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Solar Rooftop system
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Solar Rooftop system
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Solar Rooftop system €3

Contents :

 Basic DC circuits (series,parallel,shading)

 Arc Fault Protection

e Rapid Shutdown System

 Protection Against Electric Shock

 Protection Against Earth Faults

 Overcurrent protection

 Protection Against Effect of Lightning and Overvoltage




Solar PV Trends

Advantages of solar PV

no harmful greenhouse gas emissions
,environmentally friendly

pMZ,S
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“ - -
. Using solar power instead of f

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




Solar PV Trends

Advantages of solar PV

can be made available almost
anywhere there is sunlight




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

BIOMASS ENERGY
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6.6% global electricity generation (2021) <196 global electricity generation (2021) produces electricity.

Wind flows over the blades of a wind As the water reaches the e
turbine, creating mechanical power <--n- SO~ surface, it boils over into

by turning the blades. steam, which rotates a
S sm=~ steam turbine.

The blades are connected
to a drive shaft that turns S o
an electric generator to
produce electricity. = i mmmmx ges

[_,

Hot water from undergrou:
reservoirs is pumped using
pipes or wells.
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Filve Major Types of
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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
expanding at a record pace. What are
the major types of renewables, and
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, 0
electrons are knocked $114
loose from the B Ost per MW
semiconductor material
and move in response
to the electric field.

"%cl:]

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

Water flows through the dam,

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

Steam rotates the blades of a
turbine connected to a generator
that produces electricity.

Biomass is burned
in a boiler to
produce steam.

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

generate electricity.

BIOMASS

2.3%2% global electricity
generation (2021)

* Represents the lifetime
cost of a new power plant
divided by total generation
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Department of Energy, Our World in Data,



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

Global power capacity by source in the Stated Policies Scenario
Solar PV
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Solar Rooftop Power Supply Installation
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Thai Electrical code

Solar Rooftop Power Supply Installation
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Solar Rooftop Power Supply Installation

Thai Electrical code
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Figure 4. Dark green SolarWall collectors on three walls of & bus garage, New York City.
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Thai Electrical code

Solar Rooftop Power Su
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Thal Electrical code _
Solar Rooftop Power Supply Installation
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Solar Rooftop system
DC side AC side

PV array
SEEauBa Grid-donnpcted
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Solar Rooftop system

PV = Photovoltaic = photo + voltaic

= light + electric

PV module
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Solar Rooftop system

+
e

+4
4

PV array

PV string

in parallel
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In series

PV modules




Solar Rooftop system

|-V characteristic curve

|-V Curve
ISC \ Pmax
PV Cell rs Impp
’ ANAN—O

Photon S
&
£
[
™ Power Curve
=
o

Voltage Unmpp  Uoc
Standard TeSt Cond I'[IOHS (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

e [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?2 A constant resistance

750 W/m?

Current

500 W/m?

250 W/m?

Voc changes little
with irradiance

Constant
Voltage Temperature




Saturday - 22 April

Hours A Total: 7415 wh/m?
07:00 CE——— 194 w/m?
08:00 G 427 w/m?
09:00 633 w/m?
10: 00 796 w/m?
11 ) 907 w/m?
12:00 s 957 w/m?
13:00 IS 943 w/m?
14 00 866 w/m?
15: 00 732 wim?
16:00  CE 548 w/m?
17:00 CO 327 wim?
18:00 emm—— 85 w/m’

10°'s

2o g Solar resourca@map © 2021 Solargis

500 km

Yearly totals: 800 1000 1200 1400

&
Daily totals: 219 2.74 3.29 3.83

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




Solar Rooftop system L

Effect of Temperature

Current

S Increasing

temperature

reduces
power output

Increasing
temperature
increases current

Increasing temperature 4

reduces voltage \ \
T=0°C 5

1
T=25°C .

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
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Solar Rooftop system
Shaded Panels Bypass Diodes
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Solar Rooftop system (&

Shaded Panels

System Voltage= The lowest string voltage

i .

A

. causing reduced performance and potential damage
] .

A

N\
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Solar Rooftop system ~
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Solar Rooftop system

141 lalapnunszusd (blocking diode)

VL@I@@ﬁ@'iaakmmﬁu PV module, PV string, PV sub-array
uay PV amray ietlasmuldlinszualwadaunaulylugnsal

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

143 lalaasadis (bypass diode)

A v 2 6§ A LA 1%
lolaafidadhn PV cell wihaigaa viasnniuioaynna i

¥ Kﬂil % A o A ail
nsvuaNaangniussvizatse lulufemefinszualna lu
matlosfiugasarioiras fumesuiosnainusaueaunad

NNEaaaul PV Module 1

Bypass & Blocking Diodes
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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

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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Arc Fault Circuit Interrupter

Voltage in AC Circuit Voltage in DC circuit

Time Time

Voltage 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

suluuvaaALLA
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Arc Fault Circult Interrupter

DC Arc fault @18150uente 3 Usznn

. a dl o = a ¢ dl = 1 =
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D

LAl
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3. To ground Arc Fault N13aInsamaIndauanuzaau ldlasaasnsasvsa lulasasengo gl
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Module
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AFCI (Arc Fault Circuit Interrupter)

. -

~ To grid

Inverter/Transformer

L

In-line: 5 - 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 Circult Interrupter
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AFCI built Inverter




Arc Fault Circuit Interrupter

2. AinFanieuan aaginenl AFCI snaaisRnIne l IaRasanalucaunasinas Ine

Unsuanazluldadamaniuiudunasinas

Inverter external AFCI

AFCI device
mounted in Non-AFCI Inverter

DC combiner




L %4 = ¢ Y
HYDIUIA.T. MItaulan 5

BRUNA YN 40
UANABIATNI NFANNNHIUAS

d;l v :i o d
INDIUN 3 NHMNUD 2565




TOAUWAY &.0.W. U 1NFU 2.10 MDA viLge dsziiudoiumsel asnadeudaaniatazszuy I
A Yo A v (oY = Yo A oY a Y A A 1 Y o
o lasumsguduanmsaa Iihainms i 39 latatuaumasluemsiinams newdian
= ~ g}J %} v A (% a 3}1 a oA 1 L=
91MIUMINTAOVDNATY TaglFhaniinadumasnuiuneumsUia Tae lunsuninms
Y
aans solar rooftop vunasm




QU

‘17]3J VWAL IUe1A15 2 W L%WﬂﬂﬂWHﬁHWﬂlﬂuﬂﬂﬂﬂi’J WU Lfﬂﬁ’iuTV]WULWﬂQ VWYY 1-2 3J’E]1ﬂ1i°]5”l
17]"1]16191118 Hae N@Wﬂﬁﬂ’muﬁﬂ‘ﬂ’]ﬂ’i’t)l!‘l/]elﬂ“]ﬂﬂ’t)EJNTL!LL'?Q NYINATIVTDU ﬁ'iJNﬁIﬂuﬂ’ﬂlli’ﬁ]u‘V]
I A

!f]J‘L!ﬁ'\TGIJ’EN‘I’i’i’OUlﬂJ LmhlﬂJWUﬁ'QGU’EN mmma”lﬂﬁwma‘lumu fl]QVlﬂﬁﬂﬁuiﬂﬂﬂuﬂuﬂﬂﬂ"l]"lﬂ‘l/]iﬂm‘l/iﬁ




Sfdw

mmimmw ‘lJ’E]\‘lL*DTI/i’HTV]ﬂ‘ULWﬂ\‘l
o g R nersuadging




Solar Rooftop system L&

Major system components
e 5 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

400- 680 1000Vdc oxmsitegersis
800-1000 1500Vdc exmsiial

n System

Mounting
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Rapid shutdown

4.3.13 aUnaaiveay191aniA (rapid shutdown)
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Rapid shutdown

suuvganauanaY (Rapid Shutdown)
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Rapid shutdown

seuuvganIauRnmY (Rapid Shutdown)
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Rapid shutdown

JEUUNgANINIURNRY (Rapid Shutdown)
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Rapid shutdown

® Voltage 400 Vdc or more
System cannot be switch
off
°* MINANNFZDN PV
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