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Global Energy Assessment:
"Without question a radical transformation of the present
energy system will be required over the coming decades.”

GEA, 2012: Global Energy Assessment — Toward a Sustainable Future, Cambridge University Press, Cambridge UK and New
York, NY, USA and the International Institute for Applied Systems Analysis, Laxenburg, Austria.

IPCC Mitigation Study:
“The only safe path forward is to arrive at a carbon neutral

world in the second half of this century.”

Ms. Figueres, Executive Secretary, UNFCCC.
http://unfccc.int/files/press/press_releases_advisories/application/pdf/pr20141304_ipccwgs.pdf

NRC Transitions Study:

“Vehicles and fuels in the 2050 time frame would have to
include at least two of the four pathways: much higher
efficiency than current vehicles, and operation on biofuels,
electricity, or hydrogen (all produced with low GHG
emissions).”

NRC, 2013, Transitions to Alternative Vehicles and Fuels, National Academies Press, Washington, DC.



Takes decades: social vs. private discount rates critical.
Requires technological progress: inherently uncertain.
Externalities +: e.g., monopoly power in world oil market.
Other market shortcomings: e.qg., energy paradox.
Creates network external benefits & positive feedbacks

Value of fuel availability to car buyers

Learning-by-doing spillover

Reduction of risk-aversion of majority

Value of choice diversity vs. scale economies

Deep Uncertainty
Future markets
Technological change
New knowledge of processes

Beyond internalizing externalities



= NRC Transitions to Alternative Fuels and Vehicles

"Scenarios will consider technology as well as policy
options and consider the likelihood of achieving 5o
percent reduction in petroleum consumption by 2030
as well as 8o percent reduction in petroleum
consumption and greenhouse gas emissions by 2050.”

= |CCT Study of Transition to Electric Drive in CA
NRC model, market & technology assumptions
Interaction between CA + 177 States and Rest of US
Analyses of policy timing & intensity
Greater emphasis on uncertainty



Transportation Energy Use by Energy Source, 1950-2012

Quadrillion Btu

. Re q U i re S : L"1950 1360 1970 1980 1590 2000 2010
Fuel economy standards >gompg
At least 10 billion gallons of low C biofuel

Adjustment of motor fuel taxes
= Plus at least one of the following:

Hydrogen fuel cell vehicles
Plug-in electric vehicles
45 billion gallons of low-C biofuel
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2009 Dollars
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GreenhouseGasimpacts(MMTCOZ yr)

Greenhouse Gas Impacts and Petroleum Usage, FCVs + Policy
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Estimated Electric Drive Market in California and the Section 177 States: Scenario 1
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Estimated Electric Drive Market in the Rest of US: Scenario 1
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Year Transitions Policies are Implemented



Changein Perceived Cost per Car

Impacts of a $100 Greater Subsidy per FCV in 2020
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Present Value 2009 Dollars
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Innovators/majority: How many? How much? How
long?

How important is fuel availability?

How important is limited range/long recharging time?
How many PEV buyers will also purchase level 2
charging?

How valuable are workplace & public recharging?
How valuable is diversity of choice?

How big are scale economies?

What will future technology costs be?

How will costs be affected by learning by doin??
How important is coordination with the rest of the
world?

How sensitive are consumers’ to vehicle and fuel
prices?

What are viable policy & business models for early
recharging and refueling infrastructure?

Which policies are most cost-effective and acceptable?
17



