


... ,,,. 

<( 
z 
La.I 
a:! 
<( 

""' .,. .. 
,\ us-1mllan Co,~nw-ni 

~rnllan Rcncw11blc 
Enf1'lzy A~~• 

.... 
ACAP 

UNSW ~tr--• 
OloC»I 
Un, • ....., SY O .. lY 

The Role Solar Energy ill Play in Our Energy Future 

Martin Green, UNSW Sydney, Australia (Millenium Prize 2022) 

l 



Outline 

1. Technology 

2. Costs 

3. Climate Change Mitigation 

UNSW 
• 'f' 0 H l Y 



0 1 2 3 4 

Energy, eV > 

Photon Flux 

, • . 

-
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Solar module 
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-- Encapsulant 

--Solar Cells 

Credit: Alejo Miranda 

UNSW 
l,YD HtV 



Module evolution 

2015 Pre-PERC 
module (16°/o) 

• 

~ 1.0 m 

3, )( 6' 
Cardboard 
....,Cutout 

UNSW 
SYDNEY 

-----. 



• 

Now 1 Horsepower! 

( 
,.,___.... 
. ,.. 

I 

' 

-

' 

~ 1.0 m 

I 

~- ' 
--\ ) 

3, )( 6' 
I Cardboarc:1 
I Cutout 

• • • 
Sfl.Fs TANotNG 

UNSW 
SYDNEY .. -



First efficient cells (1953/4) 

Pearson, Chapin & Fuller 
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First efficient cells (1953/4) 
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First world record (1983: 18. 7% cell) 
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2nd world record (1983: 19.1% cell) 
First PERC sketch (2 reports) 
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M.A. Green et al.) «u1tin1ate Performance Silicon Solar Cells») Final Report) NERDDP Project 81/1264) Jan. 82 -Dec. 83 (dated Feb. 1984). 
M.A. Green) «High Efficiency Silicon Solar Cells», Proposal in response to RFP RB-4-04033, SERI (no,v NREL), March 1984. 
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Subsequent progress 
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------ ----- -----------

What 1comes longer term? 
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What comes longer term? 

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

Perovskite ✓ X ✓ 

?? Organics (OPV) ✓ ✓ X X 
• • - Cu2Zn(Sn:Si)S4 ✓ ✓ ✓ X 

? II -VI Cu(ln:Ga)(S:Se)2 X ? ✓ • 

• (Cd:Zn:Mg)(Se:Te) ✓ ? X • 

111-V (Al:Ga:ln)(As:P) X ? ✓ ? 
• • 

Si 
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When found - the end for silicon? 
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History of PV cost/price reduction 
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Module price history 
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Module price history 
2002 

4 

~ 
ro 
3 
.......... 
-V). 

V) 3 ::::> 
... -a.. 

V) 
<( 
.., --
Q) 

2 u ·-.... 
a.. 
b.O 
C ·---
Q) 

V) 

Q) 1 
bO 
ro 
L.. 
Q) 

~ 

0 

CE(!) 

00 
0 
0 
N 

US$4.12/W 2008 02 

24x 

CTO Co-Founders 

--; ~ 
~~ 
f,'-

• • ,, . 
◄ ' 



SU 

. raised US$400m 

. ''top tech /PO this year'' 

. ''first solar billionaire'' 
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. raised US$400m 
# • ''top tech /PO this year', 

. ''first solar billionaire'' 

~ =---...J . Goldman Sachs $200m 
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Module cost historv 
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. ''now the cheapest source of electricity in most countries'' 

. ''now offers some of the lowest cost electricity ever seen'' 
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Module cost history 
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Outline 

1. Technology 

2. Costs 

3. Climate Change Mitigation 



~ ''our pathway calls for 
~ 

scaling up solar and wind 
rapidly this decade'' 
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Mitigation options 

Wind energy 

Solar energy 

Bi oe I ectri city 

Hydropower 

Geothermal energy 

Nuclear energy 

Carbon capture and storage (CCS) 

Bioelectricity with CCS 

Reduce CH. emission from coal mining 

Reduce CH. emission from oil and gas 

------------------

Mitigation options+ costs & potential 2030 impact 
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Impact 1TW/year 

. > O y ,n 2 23 

. doubling every 3 years 

. 2 doublings possible by 2030 

. gives 1 TW/yby 2027or2028? 

Annual installations GW/year (DC) 
2012-2022: 8/oombergNEF 
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Zero carbon future: Solar, wind, hydro, storage 
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Lightning protection 
system (connected to 
metal frames supporting 
modules and grounded) 

Floats/pontoons 

~ 

PV modules 
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Lightning protection 
system (oonnected to 
metal frames supporting 
modules and groonded) 

Floats/pontoons 
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PV modules 
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Solar photovoltaics: Recent developments & dimate change mitigation 

. To become ''insanely cheap''? 
(Ramez Naam) 

40 ..1--..l---.l.-,...-1--J--J.---+-

. New technology accelerates 
pace of change 

. 1 Oc att (US$) modules 
imminent ( & 1 clkWh electricity 

prices in near future)! 

. Solar to play a major role in 
mitigating global warming. 
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