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Issues Related to Greater EV Penetration

Cost

EV range

Battery energy density
BEV vs. E-REV vs. PHEV
Fast charge vs. battery swap
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Cost is single largest challenge SYSTEMS

Battery cost is significant portion of vehicle cost

Consumers focus on initial cost, not total cost of ownership
Costs are coming down faster than expected

As price drops, analysts

expect significant
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Hidden costs of continued petroleum use SYSTEMS

Environmental and societal costs are not explicitly built into
the price of fuel

If they were, EVs would look much more attractive than ICE vehicles
Question is not: “How much would it cost to switch to EVs?”

The real question: “How much will it cost if we don’t?”
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Range Anxiety SYSTEMS

Perceived EV range is a potential barrier to wider EV
adoption
Not necessarily the actual EV range, but fear of being stranded
Half of trips are <40 miles
% are < 100 miles
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Strategies to address range anxiety

Batteries with high energy density
Battery switching

Fast charging

Extended-range EV (E-REV) or PHEV
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Batteries with higher energy density SYSTEMS

There is no Moore’s Law for batteries
Energy density expected to improve steadily (8-10% / year)

Industry analysts expected lithium ion batteries to dominate
the EV and PHEV market for this decade

Significant effort to develop new cathode and anode

A123 is pursuing multiple paths for next-generation products
Internal development and collaboration with others
Expectation: higher energy density, lower cost

©2011 A123 Systemes, Inc. All rights reserved.



Battery switching SYSTEMS

Battery switching has been demonstrated commercially

April 26, 2010:

Better Place launches Tokyo Taxi
Project using A123 batteries

First commercial demonstration of
EV battery swapping

Average switch time: 59.1 seconds

" s - ‘

better place Q

Trial extended another 3 months
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Fast charging SYSTEMS

Low rate charging: 110V, 15A outlets add 4-5 miles of EV
driving range per hour of charging

Variety of definitions of “fast charging”

Capability of electrical outlet to deliver power usually limits charge
rate, not battery’s capability

Example: 20 kWh EV would need more than 10 times the 110V outlet
power to be charged in one hour

Three challenges
Additional cost (charger, on-board hardware)
Impact to the grid
Impact to battery life
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Extended-range EVs or PHEVs SYSTEMS

An on-board generator or range-extender can eliminate
concerns about being stranded

Potential to use smaller battery than BEV

Examples: Chevy Volt, Fisker Karma
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EVs and PHEVs reduce lifecycle emissions SYSTEMS

Life Cycle Assessment of
Greenhouse Gas Emissions from
Plug-in Hybrid Vehicles: Implications
for Policy

CONSTANTINE SAMARAS®-"®* AND
EYLE MEISTERLING™

Department of Enpireering and Public Pelicy, oad
Department of Crenl oad Enviroremenial Engineering.
Camegie .Hr.:?-.:n University, 5000 Forbes Avemue,
Fritsburph, Pennsyieanio 152132890

As grid gets
cleaner, EVs and
PHEVs also get
cleaner

EVs and PHEVs are
the only vehicles
that get cleaner the
longer you drive
them
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...even when you consider battery production SYSTEMS
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Battery production
represents a relatively
small percentage of
the life cycle
greenhouse gas
emissions from PHEVs
and EVs
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Technology (Empa) FIGURE 1. Life cycle GHG emissions (g COz-eq/km) of conven-
Came to same tional vehicles (CVs), hybrid electric vehicles (HEVs), and plug-in
conclusion in recent hybrids (PHEVs) with all-electric ranges of 30, 60, or 90 km. Life cycle
study GHG intensity of electricity is 670 g COreq/kWh (186 g/MJ; US.

average scenario). Uncertainty bars represent changes in total
http://pubs.acs.org/doi/abs/10.1021/es003729a  emissions under the carbon-intensive (950 g COeq/kWh) or
low-carbon (200 g CO,e/kWh) electricity scenarios.
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Efficiency is not a four-letter word

Efficiency means:

Producing more goods
and services using less input
(energy, materials, labor)

Reducing energy consumption
and emissions

Less waste

Lower opex
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But if Efficiency was a four-letter word, INEES

it would be FUEL

Figure 1

California Holds the Line on Electricity Consumption
(Per Capita Electricity Sales in Kilowatt Hours per Person)
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Global Grid Deployments SYSTEMS

Operational

In construction
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Lifecycle Management: Reduce, Reuse, Recycle  systems

* Reduce
+ Virgin material input
+ Energy consumption

* Reuse

+ Secondary use

* Recycle
+ At end of life
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New Innovations: 24M Technologies SYSTEMS
» Technology spun out of A123, to a B N

new startu P Semi-Solid Lithium Rechargeable Flow Battery

Mihai Duduta, Bryan Ho, Vanessa C. Wood, Pimpa Limthongkul,
Victor E. Brunini, W. Craig Carter, Yet-Ming Chiang*

* |tis a semi-solid flow cell

» Uses lithium ion active materials
to store lithium, but

* These materials are in a semi-
solid, flowable suspension

* Minimize the inert materials

» Potential for much lower cost on
a S/kWh basis
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Conclusion SYSTEMS

New technologies are fundamentally reshaping how energy
is produced and used

Lithium ion batteries are improving, especially in the area of
cost

Innovation in this space will continue to open new
applications
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