
1

PROF.   
GREGORY 
NEMET

nemet@wisc.edu

mailto:nemet@wisc.edu


PV IS NOW CHEAP…BEYOND EXPECTATIONS 2
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PV has improved 
more than any other 
energy technology



LONG TERM COST REDUCTIONS 3

1950 2000 2050
1

10

100

1000

($
2

0
1

6
/W

)
PV

1950 2000 2050
1

10

100

1000

($
2

0
1

6
/M

W
h

)

Wind

1950 2000 2050
1

10

100

1000

($
2

0
1

6
/k

W
h

)

Batteries

1950 2000 2050
1

10

100

1000

($
2

0
1

6
/W

)
PV

1950 2000 2050
1

10

100

1000

($
2

0
1

6
/M

W
h

)

Wind

1950 2000 2050
1

10

100

1000

($
2

0
1

6
/k

W
h

)

Batteries



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       1ST PV LEARNING CURVE

$7000/MWh



GERMANY: 
CREATING A 
MARKET

7

1. Policy window  

2. Policy diffusion  

3. Demand Pull  

4. “Gift to the world”
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2000-08  scrappy startups 

2009-10 state support  

2011->  compete, automate  

2017->  cheap electricity
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8CHINA: 
MAKING IT 
CHEAP

▸“China’s own gift to the world”

China’s own 
 “gift to the world”

▸ Low-cost expansion 
strategy 

▸ Iterative upscaling 

▸ Used equipment 

▸ US pension funds 

▸ Sell to Germany

▸2009-10: $10s 
billions of low 
cost loans 

▸2011: Chinese 
Feed-in tariff 

▸2013: world’s 
largest market



IMPROVEMENTS IN PV MANUFACTURING 9

1980 2000 2020
0

200

400

600

800

1000

M
W

Plant size

1980 1990 2000
0

0.05

0.1

0.15
Efficiency

1980 1990 2000
0

50

100

$
/k

g

Silicon price

1980 2000 2020
0

50

100

150

200

cm
2

Wafer area

1980 1990 2000
0

100

200

300

400

500

m
-6

Wafer thickness

1980 1990 2000
0

0.2

0.4

0.6

0.8

Yield

1980 2000 2020
0

200

400

600

800

1000

M
W

Plant size

1980 1990 2000
0

0.05

0.1

0.15
Efficiency

1980 1990 2000
0

50

100

$
/k

g

Silicon price

1980 2000 2020
0

50

100

150

200

cm
2

Wafer area

1980 1990 2000
0

100

200

300

400

500

m
-6

Wafer thickness

1980 1990 2000
0

0.2

0.4

0.6

0.8

Yield



10



11

CREATING 
TECHNOLOGY

MAKING IT 
CHEAP

BUILDING A 
MARKET

SCIENTIFIC UNDERSTANDING NICHE MARKETS LEARNING BY DOING

EVOLVING R&D FOCI MODULAR SCALE ITERATIVE UPSCALING

KNOWLEDGE SPILLOVERS ROBUST POLICY SUPPORT DELAYED SYSTEM 
INTEGRATION

HOW DID SOLAR GET CHEAP?



PV AS  
A MODEL FOR  
LOW-CARBON 
INNOVATION
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WE NEED MULTIPLE MODELS 13



% ELECTRICITY FROM PV 14
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ClimeWorks
Low 
cost
2076

Widespread
adoption

20992017DACCS
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1st 
commercial

Low 
cost

Widespread
adoption

1957 20402017
PV

ClimeWorks
2017DACCS

Low 
cost

Widespread
adoption

ClimeWorks

2030

Widespread
adoption

20602017
Accelerated

model

Low 
cost

Factor of 4 acceleration!

ACCELERATE INNOVATION DACCS EXAMPLE



ACCELERATE INNOVATION DACCS EXAMPLE 16

Scale-up needed for 1% of emissions by 2025 vs PV actuals



ACCELERATE INNOVATION 17

TECHNOLOGY 
PUSH

DEMAND 
PULL

KNOWLEDGE 
FLOWS

CONTINUOUS R&D TRAINED WORKFORCE PUBLIC 
PROCUREMENT

CODIFY KNOWLEDGE KNOWLEDGE 
SPILLOVERS

GLOBAL MOBILITY

ROBUST MARKETS DISRUPTIVE 
PRODUCTION POLITICAL ECONOMY
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