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Measuring progress toward decarbonization

- Example 1: Photovoltaics’ cost decline prospects for the future
- Example 2: Profitability thresholds for stationary storage

- Example 3: Batteries evaluated against driving behavior



Price decline in photovoltaics modules
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Trancik, Brown, Jean, Kavlak, Klemun et al., Technical Report, 2015; Trancik, Nature 2014; Trancik, Nature 2015



Profitability of storage technologies for solar and
wind energy
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Braff, Mueller, Trancik, Nature Climate Change 2016




Profitability of storage technologies for solar and
wind energy
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PHS: pumped hydro storage
CAES: compressed air energy storage

Braff, Mueller, Trancik, Nature Climate Change 2016




Batteries evaluated against U.S. driving patterns

mn. /‘

0 100

0.1r

Portion of Days
3

0.02 r

2oo 3oo 4oo 5oo soo 7oo soo
Time (s

Based on driving patterns
across all U.S. cities and
millions of drivers....

vehicle-days (% covered by Nissan Leaf)

: Current |
: Vehicle |87
: Capacity gasoline

displaced (%)
¥

1 61

10° 10° 102 S
Vehicle Day Energy (kWh)

Needell, McNerney, Chang, Trancik, Nature Energy 2016

~90% of vehicles can be replaced
by a low-cost electric vehicle on
an average day, even if only
nighttime charging is available.

This number is remarkably
similar across diverse cities, from
Houston to New York.



Diminishing returns to battery improvement
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Needell, McNerney, Chang, Trancik, Nature Energy 2016



Cost and emissions of vehicle powertrains
(see carboncounter.com)
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Miotti, Supran, Kim, Trancik, Environmental Science & Technology 2016; carboncounter.com
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Limits to technology improvement
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Kavlak, McNerney, Jaffe, Trancik Energy & Environmental Science 2015



