


MASA
HARI

HARI PERTAMA

HARI KEDUA

HARI KETIGA

8.30 Pg - 9.00 Pg

PEMBUKAAN & PRE TEST

KURSUS DESIGNING OF GRID CONNECTED SOLAR
PV SYSTEMS

(11 - 13 OKTOBER 2021)

9.00 Pg - 10.30 Pg

SLOT1
Fundamental of RE Technology

Kandungan:
- Background
- RE Technology
- Solar PV system
Kaedah : Ceramah

Penceramah : ( Ir Dr Abdul Muhaimin )

SLOT 4

Teknologi Solar PV & Balance of System (BOS) — (sambungan)

Kandungan:
- Connection to the grid
- Interconnection issues
Kaedah : Ceramah

Penceramah : ( Ir Dr Abdul Muhaimin )

SLOT 7

Rekabentuk sistem grid connected solar PV - (sambungan)

Kandungan:
- Sizing of BOS components
- Penyediaan lukisan skematik
- System performance & evaluation
- Key performance indices
Kaedah : Ceramah & latihan

Penceramah : ( Ir Dr Abdul Muhaimin )
Fasilitator : ( Mohd Quyyum )

10.30 pg

11.00 Pg

1I9Vd WNNIW : LYH3Y

11.00 Pg - 1.00 tgh

SLOT 2

Asas kejuruteraan Sistem Solar Photovoltaic (PV)

Kandungan :
- Spesifikasi & standard MS1837
- Basic earth geography
- Solar-earth-collector geometry
- Availability of solar energy
Kaedah: Ceramah

Penceramah : ( Ir Dr Abdul Muhaimin )

SLOT 5
Rekabentuk sistem grid connected solar PV

Kandungan:
- Dimensioning of PV array
- Sizing of PV array to inverter
Kaedah : Ceramah & latihan

Penceramah : ( Ir Dr Abdul Muhaimin )
Fasilitator : ( Mohd Quyyum )

SLOT 8
Kerja berkumpulan

Kandungan:
- Case study of solar PV grid connected design
Kaedah : Latihan berkumpulan

Penceramah : ( Ir Dr Abdul Muhaimin )
Fasilitator : ( Mohd Quyyum )

1.00 ptg

2.30 Ptg

IHVHVONIL NWIVIA : LVHIY

2.30 Ptg - 4.30 Ptg

SLOT 3
Teknologi Solar PV & Balance of System (BOS)

Kandungan :

- Spesifikasi & standard MS62093
- PV cells, modules, string & array
- Electrical performance
- Balance of System components
Kaedah : Ceramah

Penceramah : ( Ir Dr Abdul Muhaimin )

SLOT 6
Rekabentuk sistem grid connected solar PV -
(sambungan)

Kandungan:
- Dimensioning of PV array
- Sizing of PV array to inverter
Kaedah : Ceramah & latihan

Penceramah : ( Ir Dr Abdul Muhaimin )
Fasilitator : ( Mohd Quyyum )
SLOT 9
Pemasangan sistem (hands-on), operasi &
penyelenggaraan

Kandungan:
- Spesifikasi & standard MS2692
- Testing and commissioning
- Operation and maintenance
Kaedah : Ceramah & Latihan Hands-on di lapangan

Penceramah : ( Ir Dr Abdul Muhaimin )
Fasilitator : ( Mohd Quyyum )



Objektif Latihan

Mengenalpasti komponen sistem “grid-connected solar PV”,
spesifikasi dan standard pemasangan sistem selaras dengan
MS1837;

Merekabentuk sistem grid-connected solar PV termasuk komponen

“Balance of System” (BOS) seperti inverter, Net Energy Metering
(NEM) dan pendawaian selaras dengan MS62093

Menganalisis tahap prestasi sistem grid-connected solar PV selaras
dengan MS61724

Membuat pengujian terhadap pemasangan sistem grid-
connected solar PV selaras dengan spesifikasi dan standard
MS2692




LATARBELAKANG

e Unit Perunding Tenaga
Lestari (UPTL) ditubuhkan
A untuk memberi khidmat
pakar dalam bidang Tenaga
Boleh Baharu (TBB) &
) Kecekapan Tenaga
e 17 tahun pengalaman &
kepakaran dalam bidang
teknologi solar A
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KHIDMAT PAKAR UPTL

&

- Pengkhususan kepada bidang
. Tenaga Boleh Baharu (TBB) &

\m TR Kecekapan Tenaga
= \ N * Rekabentuk, pengurusan
e

e\ \ s
AN s projek & penyelenggaran
\\\\ < | sistem TBB
\ 5\  Audit Tenaga bangunan
\ \\\i\\\\\\\\\\\\\ % ° Audit Prestasi system TBB
‘ \\\\\\\:\\Q\\\\‘\“

\
\ * Khidmat nasihat teknikal

\\\‘\ \ \\\*&\\\\
\ \1\\\3§\
A g;\\\\\‘f‘s.\ /  Penyediaan garis panduan &
o \di spesifikasi

\

ANTARA PENGLIBATAN UPTL DALAM BIDANG
TEKNOLOGI SOLAR

* Sistem Solar Hibrid untuk sekolah luar bandar
Semenanjung, Sabah & Sarawak dengan jumlah kapasiti

10 MW (316 buah sekolah)

* Program Solar Energy Purchasing (SEP) untuk Bangunan
Kerajaan

* Penyelenggaraan Sistem Solar Hibrid

* Menaiktaraf Stesen Solar Hibrid Pulau Kapas, Marang
 Sistem Solar untuk kawasan pelancongan Tasik Kenyir
* Sistem Solar Hibrid untuk Klinik Kesihatan luar bandar

PENCAPAIAN & MANFAAT
PENGLIBATAN UPKTE

o ASEAN ENERGY AWARD 2016 -
2nd Runners Up (Best
Practice Off-Grid Solar PV

— System)

2 °* Mewujudkan pasukan pakar -

Jll. #teamsolarJKR

&~ ° Penyelidikan &

Pembentangan kertas kerja -

dalam & lvar negara
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316 sekolan di Semenanjung,

@ | Sabah & Sarawak

10 Megawatt (Mw)

m Capaian bekalan elekirik 24 jam
T‘T kepada lebih 20,000 murid

Sabah dan guru



A : : : , NISIATIF CKE DALAM TENAGA BOLEH BAHARL
Powering a Sustainable Future in Malaysia INISIATIF CKE DALAM TENAGA BOLEH BAHARU

y 7,”,;;,2% Solar Energy Integrated Solar
//I// / llllil]»H rf’.é“tﬁ?i ) ' .
4 '/'/‘le /”’/IIZ”’//I,;Z;"' Rooftop solar PV Off-grid power
'/; , U ,'I"/Il[/ -, . . :
el it . installation for system solution for
“ buildings remote areas

Initiatives
Solar PV Energy
Integrated Storage
Management System (ESS)
System (SPV-IMS)
loT based information Energy storage as a
management system backup for buildings

for solar PV system energy supply




Senarai Projek UPTL

Sepanjang tempoh Pandemic COVID-79

RM675 juta -

Skop Perlaksanaan

Rekabentuk

- Perolehan

. Penyeliaan tapak

Operasi & Penyelenggaraan
~ Pelupusan Aset
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Projek Operasi & Penyelenggaraan Genset
Sekolah Luar Bandar Sarawak

763 buah genset

Rektifikasi, pembaikan, penggantian, pembekalan minyak,

operasi & penyelenggaraan




Projek Lampu Solar LED
Kg Orang Asli, Royal Belum, Gerik, Perak




Projek Lampu Solar LED
Kg Orang Asli, Royal Belum, Gerik, Perak

30 unit lampu solar LED
Penyerahan projek pada 4 September 2021

2021/09/0411:44




Projek Solar Hibrid

Sekolah Luar Bandar Sarawak

0.02 MW

Sistem solar hibrid -
konsep ISPV

SODIUM &

LITHIUM Battery
Energy Storage System



Program Solar Energy Purchasing (SEP)
’*untuk Bangunan Kerajaan

0

Y PURCHASING

[}

* Program Solar Energy Purchasing (SEP) untuk bangunan KKR dan JKR Malaysia telah dilancarkan oleh YB Dato’ Sri Haiji
Fadillah bin Haji Yusof, Menteri Kanan Kerja Raya pada 16hb Mac 2021.

* Program SEP berkonsep zero upfront cost dan zero capex ini mensasarkan pemasangan sistem solar di 12 buah
bangunan KKR & JKR Malaysia dengan kapasiti 1.2 MW, penjimatan bil elekirik sebanyak RM9.3 juta untuk tfempoh 21
tahun dan pengurangan pelepasan karbon sebanyak 819 tan CO, setahun.

e KKR dan JKR Malaysia akan menjadi peneraju untuk perlaksanaan program SEP yang lebih menyeluruh untuk
bangunan-bangunan Kerajaan yang lain ke arah penggunaan tenaga yang lebih cekap dengan penerapan
elemen lestari dalam aspek pembinaan.



CHAPTER 1

- Background & Review on Solar PV
System Technology

13



» The world energy
demand is still dependel
on fossil fuel base energ
generation

» Gas & oil

» Coal

» Diesel

2018

24,418mw

Gas (11,537MW]
Gas (11,537MW])

Arang Batu (10,066MW])
Coal (10,066MW)

Hidro (2,536MW, termasuk 296MW yang dianggap
sebagai hidro mini)

Hydro (2,536MW, which is inclusive of 296MW that
is considered as mini hydro]

TBB (179MW]*

*LSS (179MW di rangkaian penghantaran]
RE (179MW])*

*LSS (179MW at transmission network]

Sambungtara (100MW)
Interconnection (100MW]

KAPASITI TERPASANG SISTEM GRID
GRID SYSTEM INSTALLED CAPACITY

2019

26,132mw

Gas (11,000MW)
Gas (11,000MW]

Arang Batu (12,066MW]
Coal (12,066MW)

Hidro (2,240MW)
Hydro (2,240MW)

TBB (725MW)*

*LSS (429MW di rangkaian penghantaran) + Hidro
Mini (296MW])

RE (725MW)*

*LSS (429MW at transmission network] + mini
hydro (296MW])

Sambungtara (100MW)
Interconnection (100MW)

Source: ST Annual Report 2019



Energy Resources

Kapasiti Terpasang
Installed Capacity

SAIDI
SAIDI

Kapasiti LSS
LSS Capacity

Margin Rizab
Reserve Margin

Permintaan
Maksimum
Maximum Demand

/

. © 0 ©

Semenanjung Malaysia

Peninsular Malaysia

24,418mw
48.22

minit /pelanggan/tahun
minutes/customer/year

179mw
32%
18,338mw

2018

Sabah dan Labuan
Sabah and Labuan

1,277mw
. 267.87

- minit /pelanggan/tahun
: minutes/customer/year

50mMw
29%
955mw

~

-~

o

2019

~
Semenanjung Malaysia : Sabah dan Labuan

Peninsular Malaysia :  Sabah and Labuan
26,132mw : 1,277mMw
48.13  205.31
minit /pelanggan/tahun . minit /pelanggan/tahun
minutes/customer/year : minutes/customer/year
429mw : 50Mw
38% : 23%
18,566mMw : 1,00Tmw

/

Source: ST Annual Report 2019



Energy Emission Overview

» Every day we damage our climate by using fossil fuels for energy & transport
» Malaysia emitted 208 mill. tonnes of CO, or 7.1 tonnes per capita in 2009

» Projected total emissions — 285.73 mill tonnes CO, (2020). Largest emitting sector
— electricity generation (43.4%)

centralised energy infrastructures waste more than two thirds of their energy

61.5 units 3.5 units 13 units

LOST THROUGH INEFFICIENT LOST THROUGH TRANSMISSION WASTED THROUGH
GENERATION AND HEAT WASTAGE AND DISTRIBUTION INEFFICIENT END USE

100 units >> 38.5 units >> 35 units >> 22 unjts 16

ENERGY WITHIN FOSSIL FUEL OF ENERGY FED TO NATIONAL GRID Source : Energy Revolution, Greenpeace g cyerey suprLie OF ENERGY

TIAL 1\



. JI;ossiI fuel based energy will be depleted by
ime

— Malaysia’s energy reserve

e Qilreserve of three billion barrels. Crude oil production
/50,000 barrel/day

 Natural gas produced 80,000 barrels/day, with 2.12 trillion
cubic meterreserves

 The current reserve amount for oil may last for 19 years &
natural gas for 33 years

17



» Fluctuation of global oil price

-~
Crude 0il Prices Since 1361
Fenn Qil Boom Sumatra Prod Inc Wenez Prod Iran Supplies Iranian Few  Asian Fin Crisis
Fuzsian Exp Spindletop Texas | E TerasFields Suez Crisis | Iraq Inwas
Fear Shortage Fost Wil ‘rom Kippur War  Kuwait war
= 100 _
=
] J
[}
= 30
=
E 2] ’."'
5 40 h
= || W
o
= 0 f\,ﬂ ~ \/‘ M
] NS V\,qu__.\___‘/
0 T T T T T T T
1360 1§30 1900 1920 1940 1960 1980 2000
Saurce: BP Global - Statistical Rview of Word Energy - 2005

aproducion his SR T

G antoonStockicom

18
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« World population growth requires more
energy

* Environmental pollution

19



Environmental Effect

> Green House Gasses

» Global warming & climate change
World Carbon Dioxide Emissions by Region, Reference Case, 1990-2030

45,000  Central and South America
(ex Brazil)
Brazil
40,000
 Africa
© Middle East

35,000

“ Non-OECD Asia
(ex India, China)
¥ India

30,000

¥ China

25,000
 Other (Non-OECD Europe
and Eurasia, ex Russia)

® Russia
20,000

¥ Australia/New Zealand

(Million Metric Tons Carbon Dioxide)

15,000 ¥ South Korea
¥ Japan
10,000 ™ OECD Europe
¥ Mexico
5,000
M Canada
0 M United States

1990 2005 2006 2010 2015 2020 2025 2030 20



Annual CO, emission (2005) including
land use

7200 Mt CO2e

3200

1200

330

56

2.6

g Source : World Resource Institute

World Bank

Malaysia
« Annual CO2 emission (2008) = 208,267,000 metric tons (0.7% of world
emission)

* Annual CO2 emission per capita (2009) = 7.1 metric tons per capita

(hot including land use) 21
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The earth needs to be healed....

. Sus’raingble energy Is the answer...
— A/

//*;’/' _— Y
> & 2 ™
',"/ N ,J - | y :
4 < . y

RENEWABLE
ENERGY

ENERGY
EFFICIENCY

24



Definition of Renewable Energy

Renewable Energy (RE) is any form of primary energy from
recurring and non-depleting indigenous resources such as

agricultural produce, hydro-power, solar, wind, solid-waste, etc.

Geothermal Solar PV

25



Solar Energy
Application

4 Major
| applications:

1) Electricity

2)Heat

Solar Thermal




« Convert solar radiation into elecitric power

1 trillion GWh |
reach the earth‘s surfagt
per year* '

8 min.

E L4
150 mio. km A Y AN ','.'
t’ % | Maximum irradiance
‘\. L'.' . }‘that can reach earth

\ .‘w‘surface iIs ~1,000 W/m2

* roughly 10,000 times the world's primary energy demand “ : g}
f 1



Average dail
irradiation a

4 = 5 kWh/m?

- Malaysia is entirely equatorial
« Average solar radiation ~ 4.5 kWh

per square meter per day. Highest solar
vearvradiation in Sabah re ‘

'J" Average sunshine at 12 hours daily
“* the whole year |




Irradiance in Malaysia

Annual irradiation in
Peninsula & Borneo

1400 14850 1500 1550 1600 1650 1700 TS0 1400 18450 1900

Average daily irradiation at 4 — 5 kWh/m?

Source : NREPAP 2009
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World's largest solar park Shakti Sthala launched in
Karnataka

The world's largest solar park, Shakti Sthala, has a capacity of 2,000 MW and has set up at an investment of Rs16,500 crore
at Pavagada in Karnataka’s Tumakuru district

ast Published: Fri, Mar 02 2018. 06 35 AM IST
%4 Sharan Poovanna Enter email for newsletter

MORE FROM INDUSTRY »

» Hooked to the pill: India’s
antibiotics overkill

» KG-D6 issue: Niko serves
arbitration notice to RIL and
BP

» Cllasks RBI to cut repo rate,
cash reserve ratio

» UCO Bank board approves
raising Rs1,000 crore via QIP

L LB L Ny Pu— |

China Turns On the World’s Largest
Floating Solar Farm

Floating on a lake over a collapsed coal mine, the power station in
Anhui province can produce 40 megawatts of energy
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Renewable Energy in Malaysia

Development of Energy Policies in Malaysia

National Petroleum Policy (1975)

5-Fuel Policy (2001)

[ RE Policy and Action Plan (2010)

33



POLISI

2011

2016

2018

= - Tarif untuk solar PV
Feed In Tariff 2013 - RM0.68 — RM1.1316/kWh

* Degression rate 8% setahun

Net Energy Metering . Konsep Net billing
(NEM) - Self consumed, lebihan
penjanaan tenaga dijual ke
pihak utiliti pada kadar tarif
belian tenaga
- Contoh:
Tarif B = RM0.509/kWh

*Rate telah disemah semula
tahun 2018

Supply Agreement for _ seif consumed,

Renewable Energy - Tarif penjanaan tenaga daripada
(SARE) solar PV rendah daripada tarif
grid utiliti
- Contoh:

Grid = RM0.509/kWh
Solar = RM0.437/kWh



POLISI TEKNOLOGI HIJAU NEGARA

PERKARA NEM RAKYAT

Domestik

Kuota ditawarkan (MW) 100 100
Mekanisme (roll-over) NEM 1:1 (12 bulan) NEM 1:1 (12 bulan)
Tarikh mula ditawarkan 1 Februari 2021
Tempoh tawaran 3 tahun
Kadar offset Tarif Semasa Tarif Semasa
Tempoh offset 10 tahun
Ketetapan selepas 10 tahun Self-Consumption (SelCo) Self-Consumption
(SelCo)

Had Kapasiti Pepasangan

e 1 MWac/ 1Al
Kelayakan Pemegang Akaun Domestik Jabatan/Agensi Kerajaan

MEKANISME PELAKSANAAN NET ENERGY METERING 3.0

Bangunan Kerajaan Komersial & Industri

TUMASA & WUMEE ALY

300
SELCO+ (1 bulan)
1 April 2021

System Marginal Price

Self-Consumption
(SelCo)

Nett offset 1MWac
Net offset +Virtual SMWac
aggregation

Pemegang Akaun Bukan
Domestik



KAEDAH PERLAKSANAAN PEMASANGAN

SISTEM SOLAR PV DI ATAS BUMBUNG BANGUNAN

Pemasangan sendiri melalui \ Program SEP tanpa kos
peruntukan sendiri bh pemasangan & penyelenggaraan
(Zero upfront & maintenance cost)

* Tiada tarif untuk setiap » Tarif khas tenaga solar yang lebih
penjanaan tenaga solar yang rendah daripada tarif TNB
digunakan e Tarif khas solar adalah tidak berubah

sepanjang masa

* Penjimatan bil elekirik * Penjimatan bil elektrik sehingga 20%
bulanan > 20% (bergantung sebulan (bergantung kepada kapasiti
kepada kapasiti sistem) sistem)

 Hak milik sepenuhnya  Tempoh perjanjian sehingga 21 tahun,

hak milik sepenuhnya selepas tamat
tempoh perjanjian

e Memerlukan peruntukan * Tiada kos operasi & penyelenggaraan
tahunan untuk kos operasi &
penyelenggaran
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Panel Solar akan
menjana tenaga
elektrik daripada
cahaya matahari

Inverter akan mengubah tenaga
elektrik yang dijana oleh panel
Solar daripada Direct Current
(DC) kepada Alternating
Current (AC) untuk kegunaan
tenaga bangunan/premis

PRINSIP ASAS SOLAR ENERGY PURCHASING

Tenaga elektrik

Tenaga elektrik yang dijana akan
digunakan untuk kegunaan
bekalan elektrik
bangunan/premis

daripada Grid

Lebihan tenaga
elektrik yang dijana
sistem Solar dijual ke
Grid

Bi-directional meter digunakan untuk
mengukur tenaga yang digunakan daripada
Grid dan lebihan tenaga daripada sistem
Solar




Way forward

New solar panel design &
aesthetics

« Frameless solar panel
» Clear solar panels
« Solar tiles

Solar panel products
improvement

« Double sided solar panels
« PV integration — micro inverter


picture/Tesla's Solar Roof Is Cheaper Than Expected.mp4

Training & Certification

* Training for certification is provided by SEDA
* Training is held at UITM and SHRDC
« Refer to SEDA website at www.seda.gov.my

[ © sepa porTAL x © SEDA PORTAL x q__§ COCUTMLE Sedgd] |
< C | ® seda.gov.my % en
i Apps [) NewTab phd a Check the MOT histc Qﬁ JKR email [ Save to Mendeley m AFerry | Compare 8 ¢ &) Barclaycard online 2 Cristiano Ronaldo - 8: Eggishorn — Aletsch %t Aletsch Arena - The )

4% WEBMAIL LOGIN

search...

About SEDA  Policies Feed-in Tariff (FiT) Net Metering Statistics & Monitoring Download & Media

Event List

Trainings GCPV Systems Design Course

ASEAN ENERGY AWARDS 2017

ASEAN Renewable Energy (RE) Project Competition Photo. Gallery GCPV for Non-Engineers

CLICK HERE FOR MORE INFORMATION 3
Quota Opening CDP Program for QPs

\_ ; e | Energy Demand Management GCPV for Wireman & Chargeman

OGPV Systems Design Course

FiT DASHBOARD

Solar PV Installation and Maintenance

FiT Rates RE Quota RE Capacity RE Generation
EE & EM Training Program
> Jobs@SEDA - Finance Officer, Green Solar PV (Community) Biogas Biomass Small Hydro Books for Sale
Technology Applications for Low Carbon Solar PV (Individual) Biogas ( Landfill / Agri Waste )}  Biomass ( Solid Waste )

Citias (RTAI OO\ Praiart Fnarav Namand Solar PV (Non-individual (< 500 kW)

39
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Availability of Solar Energy

20%

reflected

by clouds
A

-

J

/

/

/

51% absorbed by ground

Space

6%
reflected by
surface

/
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Irradiance & irradiation ~

;.
Irradiance
The power per unit area received from the Sun in the form of o
electromagnetic radiation in the wavelength range of the  — -L
measuring instrument. 75 TAw
Unit of irradiance in W/m? . Solar Radiation Spectrum

UV | Visible | Infrared —=
' |}

N
L L34

: Sunlight at Top of the Atmosphere

5250°C Blackbody Spectrum “

Irradiation

The energy per unit area received
from the Sun in the period of
daylight time

-
'

-
A

Radiation at Sea Level

o

Spectral Irradiance (W/m?Z/nm)
o

Unit of irradiation in Wh/m2 025 500 750 1000 1250 1500 1750 2000 2250 2500
Wavelength (nm)
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Availability of Solar Energy

Peak Sun Hour (PSH)

» The number of hour solar irradiance at 1,000Wm<2 gives the equivalent amount of
solar irradiation (H) for the day

G b/
il

VAN

o

(

/

1 3 5 7 9 M 8B B %W 19 21 23
Hours of the Day
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Exercise 1; (10 minutes & 5 minutes discussion) ) ggDV@/;y?
/

~),009 VS/PZT/

<7h '

2,580 SY =2 ==

4,660 4 bl

4,090 G R

4,150 qf. :? @’%‘/

5,380 .50 k |LD‘§,° én

\Y

1) Calculate the PSH at each location
2) Calculate the annual (365 days) energy generation of § solar PV system

at each location, assuming irradiation is eryday and consider no
losses ' @, Y PN
Foal = TORLE)

EPVannual GStC . /
Cd
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Geographic Coordinate System

North Pole
g
) 6
0° - - -
-30
-60
-of
South Pole

» Main lines/latitude of reference:

» Malaysia:
e Latitude:(1°to 7°N
* Longitude : 99° to 120°E



Earth geography

Tilt angle and revolution around the Sun

S;vmb/‘

September 22-23

Autumnal Equinox

{

| P 74 (o
O Juhe20-22

———— -
Sumimer Solstice

Winter Solstice

£~ A
Sowd

—

March 20-21

al Equinox
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Sun Path Coordinate

Describing Location of the Sun

» Azimuth — horizontal angle of sun east or west of due south

» Elevation / altitude - angle of sun above the horizon

» Zenith angle — angle of the sun measured from vertical

» Azimuth and altitude describe the location of the sun in the sky
at a given time. \\/,

L2

Up
Z
s s
LM
| \ North
A >
h = elevation z=zenith angle, A= Azimuth angle,
angle, measured  measured from measured clockwise

up from horizon  vertical from North



Availability of Solar Energy

 How to quantify solar radiatione

pyranometer — Foloz
-

Solar cell sensor —~> \(_yc;)\j( T
7-“ )
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Sun Earth Collector Geometry

Tilt angle of solar collector

» Tilt angle is the angle between a collector plane and the ground plane

Save = (Suax * Sun) /2

Naxemum /

323"
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LANGKAH BERJAGA-JAGA DAN KESELAMATAN

« Sistem solar PV adalah selamat jika
dioperasikan dengan cara dan kaedah yang
betul, fetapi berpotensi untuk mendatangkan

bahaya jika cuai

« Sila patuhi langkah-langkah keselamatan
dan prosedur operasi dan senggara yang
ditetapkan

 Hanya orang kompeten sahaja dibenarkan
untuk menjalankan kerja-kerja operasi dan
senggaraan

 AC Voltage

Y ——
» 240\ AC power adalah merbahaya dan boleh
mengakibatkan maut jika ‘live wires/terminal’
terdedah dan boleh juga mengakibatkan kebakaran

DANGER



LANGKAH BERJAGA-JAGA DAN KESELAMATAN

Solar PV array
> Electric shock (V. =696.9 V)

» Kemalangan disebabkan kedudukan
pemasangan di fempat tinggi

NOTE

maintenance can only be undertaken by
a suitably licensed electrical worker or
contractor.

PERINGATAN!!

» Senfiasa pastikan bekalan kuasa suis utama dan
suis-suis di solar PV array dan bilik inverter
dimatikan sebelum sebarang kerja-kerja
penyenggaraan dan pembaikan dan
seumpamanya dijalankan
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CHAPTER 3

: Solar PV Technology & Balance of System (BOS)




KATEGORI SISTEM SOLAR PV

coO C
GRID oiar vy

LARGE SCALE SOLAR (LSS) ROOFTOP SOLAR

. 20 Wp, Sepang
; ' ;i';, ‘Operator: TNB
i 230,000 PV-panels

3 98 hektar

OFF-GRID
SOLAR PV

Bekalan tenaga elekirik 24 jam untuk Kawasan
di luar liputan rangkaian Grid

Solar PV + Sistem Inverter + Sistem simpanan
tenaga + Genset

684 kW solar hibird di
Long Bemang, Saraw




Solar Electricity

* Photovoltaic Effect
— photo = light; voltaic = produces voltage

— Photovoltaic (PV) systems convert light directly into
electricity (using semiconductors)
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Solar Photovoltaic fundamental

Sunlight

Solar Panel

Antireflectlon coating 0
Transparent adhesive
Cowver glass 7 7 Current

R

%x, Hk:‘:"“

Solar Cell\

uﬂl‘&l‘ll —

<\ 9

n-type semicorductar

p-n junciion

e,
.

p=type semiconductar
@ = abeciron =— Current

Usually produced with semiconductor grade
Silicon

Dopants create positive and negative
regions

P/N junction results in 0.5 volts per cell
Wire grid provides path for current
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Cell

PV Terminology

Module

4 )

PV System Sizing:

4 kWp PV system: means
that 4,000 watts (4 kW) is
the MAXIMUM it will
produce in full sunlight,
ie at 1,000 W/m?, 25°C &

QAir Mass j
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Types of Solar PV cell

* Crystalline Silicon PV * Thin-Film PV

Mono crystalline Polycrystalline e Can be applied on many different materials
* Longevity still to be proven
* Firm, like crystals e Production growing at high rate
* Longest track record, over 50 years e Lower efficiencies: avg. 7%, up to 15%
* Most common, over 85% of the market e Has potential for big cost reduction
* Highest efficiencies: avg. 15%, up to 22% e Requires about 200 sf. per kilowatt

- Types of Thin-film : Amorphos Silicon,
CIS/CIGS, Dye-sensitisized, Organic, CdTe, Micro-
crystalline & Micromorphous

* Others like Hetero-junction intrinsic thin layer (HIT), Organic & Gallium Arsenide
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Types of Solar PV cell,,.cont’d

Cell Technology Crystalline Silicon Thin Film

Types of Technology

Temperature Coefficients

Module construction
Module efficiency

Required Area

Example Brands

*  Mono-crystalline silicon (c-Si)
*  Poly-crystalline silicon (pc-Si/
mc-Si)

Higher

With Anodized Aluminum
14% - 22%

Industry standard

Kyocera, Evergreen,Q-Cell
Sanyo, Schuco,

Canadian Solar, Sharp,

Yingli, ET Solar, Solon, Schott,
Conergy, REC, Solarworld

*  Amorphous silicon (a-Si)

* Cadmium Telluride (CdTe)

*  Copper Indium Gallium Selenide
(CIG/ CIGS)

* Organic photovoltaic (OPV/
DSC/ DYSC)

Lower

(Lower is beneficial at high ambient

temperatures)

Frameless, sandwiched between
glass; lower cost, lower weight

4% - 12%

May require up to %50 more space
for a given project size

First Solar, Solyndra, UniSolar,
Konarka, Dye Solar, Bosch Solar,
Sharp, Abound Solar

Thin-film needs about twice as much
space for the same-size system.
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Photovoltaic Modules...cont’d

Datasheets

» The electrical ratings of a PV module are normally rated at a Standard Test
Conditions (STC), i.e. the PV module has been tested under this condition

» The STC refers to
* Irradiance of 1,000 Wm~
e Cell temperature of 25 deg C
* Solar spectrum of Air Mass (AM) 1.5 (48.2°)

» The electrical ratings of a PV module are also sometimes rated at Nominal
Operating Cell Temperature (NOCT) conditions, i.e. the PV module has been
tested under several conditions.

» The NOCT conditions refer to:
* |rradiance of 800 Wm-2
 Ambient temperature of 20 deg C
» Solar spectrum of Air Mass (AM) 1.5

* Wind speed of 1.0 ms
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QPRO-G2235
Best polycrystaline
solar module 2014

Q.PEAK DUO L-G8.3
415-430

QCceus
ENDURING HIGH SR
PERFORMANCE

QCceus

ViELD secuRy

Q.ANTUM TECHNOLOGY: LOW LEVELISED COST OF ELECTRICITY
Higher yield per surface area, lower BOS costs, higher power
classes, and an efficiency rate of up to 20.3%.

\"7/' INNOVATIVE ALL-WEATHER TECHNOLOGY
Optimal yields, whatever the weather with excellent
low-light and temperature behaviour.

Y- ENDURING HIGH PERFORMANCE
@ b Long-term yield security with Anti LID Technology, Anti PID
Technology?, Hot-Spot Protect and Traceable Quality Tra.Q™.

EXTREME WEATHER RATING
High-tech aluminium alloy frame, certified for
high snow (5400 Pa) and wind loads (2400 Pa).

A RELIABLE INVESTMENT
Inclusive 12-year product warranty and 25-year
linear performance warranty?.

STATE OF THE ART MODULE TECHNOLOGY
Q.ANTUM DUO combines cutting edge cell separation
and innovative 12-busbar design with Q. ANTUM Technology.

APT test conditions according to IEC/TS 62804-1:2015, method B (-1500V, 168h)
? See data sheet on rear for further information.

THE IDEAL SOLUTION FOR:

Rooftop arrays on
commercial/ industrial
buidings

Ground-mounted

QCeLLS

Engineered in Germany

MECHANICAL SPECIFICATION

Format 2080 mm = 1030 mm = 35mm (including frame)
Weight 24 5kg 20
1508 men
Front Cover 3.2mm thermally pre-stressed glass with e —_I—L 388mm
anti-refiection technology P * B [P S—
Back Cover Composite film nesting sy T (ETAL ) |
Frame Anocdised aluminium 985 e o
Cell 6 x 24 monocrystalline Q.ANTUM solar half cels o 100
Junction box 53-101 mm= 32-60 mm= 15-18mm
Protection class |P67, with bypass diodes b o
Cable 4mm? Solar cable; (+) 21400 mm, (-) 21400 mm o—d
A x Mounng ot (TETALA) AnEe——L
Connector Staubli MC4-EvoZ, Hanwha & CELLS HQC4, Amphenol u k =
UTX, Renhe 05-8, JMTHY JMB0L1A, Tongling Cable01S-F; —| | [ i Deras &“
|PES or Friends Pv2e; P67 famn T E L0 e
ELECTRICAL CHARACTERISTICS
POWER CLASS 415 420 425 430
MINIMUM PERFORMAN CE AT STANDARD TEST CONDITIONS, STC* (POWER TOLERANCE +5W /-0W)
Power at MPP* Pue [W] 415 420 425 430
Short Circuit Current* la [A] 1069 1074 1078 10.83
Open Circuit Voltage* Vee vl 4859 48.84 49.09 49.33
Current at MPP luee [A] 1018 10.22 10.27 1031
—_—
Voltage at MPP Vies vl 4077 41.08 41.39 4170
Efficiency* n [%] 2194 2196 219.8 2201
MINIMUM PERFORMAN CE AT NORMAL OPERATING CONDITIONS, NMOT?
Power at MPP Puee [wi 3108 3145 3183 3220
Short Circuit Current lar [l 861 865 8.69 872
Open Circuit Voltage Ve V1 4582 46.05 46.29 46.52
= Currentat MPP luee [A] 801 8.05 8.08 812
Voltage at MPP Voee V] 3879 39.09 39.38 3967
"Measurement tolerances Puge £ 3%; lon; Voc £ 5% at STC: 1000W/m?, 264 2°C, AM 1.5 according to IEC 60804-3 - 2800W/m2, NMOT, spectrum AM 1.5
@ CELLS PERFORMANCE WARRANTY PERFORMANCE AT LOW IRRADIANCE
é: At least 98% of nominal power dur- : ue -__T
O ing first year. Thereafter max. 0.54% o 1
E § degradation per year. At least 8931 % o ol 7'L
13 . A 43
=g of nominal power up to 10 yesrs. At 4 !
23 least 85% of nominal power up to & -
gg 25years Z s ___:_
= 5 1
E All data within messurement toler- & :
-} ances. Full warranties in accordance &0 !
g with the warranty terms of the z00 400 &00 soo 1000
8 (1 CELLS sales organisation of your IRRADIANCE [W/m?]
“ respective country.
Typical module performance under low irradiance conditions in
comperison to STC conditions (25°C, 1000W/m?).
TEMPERATURE COEFFICIENTS
Temperature Coefficient of 1. a [%/K] ( +0.04JTempera:ure Coefficient of Vo B [%/K] -0.27
Temperatu E-Cor:-ffic'e'\:%ﬁ’rf— ¥ [%6/K] %% Normal Module Operating ’\:""‘BE‘I’ETUI’E‘ NMOT [FC] 43+3
-——
PROPERTIES FOR SYSTEM DESIGN
Maximum System Voltage Vers vl 1500(IEC)/1500(UL)  Safety Class Il
Maximum Reverse Current le [A] 20  Fire Rating based on ANSI /UL 1703 C/TYPEL
Max. Design Load, Push/ Pull [Pa] 360071600  Permitted Module Temperature —-40°C -+85°C
Max. Test Load, Push /Pull [Pa] 540072400 Of Continuous Duty

MDMIALICICATIORMNS AMDY CEDTICICATES

DACY ACINC INEOISDRAATIONN
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0 _Revil
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Photovoltaic Modules

Characterization of PV modules

» A PV module is characterized based on current-voltage performance of the
string (s) of solar cells on the PV module

» The current-voltage performance is characterized using an |-V curve and
power curve

» The I-V curve and power curve are valid at a particular irradiance and cell
temperature only

I-V curve

b Pmax Legend :

Imp
- - Pmp = Maximum power in W
E P-V curve % V.. = Open circuit voltage in V
3 o Vip = Voltage at maximum power in V

. = Short circuit current in A
|mp = Current at maximum power in A

Voltage Vmp Voc

Characteristics of a PV modules
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Photovoltaic Modules...cont’d

Characterization of PV modules

» Fill Factor (FF) represents the degree of squareness of the IV curve
» The FF of a PV module or string is an important performance indicator

FF = 1o X Vi
ISC XVOC

Imp

Current

Max Povlver Point

Area = Imp x Vmp

Area = Isc x Voc

Voltage

Vmp Voc

Where :

V.. = Open circuit voltage in V
Vip = Voltage at maximum power in V
|, = Short circuit current in A

|mp = Current at maximum power in A
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Photovoltaic Modules...cont’d
Characterization of PV modules

» Efficiency, n represents the efficiency

I
-

N= lop X Vinp mp
GxA GxA

Where :

P = Maximum power in W

Vi, = Voltage at maximum power in V

|mp = Current at maximum power in A

G = Irradiance in Wm2at STC (1,000 W/m?)
A = Area of solar PV module in m?

Efficiency of a solar PV modules only describes the ability of the
module to produce maximum power at its surface area at STC level
(G =1,000 W/m?).

It should not be used as the only parameter in determining the
quality of the module.
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Exercise 2: (10 minutes & 5 minutes discussion)

« Refer to datasheet solar PV module:
— Determine FF of the module
— Determine efficiency of the module
— Base on the efficiency of the modules,

summarize? k3t ©
[fV +_ 530
Mgyt T ft=0808
Tt L\@S‘i%'“m
2 %)
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Standard & Test Conditions

« The electrical rating of PV module are rated at Standard Test
Condition (STC)
— Irradiance 1,000W/m?
— Cell temperature 25 °C
— Solar Spectrum AM1.5

« Also, can be referred at Nominal Operating Cell
Temperature (NOCT)
— Irradiance 800 W/m?
— Ambient temperature 20 °C
— Solar Spectrum AM1.5
— Wind Speed 1.0 m/s



Elecirical Performance

« Outputs of Installed PV system at site may differ from
STC and operated at Real Operating Condition
(ROC)

— Irradiance
— Temperature
— Site conditions — due to location



Issues of PV Technology

Low efficiency
*  Most solar panel have less than 20% efficiency. 80% of the solar
radiation is not converted into electricity

« Current highest solar panel efficiency

» SunPower (22.2%)

e LG (21.1%)

« Solartech Universal (20.2%)

« Silfab (20%)

« Solaria (19.4%)

100% useful
energy from
sun

Effect on Temperature

« High temperature resulted in lower Power production

« Temperature coefficient

« The higher the panel temperature the lower the power
generated. More heat produce as losses

20 — 30% loss of power due to
pV panel temperat

N

Heat, losses

ure

Land requires




Photovoltaic Modules...cont’d

Effect of Irradiance

Module current (A)

3.5
Maximum power points

3.0+ G=1,000 W/m?
i, G=800 W/m?
2.0+
19

K 2
. m G=400 W/m

i 2
0.5 .. G_2OO W/m
0.0 | +

0 5 10
Module voltage (V)

I-V curve of a PV module at different levels of irradiance
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Photovoltaic Modules...cont’d

Effect of temperature

Current (A)

50°C

0°C

Voltage (V)

|-V curve of a PV module at different cell temperatures

* The output of PV module is
affected by temperature:

— Current marginally increases
with module temperature
INcreases

— Voltage significantly
decreases with increase Iin
module temperature

— Power significantly decreases
with increase in module
temperature
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Temperature coefficient

Temperature coefficients are used to determine the
correct output values in different climate conditions

Temperature coefficient can be in 2 forms:

— Percentage values; eg, (%/°C) ﬁ 'P
— Absolute values; eg, (mV/°C) — ‘“M

Yemp (T€MpPerature coefficient for Maximum Power)
vise (Temperature coefficient for short circuit current)

Yvoe (TEMPErature coefficient for open circuit
voltage)

Yvmp (T€MpPerature coefficient for voltage at
maximum power)

Ymp (T€Mperature coefficient for current at
maximum power)



Temperature correction factor

° Percentagev es

B T 25°C
fem - 1 * @ @)
t ‘pi ' Z E . ?vl}\
. AEW“—QL 1y
@emp x =Y x X (Tc % /Vtc) < MV
éfé —6 -3§Z
X can be I, Voc: mp» Imp or ﬁ

5 0-%)




Determining cell operating temperature

Formula to calculate cell or module Ly 3
temperature— Thoe 1
NOCT —-20
e Tas * oK) +
h[v

Teel = temperature of cell during operation (°C) 9\ @O
NOCT = given by manufacturer (°C)
Tomb = ambient average temperature during operation (°C)
G = irradiance at ambient temperature (W/m?)

If NOCT is not available;

@ Tcell= Tamb + 25°C
< — — —




ors 1 (69

For Irradiance O
on

. Dero’ringéc’ror due to irradiance effect

B (o> qp>
—Jg = 1,000 W/m2 F
— £, is peak sun factor (decimal) folovee

 Hence, by combl the factors: Ar‘ 2'/0

_ Proc = @tc X fpower_deratio

fpower_deration

/ —_——

* fcurrent_deration = fmm_i X ftemp_i X fg X Jdirt

0
fcurren mm. 46> X 0317 §
o o e = ¥ Fo _\;@_ﬁ oW (54l




Exercise 4: 15 minvutes et
&u&? annw(j
* Refer to the datasheet given, G is given at 9500
W/m?; (PO
— Calculate the T..;; given the T,y is 30°C

S ———

— Calculate the fie Of Isc, Voc, Vmp, [mp OT Pp

= The corrected Power output /{\
—~— A =
< If you have to consider dirt factor c@

; l
determine the corrected Power output /yﬁé@







Photovoltaic Modules...cont’d

Array Configuration

» PV modules can be electrically inter-connected to form a string or
array:
e String: consists of several PV modules being electrically
connected in series
* Array: consists of one or more than one PV string(s)

e e

ey
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Photovoltaic Modules...cont’d

Array Configuration

Photovoltaic source circuits

..‘-'"_'_'_'-'_._.-
% - Blocking Diode

r-""’ -—— Fuses

Photovoltaic

' output circuit

‘i‘“-—/——__ Solar Cells

|l Module

lllustration of string and array
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Exercise 3; (20 minutes & 5 minutes discussion)

« Based on the given solar PV module
datasheet, works in group:

— Des
of |

ermine |
0 modu

— Des

ermine |

he total output power at STC
es

he total system V,. and I, of

the following configuration;
a) 5 modules in series per string
L) 2 modules in series per string

- How many strings for (a) and (b)@
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Spesitikasi & Standard MS1837

Installation of grid-connected photovoltaic (PV) system

« This MS sets out the general installation requirements for
GCPV arrays with DC open circuit voltage up to 1,500V

— Includes PV array configuration
 Single string modules
« Multi-string PV array
« PV array divided into several sub-arrays

* Provide guidelines on GCPV system installation, electrical
safety & fire protection requirements



Spesitikasi & Standard MS [EC 62093

Balance of system components for photfovoltaic system — Design
qualification natural environments

« Adoption to I[EC 62093

« Describes the requirements for design qualification of BOS
components

« Suitable for indoor, conditioned or unconditioned, or
outdoor

« Some components such as batteries, inverters, charge
controllers, system diode, heat sinks, surge protectors, system
junction boxes, MPPT & switch gear

Includes test procedures of BOS 1o determine performance
characteristics







MASA
HARI

HARI PERTAMA

HARI KEDUA

HARI KETIGA

8.30 Pg - 9.00 Pg

PEMBUKAAN & PRE TEST

KURSUS DESIGNING OF GRID CONNECTED SOLAR
PV SYSTEMS

(11 - 13 OKTOBER 2021)

9.00 Pg - 10.30 Pg

SLOT1
Fundamental of RE Technology

Kandungan:
- Background
- RE Technology
- Solar PV system
Kaedah : Ceramah

Penceramah : ( Ir Dr Abdul Muhaimin )

SLOT 4

Teknologi Solar PV & Balance of System (BOS) — (sambungan)

Kandungan:
- Connection to the grid
- Interconnection issues
Kaedah : Ceramah

Penceramah : ( Ir Dr Abdul Muhaimin )

SLOT 7

Rekabentuk sistem grid connected solar PV - (sambungan)

Kandungan:
- Sizing of BOS components
- Penyediaan lukisan skematik
- System performance & evaluation
- Key performance indices
Kaedah : Ceramah & latihan

Penceramah : ( Ir Dr Abdul Muhaimin )
Fasilitator : ( Mohd Quyyum )

10.30 pg

11.00 Pg

1I9Vd WNNIW : LYH3Y

11.00 Pg - 1.00 tgh

SLOT 2

Asas kejuruteraan Sistem Solar Photovoltaic (PV)

Kandungan :
- Spesifikasi & standard MS1837
- Basic earth geography
- Solar-earth-collector geometry
- Availability of solar energy
Kaedah: Ceramah

Penceramah : ( Ir Dr Abdul Muhaimin )

SLOT 5
Rekabentuk sistem grid connected solar PV

Kandungan:
- Dimensioning of PV array
- Sizing of PV array to inverter
Kaedah : Ceramah & latihan

Penceramah : ( Ir Dr Abdul Muhaimin )
Fasilitator : ( Mohd Quyyum )

SLOT 8
Kerja berkumpulan

Kandungan:
- Case study of solar PV grid connected design
Kaedah : Latihan berkumpulan

Penceramah : ( Ir Dr Abdul Muhaimin )
Fasilitator : ( Mohd Quyyum )

1.00 ptg

2.30 Ptg

IHVHVONIL NWIVIA : LVHIY

/i

2.30 Ptg - 4.30 Ptg

SLOT 3
Teknologi Solar PV & Balance of System (BOS)

Kandungan :

- Spesifikasi & standard MS62093
- PV cells, modules, string & array
- Electrical performance
- Balance of System components
Kaedah : Ceramah

Penceramah : ( Ir Dr Abdul Muhaimin )

SLOT 6
Rekabentuk sistem grid connected solar PV -
(sambungan)

Kandungan:
- Dimensioning of PV array
- Sizing of PV array to inverter
Kaedah : Ceramah & latihan

Penceramah : ( Ir Dr Abdul Muhaimin )
Fasilitator : ( Mohd Quyyum )
SLOT 9
Pemasangan sistem (hands-on), operasi &
penyelenggaraan

Kandungan:
- Spesifikasi & standard MS2692
- Testing and commissioning
- Operation and maintenance
Kaedah : Ceramah & Latihan Hands-on di lapangan

Penceramah : ( Ir Dr Abdul Muhaimin )
Fasilitator : ( Mohd Quyyum )



Energy Resources

Determine the solar energy resources of the
particular site for each month for a year

— NASA meteorological data
— Global Solar Atlas hitp://globalsolaratlas.info/
— Local meteorological station



http://globalsolaratlas.info/

Connection to the Grid > qi’fw

« GCPV can be categorised as: (?" | Z@

— Distributed system il _

« Small to medium sized systems, eg: residential h
premises \oe )

« Connected to LV side of grid supply Al
— Centralised system 3
[
« Large scale GCPV, eg: solar farm @
P

« Connected at MV side of grid sup \},
&3‘" /




Balance of System (BOS) Components
Grid Inverter

« DC to AC conversion
« Works with the presence of grid voltage

« Standard Features
— Maximum input voltage
— Input voltage window (MPP voltage window)
— Rated & maximum AC power
— Operating frequency
— Range of operating grid voltage (
—(Anf-islanding|detection
— Etc...refer to data sheet




l

Technical data

Input (DC)

Sunny Boy 3.0 Sunny Boy 3.6 Sunny Boy 4.0 Sunny Boy 5. Sunny Boy 6.0

Max. generator power 5500 Wp 7500 Wp 9000 Wp
Max. input voltage S e
MPP voltage range 130 Vo 500V 14 00V 175V to 500 V 210Vto 500V
Rated input volta 365V
Min. input volia ut voltage 100v/125Vv
Max. input current input A / input B A/ 15 A
Max. WEE“\ / input B @ 2
Number of independent MPP inputs 7 strings per MPP @

. input .

\ Output (AC) v Mw~1
Rated power (at 230 V, 50 Hz) 3680 W 4000 W 5000 W' 6000 W w
Max. apparent power AC 3680 VA 4000, 0 VA 6000 W

g MNominal AC voltage / range 220V,230V, 240
AC power frequency / range TS0 HZ, 60 Hz / -
Rated power frequency / rated grid voltage 50 Hz /230 vV
# Max. output current 16 A 22 A2 22 A2 26.1 A

Power factor at rated power 1

Adjustable displacement power factor
Feed-in phases / conneclion phases
Efficiency

Max. efficiency / European Efficiency
Protective devices

0.8 overexcited to 0.8 underexcited
—

1/7

97.04/ 96.4% 97.0% / 96.5% 97.0% / 96.5% 97.0% / 96.5% 97.0% /966 %
—

Inputside disconnection point .
Ground fault monitoring / grid monitoring o/0
DC reverse polarity protection / AC short circuit current capability o/0/_
/ gabvanically isolated

Allpole-sensitive residual-current monitering unit .
Profection class [as per IEC 61140) / overvoltage T

category (according to [EC 60664-1)

i General data
) \f‘. Dimensions (W / H / D) 435 mm / 470 mm / 176 mm (17.1 inches / 18.5 inches / 6.9 inches)
R Weight 17.5 kg (38.5 |b)
‘Operaling femperature range 25°C 1o +60°C (- 13°F fo +140°F)
Moise emission, typical 25 dB(A)
Self-consumption [at night) 5.0wW
. o o Topology Transformerless
Inl'e"lgenl service with " .
A e Cooling method Convection
SMA Smart Connected 4 = Degree of profection (as per IEC 60529) P65
limatic category [as per IEC 60721-3-4) 4K4H
ax. permissible value for relative humidity (non-
2 de’::ing) v UL
. o & Eq@ipment
Compact Easy to use ngh Ylelds Combinable uq F.nne on / AC connection SUNCLIX / AC connector
+ One-person installation due to low « 100% plug and play installation « Use of surplus energy through * Intelligent energy Display via smariphone, tablet, laptop [
weight of 17.5 kg « Free online monitoring via Sunny dynamic active power limitation and storage solutions can be Interfaces: WLAN / Etheret / RS485 e/0/0
+ Compact design means minimum Places * Yield increase without installafion added anytime v Communication profocols Modbus [SMA, Sunspec), Webconnect, SMA Data, TS4R
space requirements « Automated service thanks to effort due fo integrated shade « Can be combined with .TS'LR.com Shade management: infegrated SMA ShadeFix / TS4R /0
SMA Smart Connected management SMA Shadefix ponents for module opfimization Warranty: 5 / 10/ 15 years e/0/0

AS 4777.2, C10/11, CE, CEI 0-21, EN 50438, G59/3-4, G83/2-1, DIN EN 62109 / IEC 62109,

Certificates and approvals )4 G
INEN-EMN50438, IEEMN50438, NT_Ley20.571, OVE/ONORM E 8001-4-712 & TOR D4, PPDS, PPC, RD1699,

[more available upon request)

SUNNY BOY 3.0/3.6/4.0/5.0/ 6.0

Higher yields for private homes — intelligent solar power generation

The new Sunny Boy 3.0-6.0 ensures maximum energy yields for private homes. This inverter combines the integrated Service
SMA Smart Connected service and intelligent technology for all ambient requirements. Thanks to its extremely light design, the
device can be installed quickly and easily. The Sunny Boy can be commissioned quickly via smartphone or tablet thanks to its inte-
grated web interface. For specific requirements on the roof, such as shading, the TS4-R module optimizers can be added into the
system, with all communication and monitoring facilitated through the inverter. Current communication standards make the inverter
future-proof, meaning intelligent energy management solutions as well as SMA storage solutions can be flexibly added anytime.

Certificates and approvals [planned)
Country availability of SMA Smart Connected

® Standard features  © Optional features
— Not available
Data at nominal conditions  Status: 11/2019

1) 4600 W / 4600 VA according to VDE-ARN 4105
2)AS 4777:217 A

Type designation

TR3.2.1, UTE C15-712, VDE-AR-N 4105, VDEQ126-1-1, VFR 2014, RfG compliant
DEWA, IEC 61727, IEC 62116, MEA, NBR16149, PEA, 514777, TR3.2.2
AU, AT, BE, CH, DE, ES, FR, IT, LU, NL, UK

SB3.0-1AV-41 SB3.6-1AV-41 SB4.0-1AV-41 SB5.0-1AV-41 SB6.0-1AV-41



Grid Inverter

Capacity Galvanic

String Inverter : |
* Single phase grid inverter _ . Micro inverter — Transformer
* Multiple PV string can be combined in the Array
Junction Box (AJB) before connected to string \ J
inverter - | p .
« Maximum DC current should not be exceeded DC
opiﬁ:\)ivsveerr Transformerless
. J . J
( )
String inverter
U i )

— Central inverter



Grid Inverter Capacity Galvanic

Types of GCPV inverter Rating isolation
Central Inverter : |
 Three phase grid inverter . Micro inverter —  Transformer
« Usually used for large scale GCPV as power rating
for an inverter can reach up to a few megawatts \ J
( R ( )
2%5::;’::: Transformerless
. J . J
( R
String inverter
. J

. — Central inverter




Grid Inverter
Types of GCPV inverter Rating isolation

Capacity Galvanic

Micro Inverter : |
* A small (micro) inverter for each solar panel Micro inverter _ Transformer
« Suitable for installation with different orientation
« Not practical for large solar PV system \ v
« AC voltage & AC current are produced from each - ~ - N
panel
— DC power
i optimiser Transformerless
. J . J
( )
String inverter
. J

— Central inverter




Grid Inverter
Types of GCPV mverfer

DC power optimiser ,%/ "

Some inverters may have Multipl T for J
optimum power generation from each strings

DC power optimiser brings the MPPT close to solar
panel

Reduce the effect of partial shading across ’rhe

system - @
Power optimizers ( s ij l//b

System overview

Power optimizers Inverter Home

Affixed to the back of every Inverter converts DC to AC Power is routed to
panel to smooth and condition your home circuits
voltage

WMUBN Capacity

Micro inverter

DC power
optimiser

String inverter

Central inverter

Transformer

Transformerless



Derating Power of Inverters

\ GT5.0-AU Power Derating curve !
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Types of Connection

* Direct connection

— Used for Feed-in-Tarit (FiT)

— Export all generated power/energy into the grid network
* Indirect connection

— Used for Net Energy Metering (NEM)

— Connected to MSB or SSB or DB

— Energy generated for PV used for building consumption,
excess to be exported intfo the grid network




CHAPTER 4
: GCPV system design



Dimensioning of PV Array

* Architectural  angth 100f (Lot

constraint /

— Numbers of modules
depends on the
orientation of the
utilisable area

Lengthwise up
UP

|

Lengthwise across

ACROSS




Dimensioning of PV Array

« Lengthwise across « Lengthwise up
- N max _module_across — N across_up XN across_across - Nmax_module_up = Nup_up X Nup_across
WTOO WTOO
— Ngcross up = round down [m ] — Nyp up = round down [ P f y

Lroof
- Nacross_across = round down [ Lo+ A] \/

— 4 is the allowed inter-module gap (m) 1

This step would give an idea to the designer of how much (maximum) modules
can be installed

— 4 isthe allowed inter-mddule gap (m)




Exercise

* An area has utilisable dimension of 30m in length by
15m in width. Inter-module gap is 10mm. Use Q-Cell
panel of 420 W 1o determine the arrangement of

maximum panels. ,——
NI
Lc A

. = (4- e







Dimensioning of PV Array

» Energy constraint

— How much energy required to be generated by the PV (daily,
weekly, monthly or annually)
1. Determine the amount of energy supplied by solar PV v/
2. Determine the minimum power of PV array required v
etermine the minimum number of PV modules needed

12
1 Ereg = @) y 12 Xz}f_@
100% @ =

E.eq IS energyrequiredper annum




Dimensioning of PV Array

2. The minimum power of PV array required can be
calculated as:

P = = Creg
array_ste @ f deration X Nsub_system
Parray stc is power of PV array at STC
PSH is peak sun hour received on plane of array per annum (h)

———— | c——



Dimensioning of PV Array
3. Minimum number of solar PV modules needed

Parray stc

Nmin _module = round up [ S ]

module_stc

Exercise
Monthly recorded energy consumption

mla--n_m [ enerey from soler

Energy 900 - PSH s & hrs daily
(kWh) - Max ambient
W-EE--- Temperature is 36 oC
- 4% loss due to dirt
Energy  NA 1,020 215 _ 3% cable loss

(kWh) - 97% inverter efficiency



Tall - % +& ;O)* \oocj - §4.3°C
ﬁm” (o (0 o (Lad-5)) = 63655

oZL§§' x 6-96 - 08577

Joa o - k
| ® 10 2 v (4'3%\ ﬂb iy
£w5 Y X ]

?05"‘0 - L a5 #



Dimensioning of PV Array

« Budget consiraint

— Total modules also depends on investment

1. Set a ceiling for budget
2. Establish the affordable total PV power

3. Determine the maximum number PV affordable
: Porray stc X

Y \

B s allocated total investment cost
kingex 1S UNIt rate price for complete PV system (RM/Wp)



Dimensioning of PV Array

—

Py = 3150 Joko

module_ stc

- Exercise Neaoa - i/ ~[F
— Budget available is RM37,500 for GCPV system

. o\-_\/ . . .
— Determine the maximum array capacity, per unit cost Is

RM5,000/kWp, using Q-Cell 420 Wp 175 qu
—_—

« AT this point, designer may have preliminary info in term of
ared, energy & budget to explain to the client






Sizing of PV array to Inverter

e Selection of inverter

— Now we have established the numbers of PV modules
required.

— Next step is to match with the inverter specification.

P array X fi <Prominv < P, array * f2
fi & f, are the derating factors of PV array (0.9 and 1.0)

Exercise
Based on previous exercise, determine the required inverter range.



5. \ax06-9 <Rw« Aev é S22

Luﬂx < Po 519
s [/ E kD

<H 3.0 — Lottt -



Sizing of PV array to Inverter

 Range of numbers of modules

— Nominal power rating of inverter determines the number
of PV modules that can be connected to the inverter

P inv nom

N,.:.. = round u
min P [fz X Pmodule stc

P inv nom

N qx = round down |
J1 X Pmodule_stc



Exercise

» Based on previous exercise (budgetf constraint),

determine: Rer Rriau W
— fhe suitable inverter £oos w7 < D <€)
_ Minimum number of PV modules ~ F5T0% 21 S Fiev

— Maximum number of PV modules







Sizing of PV array to Inverter

* Limits on voltages of PV module

— Range otinrput volt alues ie,
A and( Vinp_min)Qre required for safety and

functionality of inverter & optimum operation
— These limits would define the voltage output of PV

modules and strings
—_— ﬁ ocC
Voc_max — Voc stc X {1 + @X (Tcell @

\_—

Voc max IS the maximum open circuit voltage at real operating condition



Sizing of PV array to Inverter

* Limits on voltages of PV module

— The highest allowable voltage of maximum power PV
should generate

Vmp_max - Vmp_stc X {1 + [(fgg:;:) X (Tcell_min o Tstc)]}

- The lowest voltage of maximum power from PV module

Vmp_minx = Vmp_stc X {1 + [(fgg:;:) X (Tcell_max _ Tstc)]}




=
| okl
Exercise

— Maximum voltage open circuit
— Maximum voltage PV module [{ -
— Minimum voltage PV module

\]gfz c4g,34x\tl+ (‘ ﬂu(% %78

OO
< 4415V
\/VYJV\X - £].03 X [H O/q’l— < (- %w}
| A1od (g
- 4D L \{Wm.: 408 | 4w )



—y |- |4 ot

Sizing of PV array to Inverier
@ 0-Gs , 4c <0 4% N
I

)

imits on voltages of PV string (series) C%Q

—The voltage generated by PV string must comply WITh ba\c
INput window of the inverter

— Maximum number of PV modules: Qsvee < r ot o %} )4

Vinax _inv X f 4
Ns max = round down | Vyp max ] /gi A )0&\»11»‘ .:h\(,\ A
Ns min = round up | Vinin_in X f6 K} 28 W
T mp min X fs g"f“)m 29. /*Zq

- Exercise: Determin ' onfiguration of PV modules
N). - ¢ (mfg\dl 5 %




Sizing of PV array to Inverter
. [(S@n'ao : (50
« Parallel string

— The inverter limits certain number of parallel PV strings, to
ensure maximum input current is not exceeded.

[I max _inv ]

N = round down
p_max
sc_string

- Exercise: Determine the maximum parallel s’rring can be
connected to the inverter N y -
Y- = BO 7o CrLy

L s



Sizing of PV array to Inverter |

3 Y
o O .
« Array Configuration
— At this stage, we now know the P dules configuration
in series & parallel: i‘\(—‘-#‘gl 3 ;:Q: L R - 9 59 ko ¥
N; = Nsx N, o X - 5
Vf < KLY = Nge WV Paee

= - s kQ
Exercise EE@ Pinv <=

Using Q-Cell 420 Wp and SMA Sunnyboy(5,500 W, determine
optimum array configuration & total PV modules.

What is the peak PV arraye







G
. 993'%1;\/ \}i\g:d : C_\Jiz)ok
(o-kzs L iiq_\)

- F, Tffp;\\ \IM:,,GM | g”%”{

3 %F\__ \ X NS | %

Ng N

X7




Exercise

« Given that a client wants to reduce his house annudl
energy consumption by 60% and he has budget of
RM&0,000. Determine the best configuration of PV &
Inverter according to energy constraint method.

— Annual energy consumption is 12,600 kWh
— What would you suggest to hime



40< L2 \(\un;:\;&
[_;> rdurdy &> IO¥>

Example of LY

PV Array & 24
Inverter

configuration e
PN
R g Lv

PV ARRAY SECTOR 1 (10.08kW)

(5,040W)
(240W x 21pcs)

'l String 1
2
able A String 2

DC MC

nnnnnnnnn

Cals

A la

A A
Bﬁ” Jscetie e Wﬁﬂ [

v of

>



Sizing of other BOS components

« Current carrying capacity — maximum current
carrying capability of a conductor

— Effects by cross sectional area (mm?2), type of insulation, &
environment

Imin _String = 2X Isc_stc_string
Imin _array = 1.3x Isc_stc_string
« DC cable

- Minimum CSA of DC cable can be calculated:
2X Ly x13.xp

Ani =
min_dc_cable ™ e x Vi _string



Balance of System (BOS) Components
Other components

« AC & DC Cables

* Fuses or OC protection unit

« AC & DC switches

« Array (DC & AC) junction box & combiner box
« Structure

« Connectors

« AC & DC SPD

« Earthing system

e LPS



Balance of System

BLUSUNS&LAR®

By-pass diode

MC4 connector Single core DC
cable for PV



Sizing of other BOS components

« DC cable

- Voltage insulation rating
Vdc_cable = 1.2x Voc_stc_array

Exercise

A PV array using Q-Cell 420W is configured using 8 x 1 arrangement.
Longest length of string cable is 8m & length of array cable is 5m.
Minimum MPPT voltage is 34.4V. Maximum dc current is 10.22A.
Voltage drop is 3% in string cable, 1% in array cable. Find:

- Minimum CSA of string & array cable
- Actual voltage drop in string & array cable
- Voltage insulation rating in string & array cable



Sizing of other BOS components

 Power & voltage losses

_ 2x de_cable X (Idc)2 X P
Pdc -

Adc_cable
Or
Pac = Vdrop_dc X I

Vdrop_dc
%VdT'Op_dC = Vmin " NS x 1009%




Sizing of other BOS components

« String fuse

— MS 1837 — string fuse is required on the +ve cable

Vfuse =12x Voc_string_stc
1.5x Isc_string < Itrip <2Z2x Isc_string

Vruse 1S The voltage rafing of string fuse
I+rip 1S tripping current of string fuse



Sizing of other BOS components

« DC main switch
Vdc_ms =12x Voc_array_stc

Isc_string = 1.3x Isc_array

« Surge Protection Device

* Profects the electronic components from surges. It is
recommended that SPD shall be installed:

— Between each of array DC cables & earth
Between each of inverter output AC cable & earth



System Performance & Evaluation

« Advantages of proper & appropriate system performance
monitoring, analysis & reporting:
— Key indices describes whether the system is operating as designed
— Data analysis

« Standard for system performance & evaluation

— MS IEC 61724:2010 — Photovoltaic system performance monitoring:
guidelines for measurement, data exchange & analysis

— |[EA PVPS: Task 2 — describe technical information on the system’s
performance, which highlighted the use of normalized system

performance indicators that are energy yields, system efficiency,
and performance ratio.



System Performance & Evaluation

« Key Performance Indices

—Yield is the amount of energy generated by the system.
Can be described annually, monthly or daily

Yexp — Parray X PSHpoa X fderation X nsub_system

Yoea = Actual energy meter reading
« Specific Yield
« Amount of energy generated per unit capacity (kWh/kWp)

Yo Y,
\) Yexp — . SYmea = el
PaT'T'ay_StC Parray_StC



System Performance & Evaluation

« Performance Ratio

— Dimensionless quantity of overall guantity of the system,
le; normalised indication of the system

Yexp Ymea
PRexp — v PRpeq = v
ideal ideal

Yidear = Parray_stc X PSHpoa



Assignment

GCPV system is required at N 45.76, E 78.48

Based on the data sheet, design and configure an optimum
configuration of a GCPV system:

— Total energy consumption per yearis 145,800 kWh

— Energy saving of 75%

— Area availability is 600 m2

— No budget constraint

— Insert all assumption and factors

Determine the BOS rating & sizing
Produce the schematic diagram of the complete system
Determine the performance indices




