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Part 1: Introduction




Solar cell
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Solar module
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CLEAN Solar Panel Size Vs Power Output ~1.1m
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Gigawatts
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Solar PV Global Capacity and Ann
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Solar to the rescue?
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Module cost history

US$4.12/W 2008 Q2

24x in 12 years!
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Module cost history

US$4.12/W 2008

Average Selling Price (ASP), US $/Watt
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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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History of PV cost/price reduction
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PERC transforms industry!

Cell Production (MW)
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Process Optimization of Ingot Pulling Technology

o /

Continuous increase of feeding rate
*  Large scale harmal feld « RCz ngot pulling tochnology (appted since 2013)

LA

High speed ingot pulling technology

* Puling spoed ncrensed S0%« since 2013

Production line automation
+  Automatic control system
« Automatic odge cleaning sysiem

»  Adiomatc eding lechnology




Process Optimiza/ logy
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PERC offers new functionalities: Cheap bifacial cells!
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PERC : Cheap bifacial cells! Half-cut cells, shingling

Honda Dream 1996




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

Shingled Solar Modules Ribbon Bonding

Module Efficiency Improvement:

Soyrce: PVTECH

Honda Dream 1996




PERC : Cheap bifacial cells! Half-cut cells, shingling
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PERE) : Cheab bifacial cells! Half-cut cells, shingling
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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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Contending technologies
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What comes after PERC? - longer term

more $

sophisticated

“active” AR coat?
thin-film

+
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 4

?? —_ Organics (OPV) v v X X
Cu,Zn(Sn:Si)S, 4 v v X

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

n-v - (Al:Ga:In)(As:P) X ? v ?

DDDDDD



What then? — the end for silicon?
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Part 4. Can solar power]
the world?



Recent studies suggest so!
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300MW, 450MWh Li-ion battery




i I8 IRENA
GREEN
HYDROGEN
COST F' cowerceneraTION
REDUCTION COSTS IN 2020

SCALING UP
ELECTROLYSERS
TO MEET THE 1.5°C
CLIMATE GOAL
S g




e el e T T ep— - )
L BTy vt <L L

32"
“Velvo G

Group aléd SSAB to collaborateion the

"World first’ as hydrogen used to
power commercial steel production




“Solar Photovoltaics: Power Source for the Future”

. Si PV to become ‘insanely cheap”

(Ramez Naam)

. PERC accelerates change

. US10c/Watt, 22-23% efficient modules

within next few years

(+1c/kWh electricity prices)!

. Solar with wind, storage and H, will play
major role mitigating global warming.
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