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PV IS NOW CHEAP...BEYOND EXPECTATIONS 2
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LONG TERM COST REDUCTIONS
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RESEARCH QUESTIONS

1. How did solar
become cheap?

2. Why did it take
so long?

3.How can it be a
model
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PROJECT INDEPENDENCE
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MAKING IT “ran” e
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IMPROVEMENTS IN PV MANUFACTURING 7
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HOW DID SOLAR GET CHEAP?
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PV AS
A MODEL FOR
LOW-CARBON
INNOVATION
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WE NEED MULTIPLE MODELS
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ACCELERATE INNOVATION DACCS EXAMPLE 15
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ACCELERATE INNOVATION DACCS EXAMPLE 16
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ACCELERATE INNOVATION *
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APPENDIX



HOW TO ACCELERATE LOW-CARBON INNOVATION 20

WE NEED MULTIPLE MODELS
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Monthly U.S. imports of solar photovoltaic modules (2017-2019) R
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REASONS FOR OPTIMISM

1 .technology IS 5. adaptation incentives

: : strong
Improving

6. co-benefits: local and

2. emerqging collective : .
9'ng immediate

action
7. examples of low-

3. learning from policy energy, high-HDI

experience

: 8. yvoung adults
4. success in other areas y 9




Technology Niche Demand

Push Markets Pull e -,
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Technology Niche Demand
Push Markets Pull e
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Technology Niche Demand Scale
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POLICY DIFFUSION &

Feed in tariffs by year implemented
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SOLAR PANELS ARE
NOW EXTREMELY CHEAP




PV COSTS
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Technology Niche Demand Scale
Push Markets Pull e -, UP
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Technology Niche Demand Scale 31
Push Markets Pull Si€.. Up

Eal T
-

1950 1960 1970 1980 1990 2000 2010 2020

Average selling price (»/VV)

I
—Q-Cells
$4.00 - Hanwa
o Suntech
—Yingli
$3.50 ¢ Trina
-------- FirstSolar
$3.00 - _‘ —JA Solar
SolarFun
$2.50 - Cdn. Solar |
$2.00 -
$1.50 -
$1.00 -
$0.50 -
$0.00 ‘

\ \ \ \ \
2002 2004 2006 2008 2010 2012 2014 2016




L — *
W — *
——— n - ) :

1

1

1

2000 \
2014 2016

Technology Niche Demand Scale 32
Push Markets Pull ... up
1950 1960 1970 1980 1990 2000 2010 2020
0.3 : ‘ —b-Cells
—Hanwao
g C
e 4 I\l \A /0 B e FirstSolar
© —JA Solar
3 0-2 SolarFun
.§ Cdn. Solar |
50.15— N
§ :
:g’ 0.1 \; 15,000“
5 S
= O
%o.o5— Q
INDUSTEY COI
L .2 10,000
1990 199553
n
£

to the world

2015 2020 PAOVIS) 2030 2035 2040 2045 2050

Creutzig, F., P. Agoston, J. C. Goldschmidt, G. Luderer, G. Nemet and R. C. Pietzcker (2017). "The under-
estimated potential of solar energy to mitigate climate change." Nature Energy 2: nenergy2017140.




HOW TO SPEED
UP INNOVATION



THE IRON LAW OF ENERGY POLICY: ey
Policymaking in energy always

involves multiple objectives.

Affordability -->

Cheap macro-economic s_hpcks
energy for the 2 billion

health effects of air pollution -->

Clean damages from unstable climate

uninterrupted supply
Reliable domestic/friendly sources -->
negotiating on other issues
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TRANSITIONS ARE SLOW
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ENERGY TRANSITIONS ARE HARD .

1. Want CHEAP,
CLEAN,RELIABLE =519l

2. Past transitions IEXCEEEE
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