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Solar Rooftop system
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Solar Rooftop system !

Contents :

 Solar PV Trends

 Basic DC circuits (series,parallel,shading)

 Arc Fault Protection

 Rapid Shutdown System

* Protection Against Electric Shock

 Protection Against Earth Faults

 Overcurrent protection

 Protection Against Effect of Lightning and Overvoltage
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Solar PV Trends

Advantages of solar PV

no harmful greenhouse gas emissions
,environmentally friendly

pMZ,S

vl V. No,

l‘ - o
e\ Using solar power instead of f

AN\ fuels helps to reduce the carb
A dioxide emissions and other
pollutants in our atmosphere.




Solar PV Trends

Advantages of solar PV

can be made available almost
anywhere there is sunlight
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Solar PV Trends

Advantages of solar PV

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




Advantages of solar PV
no mechanically moving parts ,operating
and maintenance costs to be low, almost
negligible, compared to costs of other
renewable energy systems
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WIND GEOTHER MAL. e tubineis connected

to a generator that

6.6% giobal electricity generation (2021) <196 global electricity generation (2021) produces electricity.
<---- S e e

Wind flows over the blades of a wind As the water reaches the e

turbine, creating mechanical power SrEs e Cige ot surface, it boils over into

by turning the blades. steam, which rotates a

-~ sm=~ steam turbine.

2) >

The blades are connected

to a drive shaft that turns -~ e a Hotwa":erfromund:mvpu
an electric generator to reservoirs ls“pumpe using
produce electricity. R e Cezman o= pipes or wells.

[_,

S

o)

Filve Major Types of

SOLAR R ENEWARBILE RO

3.72% global electricity 15.3%2 global electricity
generation (2021) generation (2021)

Photovoltaic (PV) cells contain
thin semiconductor wafers,
forming an electric field.

Global renewable energy capacity is il
expanding at a record pace. What are O
the major types of renewables, and 9
how do they work?

Dams or other diversion
structures alter the natural
flow of water to increase
its elevation and volume.

When light hits the cell, o
et e naoien $114

loose from the ’ COSE par MWH
semiconductor material

and move in response
\ to the electric field.

Water flows through the dam,

generating mechanical energy
that spins a turbine connected
to an electric generator.

> —1

This generates electricity,
transferred through metal
conductors on the PV cell.

Steam rotates the blades of a

BIOMASS e et s
2 .39 giobal electricity e that produces electricity.
generation (2021) ——

Biomass is burned
in a boiler to
produce steam.

Biomass can also be
converted into other liquid
or gaseous fuels used to

* Represents the lifetime
cost of a new power plant
divided by total generation

ECEmMENTS o] | ettt Lot s b Al e ok ot ek b B i ELEMENTS.VISUALCARITALIST.COM




Solar PV Trends
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- |
Tunisdszau COP 28 & 130 - | :
T . GHG emission reduction y 11%
- T T e target in 2030 43% (GHG emission target in the latest NDC of
ﬂ?uLVl ﬁiuﬂquuquUquﬂqaq :ﬁ?;g{g?;\?el & (COP28 Outcome) 333 MtCO,e in 2030, compared to
a o = < i d the actual emission of 373 MtCO,e in 2019)
NFHAANRI UYWL ULLY 3
1 o a oD L4 Share of renewable *;-:-_ 12%
WNLasNNLszaNEnIwnS L cnergytototal | BSB | (ntemations!Energy - 19%
o - : ~ energy supply in 2020 I AeRbT) (International Energy Agency)
wWaguLilu 2 winnaluil 2030
Lﬁﬂ’iﬂﬁﬂﬂﬂﬁLﬁN‘iumﬂﬁﬂmMﬂﬁ Share of renewable \\__/\ 37% 30% of final energy consumption and
e : = energy target l l of energy supply by 2030 34% of electricity supply by 2037
T@ ﬂ‘l&lol‘]ﬁ LNUY 1. 5 R39ALDAR L%ﬂ A (COP28 Outcome) (Alternative Energy Development Plan 2018-2037)
Net zero @ 2050 2065
emission target (COP28 Outcome) (Thailand’s 2nd Updated NDC)

Source: International Energy Agency (IEA), Office of Natural Resources and Environmental Policy and Planning (ONEP),
Department of Alternative Energy Development and Efficiency (DEDE), UAE Consensus, Krungsri Research




France requires all new buildings
to have green roofs or solar panels

Tokyo will require new homes
built from 2025 to have solar
panels




Solar PV Trends

aulngig ! asu. lW@ea ‘Aaloarsuin’
angauUNTE LA LAY 2 nauun

Fuil 24 fiquieu 2568 - 18:15 v,

@BR0B

fitlszguanieiguust g Taumiiusanms
foiaunraensznIranasuiassneusag 2
UWWANTSUAN LA 1.NN1989LETHNTA9N LAY
nsdSuiLAtuedassns gunsadlsz@nanIn
49 Lmzf'a”mrfgLﬁ@m?mﬁﬂr’mﬁqmuﬁfmmmmi
NN

2 mMsdasunnsinse Solar Rooftop lu
thuagianAasaenmsn1meni Tnaaiunem

Fnanudaun 1=1lane 200,000 LN




Solar PV Trends

Global electricity generation by source, TWh

Solar is expected to
become the world's largest
source of electricity by 2033

Coal

/_/\_/\/’\

Gas

wind

Hydro
Nuclear

L I L L T

2010 2015 2020 2025 2030 2035 2040 2045 2050

Source: World Energy Outlook 2024 carbonBrief

LIRS




= =
IAINTHR
=
ANTN

SEAUNISTANEN
1|4, 1l4.
Usoyau1ms n an

luaygndsznavlgndn

NMAAINS
ANNTUIAINS
A1IAINSG

Q
=N (=

NMAAAINTNLA

wmsgrumsannemslvidmiulszmalne :
sruumsHaalwiaInwasaug de01fing
NRARIVUNAIAN
W.f. 2565

Thai Electrical Code :
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Thailand Eléctricallinstaliation Standard :
Solar Rooftop Power Supply Installations

wuwnson 1
WOFIDMEU W.F. 2559

wasgiu oan. 022013-59
EIT Standard 022013-16

Saonssuamuirousinaling Tuws:ususiguiun
The Engineering Institute of Thailand under H,M, The King's Patronage
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The Engineering Institute of Thailand H.M. The King’s Patronage
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szuUNISHAA TN INWAIULER TiInd
NAAAIUUNAIAT
W.A. 2565

Thai Electrical Code :
Solar Rooftop Power Supply Installations
2022
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EIT Standard 022013-22

a

SZ-ET0220 WL © 8957 WMLBMIMANNLEEZMALILUNNILAN AUILLEERTINLELZMULALIN|UZHELUNNZS | AWML [ALALELIK LAt uBLLUNGES Lt

EE

dNn. 022013-25
EIT 022013-25

wnsgrunsanramsiwidmiuUssnalne ;
szuuNsHAA RN INWASSLLEITiIng
KATSEUUANIAUNS1IULUALADS

W.A. 2568

Thai Electrical Code :
Solar Power Supply and Battery
Energy Storage System 2025
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The Engineering Institute of Thailand under H.M. The King's Patronage
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(2)

182NN

1 T9997u A

mumuqum@ﬁmﬁ”’q e ULINAR MR NNAIILL
useaulningegn 1000 Vdc
1unanIaINangIN(Inverter 150 x 6)= 900
yaA19uszLL W 24,000,000.- 1w

Hulssundndudiusifalnatind dangnawnssuufih

ANBU=UIAAINGSH

AUAN

dezLanauidsanssuauAN

(4) vuAuANNIS

ASNUA=HAR

1) szuuvdagilnsailvvh

ngnsznsaeclud (6 n.A. 65)
AAanssNINNY @uatisauld 2 8.a. 66 )

> 1,000 kVA. / L-L > 12 kv.

2) szuulWvrdwiuatans
8150 UA=DIANSATILANMS LD
ANNNgWNIE

> 200 kVA. '/

3) szuu uﬂzlﬁéﬂﬂ;ﬂiﬂﬁlﬂﬁ"l

= 20 KW (Total)

4) sz‘uu‘lﬂ#’lim%’umn'ﬁmunqunrfl;
lfnﬁu%'mq-ﬁ'umﬂﬂmmm'f'mqmﬁﬂ;
uazdnalalu

yadszLannnaun

5) szuuAANMLIAaUaRAASWAE ST
dasiuhiranmsgs sunnluaifiee
EALREL T
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DC side

Aranssusniuuwisdszmelne Tunssususaguiug
The Engineering Institute of Thalland HM. The King's Patronage

wmsgrunsanaansliihdmivdszmelne :

sruunsraalimnwasuuaseiing
finansUUNEIA
W.A. 2565
Thai Electrical Code :

Solar Rooftop Power Supply Installations
2022

MG . 02201322
EIT Standard 022013-22

|IEC 62109-2
MEA,PEA

(Zero export ,Anti
Islanding,etc.)

AC side

Solar Rooftop system
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The Engineering Institute of Thailand under H.M. The King
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W.A. 2564

Thai Electrical Code
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Solar Rooftop system L

The basic of how solar cell works

Single Junction Photovoltaic Cell

Electron is emitted when O

the cell is shine with light Negative

Electrode
N - Type
Semiconductor

p-n junction

P - Type
Semiconductor
Positive
Electrode

When the photons in the
sunlight hit the solar cell and
removes an electron from
the n-region (with high
electron concentration), the
dislodged electron escapes
from this region, and
through a circuit, reaches the
p-region (low electron
concentration). This flow of

electrons constitutes the
electricity



Solar Rooftop system

PV = Photovoltaic = photo + voltaic

= light + electric

PV module
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Solar Rooftop system
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Solar Rooftop system

|-V characteristic curve

|-V Curve
ISC \ Pmax
PV Cell I Impp
? AN\N—O

Photon 2
&
£
]
= Power Curve
=
o

Voltage Umpp  Uoc
Standard TeSt Cond |t|0nS (STC) Power output plotted for each point on the I-V curve

All modules are tested at STC under international standards:
* Cell temperature of 25°C

* [rradiance of 1,000 W/m2
 Air mass of 1.5




Solar Rooftop system

The output and characteristics of the PV modules
are affected by

-Irradiance
-Temperature




Solar Rooftop system

Effect of Irradiance

Maximum power increases with increasing irradiance

Maximum power voltage changes little with irradiance

Current increases with
1000 W/m? A constant resistance

750 W/m?

Current

500 W/m?

250 W/m?

Voc changes little
with irradiance

Constant
Vo Itage Temperature




GLOBAL HORIZONTAL IRRADIATION ASIA

=

A B A y
¢ o~ S
x r..{," Ty , 108
- U . - o g, Solarresourcgimap © 2021 Solargis
GHI: Long-term average of global horizontal irradiation, period 1999-2020 in the Western and Central Asia, 2007-2020 in the Eastern Asia 500 km
Yearly totals: 800 1000 1200 1400 8 2200 2400
kWh/m?

L i
Daily totals: ~ 2.19 274 3.29 3.83 6.02

6.57

This map is licensed by Solargis under the Creative Commons Attribution license (CC BY-SA 4.0). You are encouraged to use content of the map to benefit yourself and others in creative ways. For more please visit http://solargis

Today - 26 April

Hours A\

07:00

08:00

09:00

10:00

11:00

12:00

13.00

14:.00

15:00

16:00

17:00

18:00

Total: 7068 wh/m?

131 wm?

374 wim?

602 wim?

788 wim?

913 wm?

968 wim?

950 wim?

859 wim?

703 wim?2

494 wim?

253 wim?

33 wim?




NORMAL
VECTOR

Aunuananga Ae azduanioela

in Bangkok, a tilt angle 13.5°




Solar Rooftop system e

Effect of Temperature

Current

£ Increasing
temperature

reduces
power output

Increasing
temperature
increases current

Increasing temperature 4

reduces voltage \ \
T=0°C B

1
T=25°C B

T=50°C —Pp

For monocrystalline PV
cells power decrease
0.3-0.4% per each
degree Celsius rise in

operating temperature
above STC

Voltage










Solar Rooftop system

Shaded Panels

'y 'A‘" % O'S} N

3V
I I I
\ £5 o
V Vv V causing reduced performance and potential damage




Solar Rooftop system
Shaded Panels Bypass Diodes

; A/lJ 1 fad bt e

N
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Solar Rooftop system ¢

Shaded Panels

System Voltage= The lowest string voltage

‘
g causing reduced performance and potential damage
J

N\

3V







Solar Rooftop system '

2.1.6 ULUVN19ADDWNTN-UL1

PV array éi’aagnaanw.ueuLﬁaﬂaaﬁunszuavlwmmw‘lu PV array lagfl PV string Tuuaazuafiiansarwiuiuaaefiissnwar9asuana19ns
Tsiifiss 5%

Qldln o

Y a i 1 Y] i ' Y o I| Y] 6 v o w [y} 1Y)
Nadseansmndouacanaussaudl luinw (mismatch) PV module nnmﬁmnuqﬂnsmuﬂaawumaavlw‘v\hvmmmua;mn1mv|,w"1'7\|1§aegmﬁmnu

(] a [ o 1 1 @ i v a1 W 6 v o w ia o w [
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Solar Rooftop system

141 lalapnunszusd (blocking diode)

iﬁia@ﬁ@iaawmuﬁu PV module, PV string, PV sub-array
uay PV amray ietlasmuldlinszualwadaunaulylugnsal

PV module, PV string, PV sub-array Wa¢ PV array

.43 lalandadis (bypass diode)

ai 1 ¥ d! 6§ A 1 di v
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A block of flats in Bethnal
Green, east London, caught
fire last Sunday with around
80 firefighters attending the
scene and initial
suggestions are that the
solar panels appear to have

caught fire.
Jul 9, 2017




Japan’s largest PV
power plant,
inaugurated by
Kyocera in March
2018 at the Yamakura

Dam in Ichihara City.



https://www.pv-magazine.com/2018/03/27/kyocera-jv-inaugurates-13-7-mw-floating-pv-plant-in-japan/
https://www.pv-magazine.com/2018/03/27/kyocera-jv-inaugurates-13-7-mw-floating-pv-plant-in-japan/
https://www.pv-magazine.com/2018/03/27/kyocera-jv-inaugurates-13-7-mw-floating-pv-plant-in-japan/

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




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)
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Arc Fault Circuit Interrupter
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DC Arc Fault has been found the
major cause of fire in PV system?

What does Arc Fault Occur in PV system?
1. Incompatible DC connectors

2. Broken DC connectors or PV cables.
3. Poor welding in the junction box of the PV
module




Unbroken conductor:

The flow of current is uninhibited.

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 flows in the form of an electric arc.
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Voltage in AC Circuit Voltage in DC circuit
Time i Time
Voltage >0Hz Voltage




Arc Fault Circuit Interrupter
Connector - MC4 (IEC 62852)

Same type

Same manufacture

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




Arc Fault Circuit Interrupter
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Arc Fault Circuit Interrupter

DC Arc fault @1815auente 3 Uszinn

. a dl o = a ¢ dl = 1 =
1. Series Arc fault AZNALNATEUL Solar V]’]Q’]%LL@ZNTW?%LLZQLL@Z@zLﬂﬁﬂ’]?‘ﬂ’]?ﬂLN@NQ@M@ﬁlu’&’WEI‘M’:'J‘@

AU TUANRIAANIIALUNE 1T AARAITNINILENABLNN AnedaLanTadaaLaaLie lmanfaa dm9sonN9qe

o a

1nngsing 7] TuuNasae aAriaaed disconnector switch qasanaunafines AaaAauIasae DC 5 7

D

LAl

2. Parallel Arc Fault LNARNnasiaLiaszly solar MNIULAZHNIZLEI NN LI LN ALTIANR 1N AN
LAV UILABIVIIZBITN

3. To ground Arc Fault N13aIngmaIndauanvsaau ldlasaasnsasvsalulasasengiosvaglu

9211 Floating NMFAATNAAINNNTAE UL U RUILNENTLAEIALNTY

niaiiantsanfativatanaanuuulasuinienaawmun llidugtluuvaule i ifinain Series Arc Fault

uananu il Parallel Arc Fault



e

DA

,f'\/,/

Module

N

=

ooy

T T

AFCI (Arc Fault Circuit Interrupter)
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Mrmaas

~ To grid

Inverter/Transformer

L]

In-line: S - Series Arcing
Line-line:
P — Parallel Arcing

AFCl stipulated in UL

1699B only works for
series arcing

G - Grounding Arcing

IEC 63027 covers the
testing of arc detection
and response times of
interruption equipment’s
used for serial arcs within
PV circuits




Arc Fault Circuit Interrupter

4.3.12 Arc Fault Circuit Interrupter
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Arc Fault Circuit Interrupter
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v
% v o %

1. AABANINTANALAIDULNDTLART

N195ARINI W Auasines visandsenauiuanlusawafinasn1anasaNngHae

(Optional) NNENARALYIINITABNULLUASNAGBLATNNIATFIBLATAN U NN TBNTEL &

v
a Qs

v 11 dl v 2// di Y v o = £ 1A 1 ?x//
LEITBAILFI TSRS E R UL memm\ﬂﬂLLmmmmmﬂ,ﬂmmﬂﬁmmmu ANBUBNTUUL 7

AFCI built Inverter




Arc Fault Circuit Interrupter

2. AnFanieuan aeqilnenl AFCI inaaismnIne I IaRasana T unasinas Ine

Unsuanazluldadamaniuiudnnasinas

Inverter external AFCI

BAAE -

AFCI device

mounted in MNon-AFCI Inverter
DC combiner

UL 16998, IEC 63027
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Major system components

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.



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 i

400- 600 1000Vdc emsiiegersia
800-1000 1500Vdc exmsiial

Mounting
™ System

Utility

Pole
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Rapid shutdown

4.3.13 aUnsnivieay191aNA% (rapid shutdown)
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Rapid shutdown

TLUVNYANINIURAURAU (Rapid Shutdown)
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Rapid shutdown

ﬁzuuwaﬂﬁmuamﬁu (Rapid Shutdown)
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Rapid shutdown

FEUUHEAMNURNRAY (Rapid Shutdown)
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Rapid shutdown

® Voltage 400 Vdc or more
System cannot be switch
off
* MIMANNFZR PV
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Rapid shutdown
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