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INTRODUCTION

SUSTAINABLE ENERGY &
100 % RENEWABLES
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| 100% RENEWABLES CITIES AND REGIONS s s

“ Renewable energy encompasses  all
renewable resources, including bioenergy,
geothermal, hydropower, ocean, solar and wind

energy. One hundred percent renewable energy means
that all sources of energy to meet all end-use energy
needs in a certain location, region or country are derived
from renewable energy resources 24 hours per day,

every day of the year. Renewable energy can either
be produced locally to meet all local end-use energy
needs (power, heating and cooling, and transport) or can
be imported from outside of the region using supportive

technologies and installations such as electrical grids,

hydrogen or heated water. Any storage facilities to
help balance the energy supply must also use energy
derived only from renewable resources.

-IRENA Coalition for Action



| 100% RENEWABLES AS A CORNERSTONE

Decarbonizing energy supply through renewable energy / SSI?C% \\\
. . . / SDG13 -

sources, deployed in a socially- and environmentally- Green

’ Other
conscious way, is key to achieving various climate and il /-\ ’“;‘c'?.iﬂé’ h
socio-economic goals:

. Transitioning towards a renewables-based energy

system is a cornerstone on the way to net-zero e
emissions and a ensuring a just transition ?é?oo I &
. Renewable energy can help enhance climate \\\\ RENEWABLES i/ l/
adaptation and resilience efforts \ £
Just and
. Improved access to clean and modern energy and RaceiolE equitable

associated welfare benefits HgIEnGE \h- / transitjons
.  Use of SE sources will improve energy security and \\ W

‘ ] Climate
independence at local and national levels neutrality e'\r':,ts:.‘f,rr‘,’s

. Zero operational emissions from SE (incl. pollutants) \_/

brings additional health benefits compared to fossil
fuels




| GLOBAL STATUS OF RENEWABLES

Graph 1: Renewable power capacity growth in 2022
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Graph 2: Renewable share of annual
power capacity expansion
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Solar energy dominated RE capacity expansion, surging by 192 GW (+22%) in 2022.

Source: Graph 1, 2: IRENA, Renewable Capacity Highlights 2025
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| ENERGY FROM THE SUN
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« ‘Heat is utilized:

* Applications: steam generation, cooking, water
/ heatlng, drying, cooling & power generation, J

|

— O — — _ * ‘Light’ is utilized to convert energy.

/l\

| » Applications: Electric power generation

_ » ‘Light’ is utilized in a chemical reaction.

» Applications: Organic matter for fuel production




0 SOLARRADIATION

Solar jrradiance (W/m?) is the solar energy
measured on surface per unit area

Solar jrradiation (kWh/m?) is the integration of
solar irradiance over a day

Magnitude:

« Solar irradiance = 1,000 W/m? (noon, sunny

day)

 Solar constant = 1,367 W/m?

Reflection, absorption & scattering

Irradiance
G
W/m?

Unit of power

H
kWh/m?

Unit of energy - Sum over year
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Solar energy received on the earth

Reflected

Absorbed / i NG R E N
o : - .'& = °

Aerosols

Reflected “,h
from ground

Total radiation (global radiation) =
Direct radiation + Diffuse radiation



GEOMETRY OF THE SUN’S PATH

zenith 50
meridian 90° b 2

north
celestial
pole

south
celestial
pole

Geometry of the sun’s path
Source: PV Education

Optimal absorption angle
> Perpendicular rays = Max. power density
~. |deal angle for absorbing surfaces
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Path of the sun in the southern hemisphere
Source: PV Education

Dynamic sun angles
> Depends on the location, time, and day
. Affects energy capture efficiency
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RADIATION DISTRIBUTION ON THE EARTH’S SURFACE HONG

C . Distribution of radiation on earth surface (spectrum)
What is ‘air mass’? P

* The length of the path light takes through the

atmosphere, normalized to the shortest path (i.e.

N

o
.
]

2.(

with the sun directly overhead)
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Why is it relevant?

—
o
|

* Measures light power reduction

Spectral Irradiance (W m™ nm™)

* Absorption by air and dust

Spectrum name Power density, W/m? Applications

Air Mass (AM) 1.5 Global 1000 Flat plate modules

o
)]
]

0.0 +—

AM 1.5Direct 900 Solar concentrator Wavelength (nm)

AM 0O (Standard) 1480 Space



PEAK SUN HOURS (PSH)

Sunlight reception and solar panels
* Optimal sun position: direct sunlight at midday
« Peak sun hour definition: 1000 W/m? for an

hour

Output estimation
» 300-watt panel generates 300 watt-hours
« Average 500 W/m? in an hour is equal to 0.5
peak sun hours.

Sunlight's impact on energy
 Sunlight fluctuation: morning = 500 W/m?;
midday = 1,100 W/m?.
* Sunlight strength affects panel energy; mornings
give fewer PSH than midday.
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Peak Sun Hours

1000 W/m ?
_— Solar Irradiance
< - Area within peak sun
Solar Irradiance (W/m’) , hours equals total solar

irradiation

/ /

Sunrise Noon Sunset
Time of day

Number of peak sun Area under curve equals
hours total solar irradiation

Image source: https://www.solarreviews.com/blog/peak-sun-hours-explained
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CALCULATING OUTPUT AND REQUIRED CAPACITY coms

Output calculation using PSH
PSH = 5.8

For a 5 kW system, estimated output:

=5 kW x 5.8 PSH = 29 kWh per day

Capacity estimation using PSH

PSH =7

Annual (previous year) consumption of electricity = 25,000 kWh
Daily consumption of electricity = 25,000 kWh / 365 days = 68.49
kWh per day

68.49 kWh per day / 7 peak sun hours per day = 9.78 kWh
One should install a 10kW solar PV system



GLOBAL HORIZONTAL IRRADIATION (GHI)

SOLAR RESOURCE MAP

GLOBAL HORIZONTAL IRRADIATION (@ woriosankerowe ESMAP  (ITSED
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GHI is useful in designing

7 w : 4 ¥ ™ b 5N solar PV power plants

15°S

30°S

.l‘
45° @ i
© 20192 The World Bank
Source: Global Solar Atlas 2.0
Solar resource data: Solargis

Long-term average of global horizontal irradiation (GHI)
Daily totals: 2.2 2.6 3.0 3.4 3.8 4.2 4.6 5.0 5.4 5.8 6.2 6.6 7.0 7.4

| - DT kWh/m’

Yearly totals: 803 949 1095 1241 1387 1534 1680 ‘77?826 1972 2118 2264 2410 25%6 2702

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

A total of 173,000 terawatts (trillions of watts) of solar energy strikes the Earth continuously (~in an hour)
> More than 10,000 times the world's total energy use




INTRODUCTION TO
SOLAR PV SYSTEMS




| THE DEVELOPMENT OF
SOLAR PV TECHNOLOGY

First tested solar cell giving
less than 1% efficiency

Alexandre Edmond Becquerel

observed PV effect
1904

Hoffman Electronics built a grid
connected 10 % efficient solar cell

14% efficient

solar cell was ".
developed by ...

Hoffman '.

Electronics

1960 o,
v

Soyuz 1-the first solar-powered
unmanned spacecraft

AlGaAs/GaAs solar cell were developed
with 18% and 20% efficiency

1972

F. 3

Global PV capacity

First Solar plane flight
around the world

~ Silicon PV manufacturing cost
" " was reduced to $1.25 per watt

Albert Einstein explained
PV effect on a
quantum basis

First pure semiconductor

% was developed

O
*b @ 1948

Solar cells were used for
space applications

1957

8% efficient solar cells
was developed

First modern silicon
cell was invented

1977
Global PV

capacity 500 kW

First CPV system using Fresnel
Lenses, 350 kW

1981

First amorphous silicon
PV cell was developed

Global PV production

reached 21.3 MW I
=

1983

Mew world record for
PV technology by

A0% efficiency

175 kW
nigh concentrating

PV plant was
2002 installed in Arizona

Polysilicon was extensively
used in PV production

PV made up 2.5% of
global energy demand

World total capacity hits 505 GW

2017

PV became the fastest renewable energy
installed by annual growth of 55%



| OPERATION OF A SOLAR PHOTOVOLTAIC CELL

P-N junction: Separate charges ‘
Charge Movement: Electrons
move to one side, creating
electricity.

!/
N
N
N
[ |
|
[ |
]
|
|
]
a
|
L
L
|
L
)

Photon absorption: Sunlight Q
hits the panel, transferring N
energy to the silicon

Electron
Flow

Sunlight

9990 X
ee—g—-' N-Type ;
A 0.0 j Silicon ’ AL

| Silicon
PN-Junction
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Solar cell: A device that
converts solar energy into
electrical energy

A solar cell is operated by a
photovoltaic effect. Process
when two materials, when hit
by light, make electricity
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SOLAR PHOTOVOLTAIC CELL - CURRENT G
VOLTAGE CHARACTERISTICS (I-V CURVE)

A solar cell is operated by a photovoltaic effect

Current (1) Solar cell parameters
o V.. - Open circuit voltage
il B = . - Short circuit current
| m P - Maximum power point
- V., -Current and voltage at maximum power point
-F - Fill factor
N - Efficiency
- \oltage, V R, - Series resistance
_ R, - Shunt resistance

Tl oc

The current (l) is shown on the positive y-axis in a representation of an |-V plot of a solar cell



SOLAR CELL PARAMETERS

Solar cell and |-V curve

Fill factor (FF) is the measure of the |
‘squareness’ of the solar cell i.e. the ratio of
maximum power from the actual solar cell to
the maximum power from an ideal solar cell

|deal diode curve

| i
Vm vn;

Efficiency (n) is defined as the ratio of energy
output from the solar cell to input energy
from the sun.

» Maximum power point, B, =1_x1, " = Max cell power Vil
Incident light intencity P.
__ Maxpower fromreal cell V I
» FF = — . _ VI FF

Max power fromideal cell - V I "N P
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| SOLARCELLS, PV MODULES, PV PANELS & PV ARRAY coms

solar cell

PV module

string of panels

PV array

Source: Solar Energy: Fundamentals, Technology, and Systems - Delft University of Technology, 2014



| AVAILABLE PHOTOVOLTAIC TECHNOLOGIES

Technology Efficiency

Silicon based: crystalline silicon, Passivated Emitter and Rear Contact

1" G ti
eneration (PERC), etc.

2" Generation

Technological combination of thin film & silicon: Il junction solar cell for
3" Generation  space applications (Gallium arsenide); Nanoparticles; Dye-sensitive solar

cell; Perovskite solar cell

N-type bifacial TOPCon solar panel
Source: Sun EVO solar co.

Thin film: Amorphous silicon a-Si; Cadmium telluride CdTe; Copper
indium gallium selenide CIGS; Polymer solar cell; Organic solar cell

Thin-film cadmium Telluride (CdTe) solar panels
Image: Toledo Solar

Reasonable efficiency high cost

Low efficiency

High efficiency

Silicon hetrojunction Thin-film (HJT) modules
Image: Waaree
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" LAND REQUIRED CAN VARY

High-efficiency PV Modules

» Space efficiency: High-efficiency modules generate more

electricity per area.
» Better conversion: They convert more sunlight into usable
power.
» Greater output: Produces more power for the same space.
* Fewer modules: Need fewer modules needed for the

same electricity output.

Solar PV system
size (in kWp)

=
o

= N W MO0 OV 00 O
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o 10 15 20 25 30

35

40 45 50

Roof size used for solar panels (in m?2)

Peak Radiation x Area x Efficiency

Power produced

(Watts)




| TECHNICAL SPECIFICATIONS OF A PV MODULE

Hetero Junction Technology (HJT)

MODEL TYPES AND RATINGS AT STANDARD TEST CONDITIONS (1000W/m?, AM 1.5, 25°C)?

NOMINAL VALUES [GIN | PS4l | SOMON | FSSMSK | FSGIS | FSGASA | FS6l60M
MNominal Power® (-0/+5%) Praax (W) 430 435 440 445 450 455 460
Efficiency (%) % 17.4 17.6 17.8 18.0 18.2 18.4 18.6
Voltage at Pyax Vaax (V) | 182.6 183.6 184.7 185.7 | 186.8 187.8 | 188.8
Current at Pmax Inaax (A) 2.36 237 2.38 2.40 2.41 2.42 2.44
Open Circuit Voltage Voc (V) 219.2 219.6 220.0 220.4 221.1 22.2.0 222.9
Short Circuit Current Izc (A) 2.54 2.55 2.55 2.56 2.57 2.58 2.59
Maximum System Voltage | Vsys (V) 15008

Limiting Reverse Current Ir (A) 5.0

Maximum Series Fuse lcr (A) 5.0

RATINGS AT NOMINAL OPERATING CELL TEMPE

RATURE OF 45°C (800W/m?, 20°C air temperature, AM 1.5, 1m/s wind speed)?

Nominal Power Puax(W) | 3247 | 3285 | 3324 | 3360 | 3399 | 3436 | 3473
Voltage at Pyax Vmax(V) | 1709 | 172.0 | 1731 174.1 175.2 176.2 176.3
Current at Pyax Imax (A) | 1.90 1.91 1.92 1.93 1.94 1.95 1.97
Open Circuit Voltage Voc (V) | 2070 | 2073 2077 | 2080 | 2088 | 2096 | 210.4
Short Circuit Current lsc (A) 2.05 2.06 2.06 2.06 2.07 2.08 2.09

TEMPERATURE CHARACTERISTICS

Module Operating Temperature Range (°C) -40 to +85
Temperature Coefficient of PMH Ty (P -0.32%/°C [Temperature Range: 25°C to 75°C]
Temperature Coefficient of V, T, (Vo) -0.28%/°C
Temperature Coefficient of I, T, (o) +0.04%/°C

Canadian solar high efficiency heterojunction cell

technology 415-440 Watts
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Thin film technology

ELECTRICAL DATA | STC*
CS6R 415H- 420H- 425H- 430H- 435H- 440H-
AG AG AG AG AG AG

Nominal Max. Power (Pmax) 415W 420W 425W 430W 435W 440W
Opt. Operating Voltage (Vmp) 33.6V 337V 33,7V 338V 338V 339V

Opt. Operating Current (Imp) 1234 A 1248 A 12.62A 1276 A 12.89A 13.02A

Open Circuit Voltage (Voc) 40.0V 401V 401V 401V 402V 402V

Short Circuit Current (Isc) 13.23A13.28 A 13.33A13.38A 1343 A 13.48A

Module Efficiency 21.3% 21.5% 21.8% 22.0% 22.3% 22.5%

Operating Temperature -40°C ~ +85°C

Max. System Voltage 1500V (IEC) or 1000V (IEC)
Module Fire Performance CLASS C (IECB1730)

Max. Series Fuse Rating 25 A

Application Classification Class A

Power Tolerance 0~+5W

* Under Standard Test Conditions (STC) of irradiance of 1000 W/m?, spectrum AM 1.5 and cell tempera-
ture of 25°C. Measurement uncertainty: +3 % (Pmax).

ELECTRICAL DATA | NMOT*

CS6R 415H- 420H- 425H- 430H- 435H- 440H-

AG AG AG AG AG AG
Nominal Max. Power (Pmax) 317W 321W 325W 329W 332W

Opt. Operating Voltage (Vmp) 32.2V 323V 323V 323V 324V
Opt. Operating Current (Imp) 9.85A 9.95A
Open Circuit Voltage (Voc) 38.1V 381V 381V 382V 382V 383V

324V

336W

10.06 A10.17 A 10.27 A 10.37#\:

Short Circuit Current (Isc) 10.66 A 10.70 A 10.74 A10.78 A 10.82 A 10.86 A

* Under Nominal Module Operating Temperature (NMOT), irradiance of 800 W/m?spectrum AM 1.5,
ambient temperature 20°C, wind speed 1 m/s.

MECHANICAL DATA

Specification Data

Cell Type HJT cells

Cell Arrangement 108[2X(9X6)]
1722 X 1134 X30 mm

Dimensions ,
(67.8X44.6 X 1.18in)

Weight 23.0 kg (50.7 Ibs)

Front Glass i M e R
Back Glass 1.6 mm heat strengthened glass
Frame Anodized aluminium alloy

J-Box IP68, 3 bypass diodes

Cable 4 mm? (IEC)

Portrait: 410 mm (16.1 in) (+) / 290

Cable Length - . .
(Including Connector) F;?B(?r:l])f Ing )5 Ienicksea pes: 1 0Gmm

16 or PV-KST4/xy-UR, PV-KBT4/xy-UR

Connector (IEC 1000 V) or PV-KST4-EVO2/XY, PV-
KBT4-EVO2/XY (IEC 1500 V)
Per Pallet 35 pieces

Per Container (40' HQ) 910 pieces

* For detailed information, please contact your local Canadian Solar sales and
technical representatives,

TEMPERATURE CHARACTERISTICS

Specification Data

Temperature Coefficient (Pmax) -0.26 % / °C
Temperature Coefficient (Voc) -0.24 %/ °C
Temperature Coefficient (Isc) 0.04% /°C

Nominal Module Operating Temperature 41 + 3°C

First solar Series 6 Advanced thin film solar technology 430-460 Watts



TECHNICAL SPECIFICATIONS OF A PV MODULE

as YN EE R EEEREERNp " Am g "aguE gy,

Some important parameters to

consider:

IV curve of PV module
Efficiency
Light induced degradation

Potential induced degradation

= « Temperature coefficient
=« Linear Warranty, etc.

EREEEEE RN np NN nneNgge YA N R EEEEEe "R REEEEE

Maximum power

Maximum power voltage
Maximum power current
Open circuit voltage

Short circuit current
Module efficiency

Power tolerance
Temperature coefficient |
Temperature coefficient V
Temperature coefficient P,
Module weight (+ 1 kg)

Dimensions (H x L x D = 1 mm)

P

Vv

[Wp]
pmax LV
e A
Vo V]
I [A]
n [%]
W,
%/ K.
%/K.
%/K.
[kel

[mm]

max
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300

32.8
9.16
39.85
9.71

18.4
-0/+5
0.03
-0.30
-0.38

19

1650 x 990 x 38
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| STANDARD TEST CONDITIONS AND WORKING ATV
CONDITIONS OF PVY MODULES

Standard Test Conditions (STC) Nominal Operating Cell Temperature, NOCT
NOCT is closer to real-world conditions than STC

Cell temperature = 25°C

Irradiance = 1000 W/m? Ambient temperature= 50°C
Air mass = 1.5 Irradiance = 800 W/m?
Air mass = 1.5

Wind speed = 1 m/s

Power P in (W) = Voltage V in (V) x Current, | in (A)
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| WORKING CONDITIONS OF PV MODULE WITH AN
VARIED RADIATION AND TEMPERATURE

Performance with varied temperature Performance with varied solar radiation

Maximum power increases with increasing irradiance

Maximum power voltage changes little with irradiance

L A Increasing Reference yvalue Current increases with

temperature 1000 W/m? A constant resistance

power output

Increasing ,
temperature 750 W/m
increases current

Increasing temperature 4 500 W/m?
reduces voltage

T=0°C

T=25°C
Voc changes little
T=50°C =——Pp with irradiance

Reference value 250 W/m2

Constant
Vo Itage Voltage Temperature

Power P in (W) = Voltage V in (V) x Current, | in (A)



LINEAR VS NON-LINEAR WARRANTY OF A PV MODULE

Guaranteed module performance, %

100 % —

97 %
95%;
90 %
85 % —

80 % —
75 % —

0% —

‘;

|
1234567891011 121314151617 18192021 22232425
Years

A
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Module developed by: Sastry Akella, ICLEI World Secretariat
Design: Andreina Garcia-Grisanti, Kanak Gokarn — ICLEI World Secretariat
Contributors: Rohit Sen, Felix Akrofi — ICLEI World Secretariat

Supported by:

% Federal Ministry
for Economic Affairs
and Climate Action

on the basis of a decision
by the German Bundestag
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