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Solar rooftop system

Advantages of solar PV

* N0 harmful greenhouse gas emissions ,environmentally
friendly

- supplied by nature ,free and abundant
e can be made available almost anywhere there is sunlight

* N0 mechanically moving parts ,operating and
maintenance costs to be low, almost negligible,
compared to costs of other renewable energy systems

« producing no noise at all; perfect solution for urban
areas and for residential applications




Solar PV Trends

Global power capacity by source in the Stated Policies Scenario

Solar PV
3 000
=
()
Coal
2 000
1 000
2000 2010 2020 2030 2040

w
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Solar PV Trends

Solar Farm Floating Solar Farm

3
e g3 nellsziagend




olar Rooftop system

U
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Solar Rooftop system

Utilt Major system components

Pole

Mounting S ol
f - PV module converts
sunlight into DC electricity.

Inverter converts DC
output of PV panels into a
clean AC current for AC
appliances or feed back into
grid line.
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http://www.leonics.com/product/renewable/pv_module/pv_module_en.php
http://www.leonics.com/product/renewable/inverter/inverter_en.php

Solar Rooftop system

Australia’s ‘unsafe’

solar installation
standards under fire




Solar Rooftop system

In May of 2015, a rooftop solar
fire was ignited on the roof of
an Apple-owned facility in
Mesa, Arizona



Solar Rooftop system

Walmart and Amazon Sue Tesla Over
Solar Panel Fires and Unqualified
Workers

Walmart filed glawsyit last week
alleging tha @ nstalled
dangerous rooftop electric systems
which caused rooftop fires at seven

stores in Maryland, Ohio, Colorado,
and California (2019)

Amazon disclosed that its

warehouse in Redlands, CA,
caught fire last June (2019)



Solar Rooftop system

® Voltage 500 Vdc or more
® System cannot be switch
off
* MIMANNFZDN PV
- NN DUATIE
- NA9AL 777
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Solar Rooftop system

52U Solar Rooftop Nuaanne

n f] ﬁﬂ ﬂ ﬂ LLu 1—' AranssuanuuisUszmelne lunssususgudun

The Engineering Institute of Thailand H.M. The King’s Patronage

= L4 d 1AsgIumM AR nindmiuusemalne :
N ﬁ L@ a2 ﬂol"ﬁ‘ﬂq ﬂ ﬂ ﬁm szuun1seanlifiannassuLEIeing

NAARIUUNAIAT
W.A. 2565

24

Thai Electrical Code :

o\ (- 94
ﬂf] ﬁ ﬁl ﬂ GN Solar Rooftop Power Supply Installations

2022

N1511995N 1

UINTFIU 28N, 022013-22
EIT Standard 022013-22

a W

3
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olar Rooftop system

PV array

Gnd-@onngcted
inkert Switchboard

DC isolator AC 1solator

—

DC side AC side

w

d
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olar Rooftop system

DC side

PV array

AranssuaniuwisUsznalne Tunszususguiudg
The Engineering Institute of Thalland HM. The King's Patronage

wmsgrunsanaamsliihdmivdszmalne :
szuumsuaalinnnassuuaending
finansuunaIan
W.A. 2565
Thai Electrical Code :

Solar Rooftop Power Supply Installations
2022

MG . 02201322
EIT Standard 022013-22

AC side

Switchboard

AC ls(_.)ldtor

; — B

" Grid

IEC 62109-2

MEA,PEA
(Zero export ,Anti Islanding,etc.)

Loads

Aranssuanuuisysanalng Tuwssususaguiug
The Engineering Institute of Thailand under HM. The King's Patronage

wasgrunsaaassliidmsulssmalng
WA, 2564

Thai Electrical Code

2021
atuayulay msliiuammads wasnislviiadaugiinn

AINTFIU 28N, 022001-22

a W

3
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Solar Rooftop system
PV Module

Monocrystalline panels Polycrystalline panels Thin film panels

- Efficiency @ 17-22% - Efficiency: 15-18% - Efficiency: 10-13%
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Solar Rooftop system

PV Module

The leading PV cell technologies
*HJT - Heterojunction cells

*TOPCon - Tunnel Oxide Passivated
Contact

*Gapless Cells - High-density cell
construction

*PERC - Passivated Emitter Rear Cells
*Multi Busbar - Multi ribbon and micro-
wire busbars

*Split cells - half-cut and 1/3 cut cells
*Shingled Cells - Multiple overlapping
cells

*IBC - Interdigitated Back Contact cells

PolyPERC
16 -17%

Mono PERC
17 -19%

Shingled mono cells

18 - 20%

Half-cut mono PERC MBB
19 - 20.5%

Shingled mono PERC
19 - 20.5%

Half-cut MBB heterojunction

20 - 22%

Half-cut mono PERC

18 - 20%

N-type IBC
20 -23%

U
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Solar Rooftop system
PV Module

p N
-O)- PV module efficiency - Comparison chart *
; 24

23
22

21
20

18

EFFICIENCY %

17
16

15

14
Poly Mono Poly PERC Mono PERC Mono N-type  HIT N-Type IBC N-type

www.cleanenergyreviews.info * Guide only - updated June 2020

a W

3
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PV Module

Effect of Irradiance

Maximum power increases with increasing irradiance
Maximum power voltage changes little with irradiance

Current increases with
1000 W/m? constant resistance

at 750 W/m#?
o
D
=
OJ 500 W/m#
250 W/mé

Voc changes little
with irmradiance

Constant
Voltage Temperature

a W

3
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PV Module

Effect of Temperature

Increasing
temperature
reduces
power output

Increasing

temperature
increases curment

Current

Increasing temperature
reduces voltage

T=0°C
T=25°C

T=50°C =i

Voltage

w

3
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PV Module

Current-Voltage & Power-Voltage Temperature Dependence
Curves (460W) of Isc,Voc,Pmax
180
160
12 480
S 140
10 20 <
g
- 350 120
o S~
ﬁB  oen o O """\n..\ Isc
<, 280 S 2 100 \ L
wJ
= i R, \oc
= 2108 2 Nl
L4 - o &0
5 1402 = Hmax
U — 0
2 1 70 £ 60
o
Z
0 - ' 0 40
0 5 10 15 20 25 30 35 40 45 50 55
20
-20 -25 0 25 50 75 100
Voltage (V) Cell Temperature(°C) - N
g qo ﬂﬂﬂ‘i%!tﬁg 1112




Solar Rooftop system
PV Module

I
®* 95 AUANIBENTIONS

® N15U9U&9 (shading) MIBONFIUNANGIVD
PV array AITHANLALNELALNT INAGHALT 21eNT LasnTa
PV array Nogfamwsnniiull tiatlosiulslliifownun pv

array

. BZILWﬂ&I?’Iﬂ\??ZI% FNIIUCVRY PV array avamamaammm
ﬁﬂsﬂ% m@]a@aammﬂmmimalmmmﬂm

* ussauwan luaeaida usssuanlmeadann PV module 7
A = 6 v o w
InafigeiisgUnsalulasiuraslnih
daalsiifiv 3 % TosI V,




Solar Rooftop system
PV Module

(%4

s BaIBTNTTOWE

ANanyYsnuudanydr 909PVMODULEINHUATIUENYTN
YAUN NANIIENRAFINNTINNTUAIAN19MAINEE D10
[~ ° 9dJ tdltzid

SIMISIE A I@UL%WWSW%W%Nﬁ@WWNﬂﬂW’JS

NNBIAINITAAAY YN1DUI289 PV MODULE @auuiseay
LasAeN19989 PV MODULE (Haiflauriufie el (TRUE
SOUTH) §4NANTENUNDENITONLURITLUL

1 Y
A X

A15tdo4dNIW 289 PV MODULE mqmﬂ%’amﬁmmu
183 PV MODULE ﬁwamzwﬂﬁ’ﬂmamumaa PV
MODULE aaad

U
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Solar Rooftop system

Tier 1 Solar Manufacturers

« No ‘Tier 1 Solar Module’, only ‘Tier 1 Module Manufacturers’
« Marked by BNEF as “bankable”
« Manufacturers have their own products and factories

« The products were used on 6 megawatt-size projects (> 1.5 MW),
financed by 6 different banks in the last 2 years.

« Any brand with financial issues such as backruptcy will be
removed from Tier 1.

« BNEF does not publish Tier 2 or 3 list

“We strongly recommend that module purchasers and banks do not use this list
as a measure of quality, but instead consult a technical due diligence firm”

Bloomberg

NEW ENERGY FINANCE




Solar Rooftop system

Array
Strings in parallel
Module ‘ ’ ' )
Cells in series i ]mul it i|m(n ]
String (e W

Modules in series
[ T |

riptp W ehigiap Wi UESF I
UM \ lb

Cell

By
l )

— ] |
PP

w

a a Qd
U8 g ﬂﬂﬂiglﬁﬁg Nel



PV Module

-
-~
-
g

36 cells 1n senes

L

DDDDOODDO
DDODOODDO
SIS (S [SIS]S]S[]5!
oO0Q00OD0
|
|

i
P'."-' n1|::||:lu|E
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PV Module

Panel Connection: Series




PV Module

Panel Connection: Parallel




PV Module

Shaded Panels

Total current = The lowest current source

If several energy sources rated at different currents are

connected in series, the total current of the combined sources

will be equal to the lowest current energy source. However,
the excess current, generated by the source with the higher

current, will flow into the lowest current source and be

discharged as heat, causing reduced performance and

| potential damage. Therefore, connecting energy sources of

o> N\ different current ratings in series should be avoided.
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PV Module

Shaded Panels




PV Module

Shad ed Panels System Voltage= The lowest string voltage

Energy sources that have different voltages

should not be connected in parallel. If they are

the system will operate at the lowest string

voltage, and excess energy will be dissipated

as heat. This will result in under-performance

of the system, and over time it will potentially

cause physical damage to the components.

EAY
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PV Module

Shaded Panels

Blocking Diodes

|




PV Module

2.1.6 ULUVN19ADDWNTN-ULI

I A [ a i 1 A o 1 v Y d v A
PV array maagﬂaammuLwaﬂmﬂuﬂsmavlﬂmumﬂu PV array Iﬂ&l‘}’l PV string ‘L%Lma3LLE\'31’I%‘I&I‘](§IS‘II%‘]%ﬂ%GINNLL‘N@]%IJJ@]

2993UANE197 it 5%

i a ] 1 v al 1w v a1 o (1 v o w a o w
WayszRnEmwiiauazane1wsaauil i (mismatch) PV module yindafidenuadnsatidasiumasindhfidiemuqamasinih

o a [ o 1 1 o j v a1 o € v o w ia
gegadanumsiiuzfiafieann wazidmunseaaunsuwinu lagfl PV module nndafidenuaynsaiudasiumasindhiidams
qamas iwihgsgafeann asiiwnams iwinuiianin sasdsAnanssuaanigas ussauwdlaasas nszuafimas ihgese wssdud

6
maavl,w‘i'fhzjaq@ AneMEs IR LLazaadﬂszﬁﬂ%qquuﬁ'mmﬁauﬂuﬁw

U
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PV Module

o Bypass & Blocking Diodes
141 lalapnunszus (blocking diode)

! +
VL@Ia@weiaawmmﬁu PV module, PV string, PV sub-array H Infonfunssus
uay PV amay etlasiulalbinsuualvadaunaulyluginsel . ) .

PV module, PV string, PV sub-array Wag PV array 3 : -

Z Z. v v . QL;’ + | + 47 +
1.4.3  tntaa8a2IN (bypass diode) # # #
lolonfidadia PV cell wilawas wansnnniiiaayg e i ) ) )
nzuasmaangnisussviatize Wilndemefinszusling T $ ; 5
matasiigasautaaaiamesilosnnnNLA ueaunaL T T )

g 5
MNITASIUIL PV Module i it 03 meldeniolondunseus

ol ﬂaﬂszgfﬁgﬁﬂé




INnverter

@ﬂnﬁnﬁtﬂmw"’unﬁaﬂv\lﬁv (Power Conversion Equipment ; PCE)

gunsndlWingsvinmihidasuazarupuiiaswinanuasnianszuanrausssuginialiiflunseualiwnangd
WINNRNTZLE LI9AL LAZ/YTEAIIND ANNFBINIT Kt DC/AC Inverter, DC/DC Converter, Charger Controller

Micro Residential PV Commercial PV Utility PV

) i inverters ’
inverters Inverters inverters

0.25kW- 0.5kW 1.9kw-3kw 10kw-20kw 100kw-500kw

w

3
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INnverter

@ﬂnﬁnﬁtﬂmw"’unﬁaﬂv\lﬁv (Power Conversion Equipment ; PCE)

gunsndlWingsvinmihidasuazarupuiiaswinanuasnianszuanrausssuginialiiflunseualiwnangd
WINNRNTZLE LI9AL LAZ/YTEAIIND ANNFBINIT Kt DC/AC Inverter, DC/DC Converter, Charger Controller

Micro Residential PV Commercial PV Utility PV

) i inverters ’
inverters Inverters inverters

0.25kW- 0.5kW 1.9kw-3kw 10kw-20kw 100kw-500kw

w

3
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Inverter

Inverter with Low-Frequency Transformers

switched full- toroicdal o
, . . wave bridge  trafo (S0Hz) V= connect relay .
—_— —gﬂ— - - ——— —gﬁ— —y L4
r— e =t | | =z
1 - a =S — | lire
EMC- _ j : EMC- 230V
Filter ) _ £ | filter S50Hz
DC js ' | AC
_:_—i_EE - | i
- y - | He—t— o N
1]]2 2 | |1 | I T:F"— _T
measurement measuremeant
I R inverter control TIYY
at input (feovma ~ 10 - 50 kHz) at output

* Pros: very reliable, cost effective, DC current injection not possible,
efficiency up to 96 9%
* Cons: weight and size

SZIAIgANA




Inverter

Inverter with High-Frequency Transformer (16-100 kHz)

Switched full-

HF HE HE 0 Hez - AC connect relay
| - ] wawve hnoge I_1r=_:|';| reC i -F.'r_f ter _l_.||l'|_|l-:J|_:| I - | oL
3 r |
) S & I8 _ 1y 5 3 | -
L L A — | L LI line
- L |
EMC- < l | Emc. | 230V
- —E| ® &4 }é | AC
— i
S ! et — N
I'I"l-ﬂﬂﬁ-l.-lf'i'l'l"ﬂil'ﬁl "-|-|I.-..,H_.,|' cnn"’nl m&-ﬂiufﬂ'n‘lﬂﬂl
T, L e ~10.. 50kHa) YT,
at input at output
* Pros: low weight, small size
* Cons: high number of components, DC injection possible,
efficiency over 95 % difficult to achieve

e g3 nellsziagend



Inverter

Transformerless Inverter with DC Chopper

swilched full-wave bridge AC connect relay
,_I ,_J 1" =5 —o L1
- N - FWM | —
L o T g | P - >—} - rll'l.Ei" I + . =
A " () I = | line
+ 1 B bh ||| B | e
il | fitter alHz
EMC- I — A o : AC
firer il i [ q -,
7 1 5 —__ i 7 I____'__".'_ _'T |
e @ SUrement e B S UNement
TA"; inserier oo | ".l NI I
al nput (ferwna = 10 = 50 kiHz) al outpul

Very high efficiency, low weight, small size, wide input voltage range
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Inverter

INVERTER converts DC output of PV panels into a clean AC current for AC

appliances or feed back into grid line.

Additional features

- Anti-Islanding

- DC side fault monitoring

- Arc fault Protection

- Emergency Rapid shut down ®

e 93 AoilsziasgAng



Inverter

Anti-Islanding

Reverse power flow

q [E25ol | | > —7
Circuit breaker zy;

8 Gnd electricity

m PV electricity l

Figure b: One of the issues with two-way electrical flow - the circuit breaker stops the
current flowing in one direction (from the power station) into a fault but cannot stop the
current flowing in the other direction (from the residential PV system), thus creating a
potential safety hazard for workers trying to repair the fault.

a W

d
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olar Rooftop system

f
d13U 'E?U.,
Xl
unit 1 unthuazdaeialy 1 61 mshddneiuaiang 77
11 98U 1 62  dafwusdmivihe 77
12 TaguUszasd 1 63 massuhiszuusdeldihanvdinunssoing 77
13 wwEguEnds L 6.4 dayadwiudmihidumgs 78
Le e 3 65 thydggudmiugdnsaiinass 9
unii 2 suluuBInISEa PV Array 9 66 LanETs a0
21 JUMULYRINTEHD PV Array 2
22 PISEAnWUUWENG 20
r s . AARUIN
Ui 3 dssimuaiuAudasnng 23 L
. . fl.  NISHEAIALMGENTIRENTT TN TERaEN T a1
31 Fadwuaill 23 . . .
. o . _ 1. douusihdmiunisthssine a7
3.2 nastosiunis Lﬂﬁ,‘flﬂﬂ (electric shock) 23 *
N - A, AMIAEDUkEETEUIUNTAdaUADUld Y %1
a8 LAY S -
34 aistasiusufisnsasasfiu (Protection Against Earth Faults) 78 1. narvumInsuisuldu-dudy 51
35 nistosfunansevnuaindiruazussAuLiy (Protection Against Effect of Lightning and 2. mistlesfunanaznurasitiuasusiuiy 101
Overvoltage) 30 2. awissnavvasss Ui UNE S UMLRASS 113
Uit 4 nsaiedaaunsallvisia 33 v, asdwunlssnnussdulshuoodnna 127
a1 Fadwuaditly 33 9. maessfudmivIruuumagd 128
42  usdiugEATas PV armay 33 o, mseanuuusely PV CABLE (dauuzil) 136
23 dofdvusdwiudiudssnou 35
44 dofdwuarafinnuasiEnsinn a4
25  misrgounseuREnAmTAnds (Commissioning) 54
UM 5 SEUUANNUWAIIULUALADS 55
51 VEUAR 55
52  dafwunnishins 56
53 dunsieainlvidn 61
54  fumTwanufiaszina (Bxplosive Gas Hazard) 3
55  dsmiurnulaandedmiuszrudnfundsau 72
56 feehgluuun Tdaudesruuinfundinuuunmed
uarsEUUAIHAR WF RN nA s use find T4
- o ar o Ld <
Unid 6 asindanuniuaziandls 77 a a v a
e g i;l"i] ﬂ@ﬂi%!ﬁ‘jﬁ Nel




Solar Rooftop system

a; [~3 U (-
UNN 3 dsziaumruandaanns

3.1 darnvuariall

3.2 nustasiuniafinlwam (Electric Shock)

3.3 N19UaNAUNTZLALNL (Overcurrent Protection)

3.4 NIUaNNRAINNEANTAIAIAL (Protection Against Earth
Faults)

3.5  NITUANAUNANTENLANNINILAZ LI ALY (Protection

Against Effect of Lightning and Overvoltage)
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Solar Rooftop system

3.1 $amvuaia la/

PV array fidaeslfnuunuaienseinsfien VOC ARRAY g9gm ek

- alifin 606 1,000 laadt (DC) dsumensulazinyiuagonde

- 1alifiu 4000 1,500 haaet (DC) shsuanmzau o) Alaild thuaganeta
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Solar Rooftop system

3.2 nastlasnunisinalwaa (electric shock)

nedudalanamse(Direct contact) n1sduiadrundnannszug lWwn wu g1elniwn

3.2 nistasnumsiialwae (electric shock)

d1msuszuuld W usasa LﬂL‘]_I@LL@o,
Equﬂ@vmﬂu PV array mmﬂﬁmﬂmummfm
UNLLATH (reinforced insulation) 2191941816171
Qial o | 1 a = | a\ 1 dl Qi o
Nl udousiasssiu vradiwdalasau o N

AN 1oy

n.

wdan gl PV arraysiaiilugadl

o

NAAPgUUNRNMNNTANATNAN N9 1H9

9

Y v 1 o QI 9 £ 1 o a o . Yo

fndavadiudawandanniauen deudunuumusessddanslolaian vialasunis
tlasriuannuasdansi lalaananedsnisnmunzan virasasingsatn e luianinis
tlasiuiadadaninlalaan dastinueu (a1aamnaaanaad) iasesiunisaaaun

284 PV array / PV module 18391nAu5aun3oas

sraglianln mumImsgIu IEC 60332-1-3

guiuiaiausesnlunszu (sting cable) Aasiiuliniudaniuun BS EN
50618 158 PV2-F @1 TUV 2 PfG 1169 58 UL 4703 %38 VDE-AR-E 2283-4 %158 |EC
62930
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Solar Rooftop system

3.2 nastlasnunisinalwaa (electric shock)

nadutianiesan(Indirect contact) nnsdueiadrunundluingzua i

1 Tnsalanzginand i

n1snaasar(Earthing)
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Solar Rooftop system

3.2 nasiasnunisinalnae (electric shock)

Aaususzu W weesn wdavazdqudsznaul PV array Aiag
ONUaIAUAIUAIALIAUILLIATH (reinforced  insulation)  9¥U31940El

s N I Audusiaasiu viradaunlasau ) N i s

Tuszuungsavinnaesginsniudasiuniasinwsadiugause
adpuLiaLliugnanses anldatnsndulasdiuniasiniaunu lduendou
az ldaun e lNAN AR AAUATNUENT LA UILLILINTZ AR
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Solar Rooftop system

3.2 nﬁiﬂ’aﬁﬁunﬂitﬁﬂlv\lgﬂ (electric shock)

34'1[5]?3"114 EIT,NEC mmg'm IEC
n1ssaasar(Grounding) n1snaasau(Earthing)
N136RAIALRITZUL INHAN e B e

(System grounding) (Functional earthing, FE)
nsstenaAuTeNE TN N9FDAYAUTBIALAULIBNTTI

(Equipment grounding) ‘(Protective earthing,PE)

perETTTTTETTTTTTH N




Solar Rooftop system

FusuAriaTE

Grounding system(IT)

1 1 a v Y a
szw‘luumsmaaa@u b 9nadIN d18

a v o Y (Y] 5
AWAI1Y2INW(PE) 1

v o : [ a 0 Y, Pv I 2 E B : 2995 14
AR AL L un156 089 B Ba NS Y | 8 AN fJ; .
1 > 1 d o o 5 i S | AN B g

© v o A A ) I \ i : b
Sludinasuasifawia tdaind 4 e J

AT NNANNGS
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Solar Rooftop system

3.3N15UaINUNSTSLALNY

nstlasnunsaaiitle PV string

v = LY A i v
maaumiﬁa@ﬂumatﬁtﬂﬂu PV string a1

((5,-1) % I o) > Iyiop max ocer

Model

Maximum power (Pmax)

Power toleranceé

harac'rerlsﬂcs
_Iecfrlcal c W‘

320 W
e
‘:_,W:“‘

8.46 A

W
Current at Pmax (Imp)
Short - circurt current (Isc)

ﬁ1nszLLa§aq@ﬁ1waw'm PV module A8 l4PV
o o e L (.Y dl
string HuAAIAINIIA ﬂ‘iuLLﬁﬁﬂﬁ!W’ﬂ

Ly VL v
PV module 51 6 (2a3yaannnde)

. g 1 Y a :’l €Y, [}
PV string Hnlsioasfansatnsaitlasiunssud

]

b

9.05 A
46.56 V

24.5 Kg

Open - circuit voltage (Voc)
Weight (Approximate)

1956 x 992 X 40 mm

Dimension (mm.)

15 A

Maximum series fuse rating

1000 Vdc

Maximum System Voltage
All technical data Standard,

test condition (STC)

Air Mass (AM)

1.5

Irradiance

_Cell Temperature
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Solar Rooftop system

3.3N15URINUNTSUALNY

9.05A

mstlasnunssuaiit e PV string

v = Y A . Y
@]@QNﬂﬁ‘ﬁ@@ﬂ%ﬂﬁ&Lﬁm%eL% PV string M

9.05 A ( Max.fuse rate 15 A

((SA'I) X Isc MOD) > IMOD MAX OCPR
ﬁmszua;jaq@\mwamu PV module M8 IUPV 9.05 A
%’I a °| 1 1 dl
string HuAAIAINIIA ﬂ‘igktﬁfﬁﬂ?jﬂ"ﬂ
Y VL (Y] N 5
PV module 34 b® (@anaaneinge)
) ) o 9.05 A
. CY 1Y a w (1% [ o
PV string uuvlumaamﬂmqﬂﬂsmﬂaanuﬂmm
b
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Solar Rooftop system




Solar Rooftop system

*3 N15UANNUNSTZLALNY
* PV string

aRasNnIstaInunssudnuly PV string lWa15tun
ANMUUNITANNTD LATD UL A9

* PV string wsiazuaq anaazinisilasnuniaginsal
asnunszuaiiu 1Nnm /| Tnan

° 1.5x1

semop > <24 xl uazl </

SC MOD n MOD MAX OCPR

o« .S : _
WD |0 max ocpr NNNAT S X I\ op PV string m?gn
ﬂ’ﬂ“ll‘l«!’]‘l«!ﬁ")ﬁdﬂﬂLL@Q‘lﬂ‘é“LIﬂ’]%‘ﬂ’ﬂ\iﬂuﬂ’]ﬂ"lmqﬂﬂim
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Solar Rooftop system

(- >4 7~ 1
*34 ﬂ']ﬁ‘ﬂﬂﬂﬂuﬂﬂ]'lﬁ\l&lﬂw&?ﬂﬂ
oy 5 g Faded insulation T TP
aAY (Protection Against Earth g i
contact with mew/caso Q t;;/;?-
Faults) T ) €
a c a 1Y % \\ﬂ_’,,-«’\/-'
3.4.2 aurasimasmeluliindaundas i s £8 |
(Transformerless Inverter) 1 / |
vnusassRulaansagumindi(Functional l | e W l
earthing) d1u5uAUINNNTzLA Ll WWIAU I i
NTLUARNTI
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Solar Rooftop system

Grounding system

Mouta Exposod conducim parls

HELLD

R~
TN-5 system TN-C system TT system
Grounded system Grounded system Grounded system
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Solar Rooftop system

Grounding system

5 o 5D et

TN-C-S system (Uszwmalnaldlu AC system)

Grounded system
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Solar Rooftop system

Grounding system

Neutral Exposed conductive parts
ts-::Lledm Eal;m
impedance-earthed

. B R & & % § R B N &

“bh=

FE

1T system | ’Lﬂmmwuuwumw
Uaannegs ABINNTANNADLLDS
\ T YRR

FTIATLLNN

Ungrounded system
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Solar Rooftop system

Earthing System TN-C TN-5 11} IT-1st fault
System System System System
fault current sirong sirong medium weak
Id = 20 kA Id = 20 kA Id =20 A id=01A
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Solar Rooftop system

Gnd-donnkcted
inkert Switchboard

- Grid

Voltage source
AC 3p(1p)400 V/230 V, 50Hz
Grounded system(TN-C-S)

Can be switch off 18 g3 Aolszia3gAna



Solar Rooftop system

)\

Vv ari ay

4"0‘ 009 o+¢ .. Gnd-confect
y—rov RIS ¢¢ 4+ ++ + 4 .

+ + . Sgiey “ e ‘. WEerger
...“.“[“.“. DC 1solator
b3 ee s

88!8813
llll H

DC-side

Current source

DC 1000 V,1500 V

Ungrounded system(IT) - Fault current-very low(mA)

System remain continuity

Cannot be switch off ‘ Serious hazard(Z“d fault)

wle g3 nelsziadgeing




Solar Rooftop system

I T system 1%t Fault IT system 2" Fault
(15t fault not eliminated)
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Solar Rooftop system

AAINNITATIAAUATAITNAIUNY PV
array  tpe191nsaingaadnAIauIuRIN
IEC 61557-2 vi7a ailnsailinsmaauou
(insulation monitoring device, IMD) A1«

Annex C 184 |[EC 61557-8

PUINNITATIRAUATAITH I URUIUTZIAIIN
PV array WneuAuAuAIAINGT R oA

DUNDTADTUEANITNINU (shutdown)

wnm PV array
kW

<20
>2001<30
>300:<50
> 50 0:<100

> 100 73 < 200

> 200 71 <400

> 400n¢ < 500
> 500

ArAaNiluauIusgaszuing PV

array waununu

(Rymie)y KO
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Solar Rooftop system

1566996 URWBIBHNANSSY (Insulation alarm)
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Solar Rooftop system

* 5 N15UBAINUNANTEZNUATNNNINILAZULTIAULNY

® (Protection Against Effect of Lightning and Overvoltage

WeasAuanalluauAsIEse
TAsIASLAS AL NIFAALTAN IEN1S
uannilseansnnngadrvsunis
asnuAnudauasalasIass
Aa N5 lgseuulasnunwiei 4

sznaumnas

52UURINUNINIARUAN

srULRINUNINI N8N8 T
AYTRAL@aNIzLY solar

rooftopriussuuaaii wisald




Solar Rooftop system

5 N1SUBRINUNANTZNUANNWIHILAZULSIAULN U

(Protection Against Effect of Lightning and Overvoltage)

§UUURINUNIHINYUDN

mmsﬁ‘lﬂﬁs“uudaﬂ'\
mﬁ‘mmm PV array uus1ang ummmmmvmﬁﬁmimmq
AITE GRI-T mLLmﬂmm@uu”l,mmvuuﬁmﬂuﬁwmm Al

"WLﬂ%%@ﬁﬁﬁ]ﬂﬂﬁ]@ﬁ]ﬂ?ﬁﬁﬂﬂﬁﬂﬂﬂuﬁﬂ NWLWQ\ILI?]Q\I
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Solar Rooftop system

FUUURINUNININIYUAN

WPV array lasunnstlasiumaaszuutlaaiuindn

|
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21M15NNTEUUANN ,
284 PV array wazszuudasiuinennauanldlils iie
flasiunszuainnunagan rarnudaufithulavzans Py
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2. ihaafiu
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Solar Rooftop system
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Solar Rooftop system

A5AALUUINY (IEC 62305 Ed.2, Clause 6.3.2)

s= ;’:’—"kc"' (m)

m

Q@ g = S Aa
| ULV INIUIRIAU ')ﬂﬂ"lﬂ?ﬂ‘ﬂ'ﬂﬂjﬁnﬂ
& o va € 4 = o
wWwuTNITLLN nuqﬁnumsﬂ's:mu‘lmﬁnUtmmm

vt
1nan q9

J y & - | Qe R '
k, muagnnmsmansmumsﬂaonuﬂwm
(IEC 62305 Ed.2, Table 10)

Class of LPS K;
| 0.08
I 0.06
Illand IV 0.04

SrgsuanNtNanNUaaang (Separation Distance)

& ) G A w
k, Tuaniiaenldiduaniulii
(IEC 62305 Ed.2, Table 11)

Material K,
Air 1
Concrete, bricks 0.5

& | o @ o =
kc muagnummummamu
(IEC 62305 Ed.2, Table 12)

Number of down conductor K,
1
{(only in case of an isolated 1
lightning Protection system)
2 0.66
3 and more 0.44
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Solar Rooftop system

sryuULaINUNIN1aNe Y

ainsalifasnuigsa ailnsalifainuigsa
class Il #ignnaaay class Il #ignnaaay
alnsaifasnuidsa ansaifasnuidsa
class Il #ignnaaay class | ignnaaay
alnsaifasnuidsa ainsaifasnuidsa

class | ignnaaay class | ignnaaay

w
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Solar Rooftop system

5 N1SURINUNANSTZNUAINNWIHILAZULSIAULN U

(Protection Against Effect of Lightning and Overvoltage)
mssaua1eiilwassay (wiring loops)

NDAAUUIAUDILTIAWLNLALUIRIN

v 1

W MIAUFIEIDS PV array QITHNU

A "

wzawvasdavh iiniaeiye
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Solar Rooftop system

U
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Solar Rooftop system

BT

N o
\\
/-— \\ I/ [~
\

1. Unbroken conductor:

The flow of current is uninhibited.

2. Damaged conductor (increased resistance):

The current density is increased.

The temperature of the conductor rises.

The conductor melts.

. Interrupted conductor (failure in continuity):

The conductor is destroyed by heat.

Plasma is created due to ionization.

The current lows in the form of an electric ar

* Temperature reaching above 30

0

0T, easily causes fi'ss.l
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Solar Rooftop system SSSsss

—
s B a2,
e~

DC Arc Fault Has Been Found the Major
Cause of Fire in PV System

Where Does Arc Fault Occur in PV System ?

Poor welded PV module junction box, broken PV cables, loosen
or incompatible PV connectors, et

w
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Solar Rooftop system

A15149 12 NNAUINSTEAURY PV CABLE

ambient temperature 60°C

YUIANUANUIAR vt 1 29asiauludas

LAUANE

(A)

(Sg.mm.)

70

a W

3
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Solar Rooftop system

A15149 21 NNAUINTELAURY PV
CABLE # ambient temperature 70°C

AUIANBANUIAR varda 1 29asiauludas

LAUENE

(A)

(Sg.mm.)

[EY
Ul

==
O

|
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a W
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Solar Rooftop system

Connector - MC4 (IEC 62852)
Same type

Same manufacture

Multi-Contact MC4 male (above) and female (below) connectors. (Source: Multi-Contact AG.)
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Solar Rooftop system

4.3.12 Arc Fault Circuit Interrupter

v
v (94

A9FAARY AFCl NINATUNTZLARNINURIRUNATIAaT WAt e unnsLiA
WA M IUA9 NN AN EANTEIANNA1TA (arc faul) WAZARAINATNIGANL

nezLdngane 1 2.5 U IENANAAIMNEANTAIAINAN (arc fault)
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Solar Rooftop system

System cannot be switch off

3
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Solar Rooftop system

uuuwﬂﬂmqmﬂﬂmu (Rapld Shutdown)

— 30 V,30s
<80 V, 30s

Outside Auay Boundary

side Arr.
' !
I
l

- < 2 > "
!
!
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[ I

| 1

\ 4
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Solar Rooftop system

4.3.13 aUnsaivieay191anNA% (rapid shutdown)

QL
6 A A Y

SEUUNAG NI ANE I ULE IO NG @ 691U

AR5 AR

I
6 o ¥V

PRI NUNTUNYIMIN VAT URNIR

aUnIalngAnIeIURNLAY
(=Y -1
WA weaso19ing foydnuaifaathy

ﬁqﬁnueﬁmquuﬁu%‘um
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Solar Rooftop system

- 1,000Vdc thwaganetel

- 1,500Vdc aTsaue]

- System cannot be switch
off

- MIMNANNFLR PV

- AN

- NAN9AN
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Solar Rooftop system

52U Solar Rooftop Nuaanne

n f] ﬁﬂ ﬂ ﬂ LLu 1—' AranssuanuuisUszmelne lunssususgudun

The Engineering Institute of Thailand H.M. The King’s Patronage

= L4 d 1AsgIumM AR nindmiuusemalne :
N ﬁ L@ a2 ﬂol"ﬁ‘ﬂq ﬂ ﬂ ﬁm szuun1seanlifiannassuLEIeing

NAARIUUNAIAT
W.A. 2565

24

Thai Electrical Code :

o\ (- 94
ﬂf] ﬁ ﬁl ﬂ GN Solar Rooftop Power Supply Installations

2022

N1511995N 1

UINTFIU 28N, 022013-22
EIT Standard 022013-22

a W

3
e g3 nellsziagend

a8




