd 59 SPaAbE
TaAZ7] St B AARIOR RSDSF Arc
Fault Detectors Z-gst3om oo st E4
A5k RSDY 7% Alo] AlZof gt
AZro] Bt 0.1[sec)2 wi$- Zkem RS
T AER9] Aol 0[V] #74=]e] Shutdown -5
Zro] QS| olFA= AE HRIsHlth F3t
10,0003]9] HIAEO|A 9,995% A4t FASIe
99.95[%)9] &4 AlE4de etk Arc Fault
Detectori= UL1699B &l Y= Arc Fault
Generatorg A-&35ko] A|dsI9 o 1039 oz
1A AlSollA Bt 2.10sec)9] AI7RE YERo]
UL1699BS] A& ARE 270& W55t

whebA ol2fdt By AJAELS BIPVe| A8
A% A 8B ARLE S £ gleH olg
F3ll BIPV AIAHIS] obAdS A 4 s
< IRlsielch

offf ol
2 N o

f




BIPV A|AEHQ)

FA7|1971EHE
ESMAIISA+R&D, $3364039)
o} =t ATl

[11 B. D. Dimd, S. Vdller, O. -M. Midtgard, U.
Cali and A. Sevault, "Quantification of the
Impact of Azimuth and Tilt Angle on the
Performance of a PV Output Power Forecasting
Model for BIPVs," in IEEE Journal of
Photovoltaics, vol. 14, no. 1, pp. 194-200, Jan.
2024,

[2] MarketsandMarkets, PHOTOVOLTAIC MARKET
WITH COVID-19 IMPACT-GLOBAL FORECAST
TO 2025, 2020.

[31 B. R Park, J. Y. Yun, N. H Kim, J. W.
Moon, “Analyzing Trends in Photovoltaic Systems

KSAU(C

WY S YT MBAAY Y U SN £Y

for the Implementation of Zero-Energy Buildings,”
Korea Institute of FEcological Architecture and
Environment, vol. 24, no. 1, pp. 129-136, 2024

[4] J. S. Kim, S. P. Kwon, “A Study on the Risk
of Electric Shock from the Sprayed Water for
Fire suppression of the PV Installed Building,”
Fire science and engineering, vol. 28, no. 6, pp.
47-51, 2014

[5] FLUKE, “Top 3 solar PV safety hazards and
how to avoid them,” Fluke Resource Center

[6] S. P. Kwon, Y. T. Han, W. S. Lim, D. H.
Kim, J. S. Kim, “A Study on the Risk of Solar
Photovoltaic Systems Installed on the Rooftop
in a Domestic Fire,” Korean Institute of Fire
Science & Engineering Conference, pp, 464-467,
2012

[7] Wu, Z., et al.,, “A Review for Solar Panel Fire
Accident Prevention in Large-Scale PV Applications,”
IEEE Access, Vol. 8, pp. 132466-132480, 2020.

(4 2024.05.08. 44 2024.05.16. AREA: 2024.05.20.)

599



