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The green path requires global CO2 emissions to flatten 
for the next decade and then decrease to nothing (and 
b l ) th t f th tbelow) over the rest of the century.

Yet even the green path leavesYet even the green path leaves 
>10% chance of passing 
declared temperature limits.

350-400 ppm CO2
Currently ~385 ppm
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IPCC AR4 Synth Fig 5.1



Several types of feedbacks determine 
the magnitude of climate changethe magnitude of climate change.

“Fast”

GHGs
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A 2°C target with conventional risk measures requires 
CO2 concentrations to fall from present levels.

Present

2°C
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Lemoine (under review) Fig 11a



Achieving ~80% reduction in greenhouse gas 
emissions requires low-carbon transportation 
options. California GHGs

(2004)

World GHGs (2004) U.S. GHGs (2007)

CEC 2006 Fig 3
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IPCC 2007 WGIII Fig TS.2b

Calculated from
EPA 2009



State and national policies are resetting 
the emission trajectory but technologicalthe emission trajectory, but technological 
transition will need to accelerate further.

Results from a model of California’s vehicle and fuel policies
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Lutsey (2010), Figure 5

Results from a model of California s vehicle and fuel policies



What near-term changes can make a dent in 
transportation sector emissions?transportation sector emissions?

1) Reduce demand
4 ways to reduce GHG emissions from personal vehicles

2) Ch d f1) Reduce demand
for travel 2) Change mode of 

travel

3) More efficient 
vehicles

4) Lower-carbon fuels
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Outline

• Electrified vehicles

– Promise

– Forthcoming innovation?

• The role of R&D in climate policy
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Electrified vehicles
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H b id

Advanced batteries enable new fuel options.
Hybrid

Plug In Hybrid

Chevy Volt

Plug-In Hybrid

All-Electric

Nissan Leaf

Toyota Prius
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The Quadruple Benefit of Electrification
By bringing electricity into the transportation sector, 

electrified vehicles can

• Reduce greenhouse gas emissions

• Lessen dependence on petroleum

• Improve urban air quality

Increase options in the transportation sector• Increase options in the transportation sector

Plug-in hybrids and some all-electric vehicles have the
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Plug in hybrids and some all electric vehicles have the 
range and convenience of conventional vehicles



At recent gasoline prices and 
residential electricity prices driversresidential electricity prices, drivers 
would want to charge plug-in hybrids.

Standard residential tariff 
(PG&E May 2006)

Electricity 
rate

Equivalent 
gasoline price(PG&E May 2006) rate 

($/kWh) 
 

gasoline price 
($/gal) 

B li $0 11430 $1 50Baseline usage $0.11430 $1.50
101%-130% of Baseline $0.12989 $1.71 
131%-200% of Baseline $0.21981 $2.89
201%-300% of Baseline $0.30292 $3.98 
Over 300% of Baseline $0.34648 $4.55 
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Lemoine, Kammen, and Farrell (2008)



Most grids can 
handle near-termhandle near term 
plug-in hybrid 
l d i ll ifload, especially if 
directed towards 
off-peak charging.
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Electrified vehicles can achieve the 
next level of greenhouse gas emissionnext level of greenhouse gas emission 
reductions.
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Life-cycle greenhouse 
gas emissions

Carbon-intensive 
electricity
Electrified vehicles

g

Electrified vehicles 
get cleaner as 
renewables enter 

Low-carbon

the electricity 
sector.
Low carbon 
electricity

1/28/2010 Samaras and Meisterling (2008)
Figure 1



Plug-in hybrids can be a good climate deal provided 
batteries are cheap and electricity is low-GHG..
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Kammen, Arons, Lemoine, and Hummel (2009)



What role for innovation inWhat role for innovation in 
electrified vehicles?
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1) Batteries may need to reach the low 
end of intermediate term projections forend of intermediate-term projections for 
plug-in hybrids to pay for themselves.

PHEV break-even 
battery cost

Gasoline price ($/gal)
$2 $3 $4$ $ $

Electricity

HEV CV HEV CV HEV CV

$0 05 $277 $298 $472 $479 $666 $660Electricity 
price 

($/kWh)

$0.05 $277 $298 $472 $479 $666 $660
$0.10 $166 $235 $360 $416 $555 $597
$0.15 $55 $172 $249 $353 $443 $534

*At $0.10/kWh and $3/gal and relative to a hybrid vehicle,
all electric vehicles need batteries to cost $79/kWh
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all-electric vehicles need batteries to cost $79/kWh.

Lemoine, Kammen, and Farrell (2008); Lemoine and Kammen (2009)



2) New business models may help 
capture in-vehicle value of batteries.capture in vehicle value of batteries.
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Lemoine (in press) Fig 3b



3) “End-of-life” and non-motive battery 
uses can increase valueuses can increase value.

Monthly 
lease 

tpayment 
for plug-
in hybrid
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Williams and Lipman (2010) Figure 2



Conclusion:Conclusion:
The role of R&D in climate strategies
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Where would you place scarce 
time and money?

Finding: Both
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Finding: Both



Emission paths are determined by climate goals 
and not by R&D, but R&D can make them much y
cheaper.

435 ppmpp
in 2100

Lemoine et al. (under review) Fig 6

390 ppm
i

( ) g
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Clean energy R&D will determine 
how fast new technologieshow fast new technologies 
penetrate and who develops them.

• Breakthroughs that reduce the cost of 
l ld idl fi dclean energy would rapidly find 

domestic support.

• Cheap, new technologies could play aCheap, new technologies could play a 
key role in international climate 
agreements
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agreements.



Official climate goals will require 
new vehicle technologiesnew vehicle technologies.

• Better batteries can enable rapid p
diffusion of electrified vehicles.

• Novel consumer education strategies 
may be critical for adoptionmay be critical for adoption.

• Deployment of electrified vehicles can• Deployment of electrified vehicles can 
make renewable electricity sources 
more attractive and vice versa
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more attractive and vice versa.
dlemoine@berkeley.edu


