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= All'ZEV technologies are required to
~achieve 2050 GHG goal

= ZEV markets launched by 2020

= Regulatory mandate necessary.

= Comprehensive policy approach needed to
B pvercome market barriers uniguetoZEVs.
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=R 1990, requirement ini LEV I (0] achieve
“ultimate criteria pollutant reductions

Improvements in conventional vehicle
technology not sufficient to meet air guality
standards, ZEVs were needed

= Modified to better align reguirements with
» siate ofi technology. =

o

S —




History
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=3 Demonstrated ZEN/S _ -
technically viable Jenisle Type Numbers

— Several thousand ZEV | Fuel Cell 250
vehicle demonstration Battery 4,800

— Accelerated battery and Electric
fuel cell development Neighborhood | 28,000

— [nitial public charging Electric
Infrastructure

. —ZEVs on threshold of
early'.commercialization

-mybﬁds - Conventional | 1,158,000
commercialized
= PZEVs widely available

Hybrid or 258,000
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2012-2014

2015-2017

Type IV Fuel Cells

7,500

25,000

Enhanced AT PZEVs —
Plug-In Hybrids

~ 60,000

~ 85,000




History

Bozrd Direction — 2008
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= At the March 2008 Board Hearing, the Board
adopted-Resolution 08-24 directing staff to:

— Review the LEV, Pavley (LEV-GHG), and ZEV
programs, keeping in mind the need to reduce criteria
pollutant emissions, climate change emissions, and

dependence on petroleum,

— Strengthen the ZEV program for model years 2015 and
subsequent, focus on ZEVs and Enhanced AT PZEVSs,

a — Ensure Califennia.is, the center O ZEV. w—
L CommEenrealizanontdevelepment, and

— Return to the Board by the end of 20009.
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History
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s Add'GHG reductioni to ZEV program goals

— Matehrvehicle requirements to achieving 80% GHG
reduction goal by 2050

= ZEV focus: Moving technology from development
to early commercialization
— PZEV and Hybrids are commercial

— Remove from ZEV program
— Considerin setting more stringent LEV and GHG standards
— EnhancediAlRPZEVs (plug HEV)Fand ZEVs (BEVS,
EGV/Ss)not'yet t'commercial

— Focus of revised ZEV program
— Sunset program when commercialization successful
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2050 GHG Analysis

Policy:Question: How many ZEVs are necessary to
achieve an 80% GHG reduction by 20507

= Technical Review
Policy Question: What Is the current status of ZEVs

and ZEV enabling technologies?

= Policy Structure

Policy Question: What ZEV Regulation structure sets
al a path 1o 2050 yet provides apprepriate.incentive

i

structure ferinadustny, success?

SEREVIEW of Complementary Policies

Policy Questions: What other policies, besides the
ZEV regulation, are needed to prevent or remove
market barriers?




Path to 2050
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Trans. sector 38%, LDV Sub- Most relevant for ZEVs, will require dramatic
sector, 28% of GHG total changes in vehicle markets starting in 2020




Carbon Dioxide Emissions (MMT CO2e)

Path to 2050

PASSENCER ENICIENCH GESCERANIGS

300

All advanced vehicles
necessary, early
commercialization by 2020 .
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2050 Goal: 80% below 1990 (22 MMT CO2e) |

1990 2000 2010 2020 2030 2040 2050

Year

Scenario 1: 100% ZEV sales by 2050, 1 billion gallons gasoline equiv (BGGE) biofuels
Scenario 2: 100% ZEV sales by 2040, and more biofuels (1.7 BGGE)

* Hypothetical BAU for this analysis only, does not represent ARB projections. Assumes Pavley 1 and LCFS are implemented.
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Naw Venlcle Emissions

Path to 2050
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Path to 2050

New Passenger. \VVehicle. Sales —SearEfle) 2

100%

80% -

60% -

40%

New vehicle sales (%)

20%

0%
2000 2010 2020 2030 2040 2050

ZEV sales reach 100% by 2040, but on-road fleetis  still mixed:

ZEVs are 87% of on-road fleet in 2050




Scenario

% ¥ GHG
In 2050

Sales In
2400240

Sales In
2025

Current ZEV
mandate

ASY

25,000

30,000

Scenario 1

66%

25,000

Z4s1080/0]0

Scenarior 2
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Path to 2050
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k Rapld sales growth of AV needed Wit hlg'h' 'v'oI"Fr_re__
production beginning by 2020

- — 10,000s by 2020 (pre-commercialization)
— 100,000s by 2025 (commercialization)

= Expansion of low-carbon fuel & electricity supply I1s essential

— Policies that can influence this include RES, LCFS, SB 1505, AB 118

= VMT per capita reductions are important and have large
Jmplications,on the other two (vehicles, fuels)




Technology Status

= Overall Tirends
— Fuel economy and GHG emission focus
= 2010 to 2015
— Increased market share of advanced technologies
— Electrification of light duty vehicle fleet

— Many companies exploring PHEVs and short-range
BEVs

= 2015 and beyond
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.~ Short to mid-range BEVs, PHEVswwith greater: all
___ electric range

“="Fuel cell vehicles




Technology Status

0 cas |
2035 Hybrid retail price $24,100




Technology Status

Viany technoelegical baiiers have Deen overceme
Twoe largestremaining challenges: cost and durability:

Fuel cell system approximately 2x conventional engine
cost (according to U.S. DOE current estimates)

Cost: $61/kW at high volume (2009 DOE projection)

Daimler, Ford, GM, Honda, Hyundai/Kias Teyoeta and
alliance Renault SA and Nissan issue a joint LUA

m—
-__-."

WS Pre-commercialization possible with 2045 technology.
and costs, though continued R&D needed on durability




Technology Status

Li-lon durability” and'cost challenges remain, but have the
potential'tohecome commercially viable and profitable
within next 10 years

Cost: $1000/kWh (today), potential for $300/kWh at high

volume
Durability: Challenges remain for hot climates

Production capacity Is “on track” to support the required
e 2012-2014 pre-commercial BEVs and PHEV:s
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Technology Status

CProlectloris:

— " Allfmajor believe technology portolior
approach necessary.

= Most OEMs committed to BEV and PHEVS pre-
commercialization meeting regulatory.
requirements.

= Several OEMs are prepared to.commit to FCVs
Lprevidedfueling infrastructune s, available,

—

W Saverallmanufacturers plan over.compliance

Two manufacturers plan to significantly exceed the
ZEV production requirements of the regulation




Technology Status

Chrysler
Ford
GM
Honda
Nissan | | |
Toyota _ <> | | | <>G
2008 2009 ‘ 2010 2011 2012 ‘ 2013 2014 2015 2018

G BEVs <> PHEVs (commercialization) ’ FCVs (Commercialization)

PHEVs (demo) FCVs (demo)



Policy Alternatives

—

= Guarantees CA remains on path to 2050

= Market forces along will not sufficiently bring
ZEVs to commercialization

= Specific regulatory mechanisms needed for ZEVsS

ZEVs require slower transition
= Mandate appropriate for 2015-25 to ensure ZEV
Lavolgneduces risk of early market failure

Emission bengfitsipet substantizifenough-at low
S Velumestierguarantee ZEV development

= Once model and technology variety established,
performance std. will take fleet to 2050




Policy Alternatives

Performance Std.
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Policy Alternatives

Alternativesd

~. LEVIIGHG 4
% of §; S
Yearly | e
Sales ]
| LEV IV takes over to get
20% deep reductions needed
| for 2050
p—— ;
Regulation pushes /.
10% | | volumes to /-
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Alternative 2

Policy Alternatives

Red: Steeper LEV Il GHG
curve, with lower ZEV req.

Blue: LEV Il GHG curve,
with higher ZEV Req.

|
2030




Complementary Policies
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(GELDIENT) ‘complementary”

policies needed

Consumer In next 10 years
Acceptance




Complementary Policies

= Current infrastructure minimal with limited
compatibility among different vehicles and
chargers

= Near-term: home charging Is key
= CPUC Rulemaking 09-08-009

= ARE review of electric infrastructurespolicies:
N anRdsubmiplantterneandin 12010




Complementary Policies

Year 2009 2012- |2015-17
| 14
Total FCVst | 193 4.307 | 49.600

H2 Stations? 6 19-31 10]0

1. Source: Aggregated OEM projections from CaFCP 2008 action plan
2. Does not include bus infrastructure

S

" Options to infrastiucture: ThreesProngrApproach™
i Einancial'incentives
2. Fuel performance regulations

3. Alternative fuel infrastructure regulation




Complementary Policies

Einancial incentives
= Hydrogen Highway funding - ARB
— $14.9M to date - Seven stations funded

— SB 1505 requirements met for emissions and
renewables

s Funding from this source discontinued

— =AB 118 fundingeradministered through
=




Complementary Policies

ac|Llatorn

| CFS credit incentives

= Focused on fuels with long-term potential
and larger market barriers

= |nternal evaluation of the benefits and
challenges

ERVWorkshops with stakeholders
S\aintaii CEFS primary goals




Complementary Policies
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- Foéus on vehicle/ftiel technolegies that align
near term infrastructure growth with 2050
low carbon fuel needs

= Energy providers match fuels and outlets te
OEM deployments

w=Align  stations placementsywith vehicle

——

. placements
= Shift compliance burden to suppliers




Coriclusions

I

N ZEV regulation has helpediintroduce:
_ vehicle technologies with very low
SMog-ferming emissions

= Regulation can be modified to also be an
effective tool to address GHG emissions:

— a large Iincrease in the number of ZEVs on the
roads

- —All ZEV technologies are encouraged forthesss
w— AN
= Complementary policies needed to

encourage the purchase and use of ZEVsS
during near term commercialization 33
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= Q1 2010: LEV and ZEV public
workshops
= Q2 2010: Update to the Board on

electric Infrastructure

= Q2 or 3 2010: LEV Il ISOR and
— Hearing

: = Q42010 ZEV [SOR and IHearing







Path to 2050
Sensitivity Study — Key Factors that Change ZEV Sale s

~ Scenario 1 12020
(reference) 2025

(@)

Steeper
(b) P 2020
ZEV sales \ +80% 2025

curve

2020

+80% AVPAS)

(d P I— 7
e 2025

0 100 200 £10]0) 400 500

ZEV sales per year in CA (thousands)

* Includes ZEV sales from (b) and an increase in biofuel usage (1.7 BGGE instead of 1 BGGE in Scenario 1)




Path to 2050

3 ZEV Sales Scenarios
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* Scenario 2 includes this “steeper” ZEV sales trajectory and an increase in biofuel usage (1.7 BGGE instead of 1 BGGE in Scenario 137




Path to 2050
Passenger Vehicle On-Road Fleet — Scenario 2

Conventional
Vehicles +
HEVs
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* Combined cars and trucks (Passenger Vehicle Sector)




% New vehicle sales

LDV New Vehicle Sales (Auto only) — Scenario 1
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* Combined cars and trucks (full LDV)



Limited Timeframe _:
Addressing market barriers

Permanent : Market and

_J performance based standards

Mama e
i

(Pavley and Fed programs)
(AB 32 and future CA/Fed program)
——

SB 375 and Fed programs

2030 2040







Technology Status

02'
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Successful ZEV Commercialization




