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1983: First 18% Si cell
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PERC market share
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Bifacial PERC half-cells
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1996 Honda Dream
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1996 Honda Dream



more sophisticated 
“active” AR coat?

Q: What ideally comes after PERC?

Tandem PERC! – but what thin-film material?



Green elements: Abundant and benign

rare RoHS toxic OK
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Green elements: Abundant and benign



more sophisticated 
“active” AR coat?

Triple-junction PERC! – middle cell nearly for free!

What comes after double-junction PERC?
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Quadruple-junction thin-film! 
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Module cost / watt

>15x in 10 years



Zhengrong Shi, 12th PhD student, “First Solar Billionaire”
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Low bids: power purchase agreements

Wind
How low?
$10/MWh?
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Low bids: power purchase agreements

Wind
How low?
$10/MWh?
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Cumulative PV installed (MW) 

2018
$0.224/W

10

US$/W

1

0.1

199
8

200
8

‘experimental’ phase

‘industry-development’ 
phase

100

1 Terawatt (TW)

2012

2023
$0.1/W

‘mass-production’ phase

Learning curve



Unresolved 
problem!
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Market impact

Electricity

Electricity
& Transport

1TW/year

Creutzig F et al. 2017 Nature Energy 2 17140; Breyer C et al. 2018 Prog. PV: Res. Appl. 26 505
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Summary
1. Recent shake-up PV technology
2. Si-tandems evolve to thin-film tandems
3. Market continues to grow rapidly
4. TW era approaches


