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Part 1: Introduction



Solar cell



Solar module
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Unresolved 
problem!

1TW 
solar

Solar to the rescue?



US$4.12/W 2008 Q2

US$0.17/W 2020 Q2

Module cost history

24x in 12 years!
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Module cost history

24x in 12 years!
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Lowest PPA bids

1c/kWh!

PPA = Power Purchase Agreement



Lowest PPA bids

1c/kWh!

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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Part 2: How cheap can solar become?



History of PV cost/price reduction
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Part 2: Will PV costs keep decreasing?



24x in 12 years!
95%

PERC transforms industry!









PERC offers new functionalities: Cheap bifacial cells!



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

Honda Dream  1996



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

Honda Dream  1996

Source: PVTECH



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



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

Source: GS-Solar
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Part 3: Longer term cell technology?



Contending technologies
PERC, n-PERT

TOPCon

HJT
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TCO

29.4%
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more 
sophisticated 
“active” AR coat?

Supercharged tandem PERC?

What comes after PERC? – longer term



Free choice or Si

25% UNSW
PERC

41%?

What comes after PERC? – longer term



Si

??

?

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

Perovskite  ✓ ✗ ✗ ✓

Organics (OPV) ✓ ✓ ✗ ✗

Cu2Zn(Sn:Si)S4 ✓ ✓ ✓ ✗

Cu(In:Ga)(S:Se)2        ✗ ? ✓ ✗

(Cd:Zn:Mg)(Se:Te) ✗ ✗ ✓ ?
(Al:Ga:In)(As:P) ✗ ? ✓ ?

What comes after PERC? – longer term

II-VI

III-V



Si - 3 cell tandem

4-6 cell thin-film tandem

What then? – the end for silicon?
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Part 4: Can solar power 
the world?
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Recent studies suggest so!



Pumped hydro storage



“Off river” pumped hydro



“Off river” pumped hydro

300MW, 450MWh Li-ion battery



“Off river” pumped hydro



“Off river” pumped hydro

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

Volvo Group and SSAB to collaborate on the 
world’s first vehicles of fossil-free steel



.  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 H2 will play   
major role mitigating global warming. 

“Solar Photovoltaics: Power Source for the Future”


