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This map is published by the World Bank Group, funded by ESMAP, and prepared by Solargis. For more information and terms of use, please visit http://globalsolaratlas.info.
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Levels of Electrical Hazard
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. Solar panels

. Charge controller
. Battery bank

. Interactive inverter
. Main switch box

. Consumer loads

. Power meter

. Utility service

. Backup generator
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NFPA 70 — National Electrical Code  clasSll aran B dyiguda g <l Al & dadlad) cilllais
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 NFPA 70 covers a range of electrical requirements including:

— Wiring and connectors g
LA A

— Circuit guarding
—Protection from physical damage
SUAS Sle el SN s Y
el Ll Dy o3 st ol amal)

— Grounding | _ .
— Equipment grounding (protective earthing( Syl s eraorys

— System grounding ; 3
— Marking _—

— Disconnecting means

— Overcurrent protection

— Detecting, interrupting, and indicating

— Ground-faults
— Arc-faults

— Rapid shutdown of PV systems on
buildings

F /)

\




Rapid Shutdown
red) BN e

B S5l O ad (. s w3y M dena )
Sy L) 5,42]) RS Byl oda bois =3 Leie. WbV
e wr ) GolssVI e g ) s ol deds S Y
ilSe Olkas ¢l 2 Wl age ¢SI ldall JLas!
Lé‘f‘u Cia.w L;.c dj‘f’u

ol BN 2l Jams ¢ i) e OIST0 G2 3 0
L5 Ve« 030 e Y b U e Gt s Je
et <I240 0 e aladl 3 2y skl




Rapid shutdown — a_dl @Y lea Skt

690.12(1) -«
-More than 10 f ' froman array in side building from entry
s Alaey O 2010 iV s Jaaal g Sl Jala d diaall (10 285 Jaadl) die (o 0¥
— More than 5 f’ inside abuilding
* 690.12(4)
— Labeled per 690.56(C)

5
" Photovoltale AC Disconnect
g £ ot 1 ey el from Doe e
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PHOTOVOLTAIC SYSTEM

EQUIPPED WITH RAPID SHUTDOWN
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Rapid shutdown

690.12(2)

Yolle) (1 oo h Y Lo Luedll = W1 lame Jon CBlasall (8 30 oSl agal) il o 50 o S
Y sl @llh 2 jla Sa sall (8 gl y Jadall ey 50 43530 (mae (A I B80  sLgS) agall ke
i) ey 00 430 JOA D30 e

@J“'“ SV Jlen 690.12 Rapid Shutdown No <30V beyond | <30V beyond | 80V max
evolution requirement 10’ of the 1’ of the array | within array
<80Vin array boundary boundary
10 seconds boundary within
Lnsidz the ) within 10s][i] 30s
new ooundar
7 NEC 2014 v

U NEC 2017 v

10 seconds
outside the NEC 2017 after 1st Jan,
new boundary 2019

“M\uug\g\cmuuk.m )LA@SJSquJ;}AM\.G o).LaJ &u‘ djdﬂ\@@éﬁ

£
0
)
&



s w e P[P e \\ & [%
i B o B
I I il . . .
L l i, : International Fire code <\l.liy Jse gl
’*_8_‘
324 \ 7
T N T
I I I
1 NI O li .
S — bl b i O (2 el lllan, oL, et U1 Jgeos

OBl S1eSU)) desest) (Sl idlall pb aladd) ISTA 3 L G el blassg bVl ) llons pds5 LY @

oLl Gl o Bgb o slbY) Oldes O o, L Oolpe, ol el Caslh

S sl Jlr ) ) mlacd 2l sy 2ilate pgd Bl A1V 0 I ) Olom e Bl Bl Sln 0SS 0T 8 0

. wlaall
t el sl 5 Gy Y1 ke 3oy O C2(R=3) ) aesadl gl sl a5sall illal) aalasl @

e85 Ao moly Jgoy jlns Badadl Slisiall fab (g LS2 p8150% 150 ol ¥ da sl LI i Lis 0555

3Lk g iy LA Jea sauadd) Al mbanl 3 0

e mly Jles g5 8l Lgndg an O (f B3dazey Ale ol S0 Je(R-3 ) 2801 Ll e 4l 25509 ) 1Y)

U ol sl Jiry Jgog Jom O @ 055 OF gty Blo mbaw ST o) Bl e o5 233

(1.5) Cawig b J&5 Y Bluws 291 slly #alll y BLLI 0555 O 8t kg Dygras plawot) D3 gncd) iy all ASUGL1 (8 @

). oAT S 0455 BN s g 48 el e a2 gl g




(Pathways ) : ohludy g Of g @ bl zsy)

Cilaally gl gl Jlry Ol Jams ot 88 Ol oda 0SS 0T 8 0

el s S ol pis g 0

Bsgd) o Sl sl e adlo p 34 e IBY Blak 05Ty it L S e LM 0SS 0T g o
el gt e wilo psd e Y Ol gy 0T

D Ay el

e Slles ol e VI IST (3 5 8150x 150 e ezl WL degaz Y OF s

2y AP CR XA WRNCA T TE APV

10 e JEY Bl AV ods S ax et Ol (6l e By 23T Bl s 0S5 OF 4



ZEN WARNING KEN
ELECTRICAL SHOCK HAZARD
DO NOT TOUCH TERMINALS
TERMINALS ON BOTH LINE AND
LOAD SIDES MAY BE ENERGIZED
IN THE OPEN POSITION
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protection against electric shock including array insulation monitoring and

— 62548 T earth fault detection.

module safety qualification — Part 1: Requirements for construction
m 61730-1&2 ~|:

module safety qualification — Part 2: Requirements for testing

m 62109-1&2 g Safety of power converters

m 62446-1 g Photovoltaic (PV) systems — Requirements for testing, documentation

Connectors for DC-application in photovoltaic systems

70E e apid shutdown

STANDARDS

NEC s Article 690 g Solar Electric Systems

Jlll ohotovoltaic modules and panels intenaed jor Installation on or integral wit
buildings

m ANSI/UL = 1703

m ASTM am WK21327 G New Practice for the Installation of Roof Mounted Photovoltaic Arrays
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IEC 62548:2016

350,68 Bl 3Ty OIS G5 (3 L s S Bas Y eas S EC 62548:2016 2401l oo
* Separation of PV array from main AC power output circuits oalll Ll 195 & dis0 S LI Lsdan Jaod
* Arc fault detection and interruption in PV arrays (-1 dsizs & il g0 sl Juady LS
» Protection against electric shock i ¢S a2l oy dyled!
» Protection against thermal effects ) 31 ¥ o Ll
> Protection against the effects of insulation faults iyl L& s Ll
» Protection against overcurrent Uil i e &l

> Protection against effects of lightning and overvoltage ug! ¢lsyy so15al 0 Ll
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IEC 62548:2016

PV array maximum voltage L wginl el 54l

« Component requirements aladl &S
* PV modules 555,801 AVl
e PV array and PV string asse ¢S fedldly wlsiall
« Combiner boxes sl (s ;
* Circuit breakers s, ¢ sbisll 43 52 ¢Sl AalaiY) 3 o dadlSa
e Fuses w5l
 Disconnectors and switch-disconnectors oy fuail 541
e Cables ey K
 Segregation of AC and DC circuits axull s ol Ll o> Luas
* Plugs, sockets and connectors isW, = psl
o Wiring 5.y
e Bypass diodes sl 345
* Blocking diodes calay) s45
* Power conversion equipment (PCE) aslbzNl (2S5 53¢



Fire propagation i3 L)

Fire Exposure® | Allowable Flame Spread
Class A 7400 F/10 minutes | 6 feet maximum |
ClassB | 400 F/10 minutes | 8 feet maximum
Class C | 1300 F/4 minutes 13 feet maximum
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i g0 gV Aadas¥1 31 - A8

Hose Stream

Test with pond water and smooth bore nozzle

Distance Smooth bore Pressure Voltage Leakage current

Feet nozzle size PSI DC Volts Milliamps
10 1 inch 21 1000 - 5y g
10 1 inch 21 600
10 1 inch 21 300
10 1 inch 21
1 inch 23

20
2.1 -40 mA
Perception
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Open Circult Shost Circuit

Toarp ¥ Cost Toarp Color Layers Voits Amps Hazord
3 $15 4.0 mil plastic film Black 1 33 0 T dale |
2 $16 5.1 mil all purpose plastic  Blue 1 126 2.1 Electrocution
3 s78 Fire Salvage Canvas Green 1 3.2 0 _
Kl s94 Fire Salvage Heavy Vinyl Red 1 124 1.8 Electrocution
Full Sun 148 8.1

2.1 -40 mA
Perception

40.1 - 240 mA
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._ buildingmaterials/fireservice/PV-FF SafetyFinalReport.pdf

ource: UL.com
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Solar PV

on roof
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Enphase Microinverter

SolarEdge Power Optimizer
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Arc fault detection — few products available yet »

Local & remote ‘Fire-fighter's’ switches »
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