





Module cost history

Average Selling Price (ASP), US $/Watt

US$4.12/W 2008 Q2

24x in 12 years!

US$0.17/W 2020 Q2
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Module cost history
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International Energy Agency says (2020):

.“solar is now the cheapest source of electricity in most countries”

. “‘now offer some of the lowest cost electricity ever seen”
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UNSW PERC rules!

Cell Production (MW)

100%

o

Thin-film

< B c¢-5i p-mono PERC

c-5i p-multi PERC

B PV-Tech & Solar Media Ltd., 2021
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Production (MW)

250,000 I By 2022, more PERC installed than any other cell technology!

Approx. 95% of c-Si cell production 0
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PERC offers new functionalities: Cheap bifacial cells!

135-455W BIFACIAL PERC SOLAR PAﬁEL b

"] i?h‘__
AVA VAWAR - ~_—"aw .

Front 455W, Back 342W == ___

Bifacial power output, one facial cost




PERC : Cheap bifacial cells! Half-cut cells, shingling

Honda Dream 1996




PERC : Cheap bifacial cells! Half-cut cells, shingling (now tiling)

{ 'Shingied Solar Modules Ribbon Bonding
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PERC : Cheap bifacial cells! Half-cut cells, shingling
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PERC. - Chean bifacial cells! Half-cut cells, shingling

olar PV Cell Sizes
210 mm

182 mm
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Size trend of silicon wafer in semiconductor and PV industry
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CLEAN Solar Panel Size Vs Power Output ~1.1m
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INNOVATIVE PACKAGING CONCEPT Trinasolar

-
TRINA VERTEX FAMILY Trinasq =~ e : :
Maxirnizirg the space vliization of containers, 12% saving in transportation cosls comparing
Trina solar Vertex series to the traditional packing
Cover all application scenario
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Contending technologies
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UNSW reported first TOPCon solar cell (1983)

[ | | |
High Output Voltage ’
B Silicon Cells e
AMO, 25°C 7
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¥
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Solar Cells, 8 (1983) 3 - 16 d First
roe S / TOPCon®
ADVANTAGES OF METAL-INSULATOR-SEMICONDU — P |
STRUCTURES FOR SILICON SOLAR CELLS y (UNSW)_' - &nd
M. A. GREEN and A. W. BLAKERS ; - Momsat e |
Solar Photovoltaie Laboratory, University of New South Wales, Kensingt ~ _-" NASAe -
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Shift to n-type wafers?

PERC, n-PERT
0T
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Advantage

n-type CZ wafers can be better quality
Gives:

. higher efficiency

. lower temperature coefficients

. better bifacial response
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Shift to n-type wafers?

Efficiency, %
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Shift to n-type wafers? & Y &
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Shift to n-type wafers?

OrvreCcH
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What comes after PERC?

Switch to n-type wafers?? PERC, n-PERT

Capacity forecast of N-type technology
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W Production (MW)
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Grass greener on other side?

.
JINERGY
SILEVO
.
N
su E
ao™,
‘\\ ;
2010

Background Information

JINERGY

ENN
-

S 2015 7ER) amm—

Neo™

Planned HJT Projects



Grass greener on other side?
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Grass greener on other side?

2. Problems from mass production line

sodar techmology

1) Ingot’s lifetime
23.800%

L
&l [ ]
2700% N lo
| ®
11y
in i Y1 |
23600% | A1/
o R ‘—'l— ‘i—' * 5 Long lifetime ingot represents good
B 23.500% e . e W 3 M quality wafer, which brings high
_ +,.-- ; efficiency solar cell.
23,400% = Y L7 » Wafer quality should be controlled,
' . l' ~7 even for N-type wafer
23.300% e
23.200%
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Ingot lifetime(ps)
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Grass greener on other side?

2. Problems from mass production line

&risen

sodar tu:rhrnlnq,-

1) Ingot’s lifetime
23.800% ry

23.700% kl.h‘ i ;

PVinsights

Item High Average
PV Grade PolySilicon (9N/9N+) 17.400 10.500 15.630
2nd Grade PolySilicon (6N-8N) 9.500 8.000 8.470
N Mono Grade PolySilicon in China 17.400 17.050 17.240

(12N/12N+)

Unit: USD/Kg more Last Update: 2021-03-17



Grass greener on other side?

2. Problems from mass production line

sodar tcrhmlﬁ

1) Ingot’s lifetime ; ; : .
m For HJT, thinner wafer is more important for cost reduction
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What comes after PERC? — longer term

more

sophisticated 5

“active” AR coat?

thin-Alm

+
p cell stack

Supercharged tandem PERC?




What comes after PERC? — longer term
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What comes after PERC? — longer term

Like silicon, ? needs to be abundant, non-toxic, stable, efficient (>20%)

Perovskite v X X v

?? — Organics (OPV) v / X X
Cu,Zn(Sn:Si)S, v v v X

? 1V { Cu(In:Ga)(S:Se), X ? v X
(Cd:Zn:Mg)(Se:Te) X X v ?

-v  (Al:Ga:ln)(As:P) X ? v/ ?

IIIIII



What then? — the end for silicon?

Si - 3 cell tandem TCO—,
4-6 cells —
TCO—"
_‘,..-'"
EVA
4-6 cell thin-film tandem "~ =
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Part 5: Can solar power
the world?




Source of global CO, emissions
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Recent studies suggest so!

Funded by DEU s
ABRRIL 2018 ‘E'.I?' MERCATOR
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GLOBAL ENERGY SYSTEM
BASED ON 100% RENEWABLE ENERGY

Power. Heat, Transport and Desalination Sectors

.

Breyer C et al. (LUT) March 2019 (supported by the German Federal Environmental Foundation (DBU) and Stiftung Mercator ) @ U!}!%W
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Recent studies suggest so
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Demand - MY

Storage — Off-peak hot water (NSW residential load 2010)
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3J00MW, 4S0MWh Li-ion battery
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“High Efficiency Silicon Solar Cells”

. To become “insanely cheap’!

(Ramez Naam)

PERC continues to

accelerate pace of change

. 10c/Watt (US$) modules
within next few years (&
1c/kWh electricity prices)!

. Solar to play a major role in

mitigating global warming.

CO. emissions (Gt CO./yr)
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