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Key CA policy factors
Existing GHG standards

Technical basis for
standards

Compliance policy

DT O

JINH S BEE R RS R 3R
HAT T = SR HE bR i
FFRbRHE I S5 ARAK S
B BUR




Air Quality and Climate Change Z5JiE 'ﬁ'—ﬁ@%&ﬂﬁ
AR

-Key Factors in California -0 8

e A

Ili'i'

-1 : 1 S

* Progress towards meeting « RETH Kéﬁ/ﬁﬁﬁlﬁ%

ozone air quality standards
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Ozone Trends by Air Basins in California
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* Progress towards meeting ¢ FURIY) TS K%*ﬂﬁﬁﬁlﬁ%

PM air quality standards

PVI2.5 Trends by Air Basins in California
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* Reduce GHG emissions  * /DR = ARRIAER
— 1990 levels by 2020 — F20204E F%F119904F 7K “F
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Long term GHG Goals:
Light Duty Vehicles

R

* Fuel: Low Carbon Alternatives
— Clean electricity and H, focus
* Vehicles: Advanced Technologies
— Virtually all ZEVs by 2050
* Transportation: Improved Efficiency
— Reduce vehicle usage
— City planning
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* Existing GHG standards o IUETRE SRR



History F 52 9] o

ARB adopts 1%t vehicle GHG std in U.S. (2009-2016)
ARBAIUAT | 3 [ f) 56— Z= il = AR sUbw 1 (2009-2016)

U.S. EPA adopts CA 2012-2016 stds \ }
= [ BRGS0 T I 112012-2016HE I5UbR HE Y

ARB/U.S. EPA joint technical report on possible 2017+ stds
X AT RENI20174F 2 Ja B HE bR fE, ARBFIZE BRI H & T ECE AR E

Obama Administration announces agreement with manufacturers,
ARB, Federal agencies on a National standard

B D UM . ﬁ'ﬁ%hﬁﬁ ARB, AL ZANBRFRH LA 5
e [ HE IO R R Bl — 2

ARB adopts 2017-2025 stds
ARBAIAT | 2017-2015HE bR #i

U.S.EPA/NHTSA adopt 2017-2015 stds
KERRFES EK QB AZH LT .
WATAT T 2017-2015F bR




GHG Standards, not Fuel
Economy

B =SAEHBARE, ORI & 5

&

Engine Transmission A/C compressor
e All GHG emissions from cars o AFE T A RBEERESE
covered SARHAEL

— Not just CO, from tailpipe — FAUE SR B BAR —A Ak
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Standards PR
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* 2025 Target: 166 gCO,e/mile « 20254 K] Eﬁ 166 ?Ecoze/y%i

— 4.6%/year for 2017-2025 —  £E20174FE 520254 1 (A AR 4E ek HEA.6%
— Total reduction of 34% M SE R 34% IR HE &
— Separate car and truck std — ol E IR EM R & B B
Pavley | Stds <&€——— Advanced Clean Cars ———>
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Footprint Based =T B ENTH AR
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« All vehicles must reduce GHG o P ZEWRV 2R /D A 5] B Ay
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emissions by about the same L e = S AR HEER
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Additional Provisions

.

 Manufacturer sales-
weighted average
(corporate average)

e Credit banking (5-year
carryforward, 3-year
carryback)

* Technology-specific credit
opportunities
— Air conditioning efficiency
and refrigerant

— “Off-cycle” technologies: LED
lights, idle stop-start, etc.
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Topics

 Technical basis for
standards

o FHEBERAE R BARMKSE
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Roadmap to Setting

Standards fill & HE B T HI L EE
—

s ' l 'j""s

M Air quality need for lower f"—ﬁ}p"ﬁ%%’%j{

Ay e

standards 9 SR HC R

M Authority to adopt s .
standards M R PR HE TGS B 2 DL DY

N B = 2%

M Accurate inventory (EVCS IR ZLESE /S
model to assess M B AT PR
impacts/benefits from 7 A 25 A
cars . L

M Technology feasibility A A HE b
assessment

M Cost-effectiveness
assessment

M Adoption of standards
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Inventory Modeling  HEUE SRR Y

R . e
e N — \
+ Computer model to o USRS R
calculate emissions _ R Sk
— How many and what type of IR
vehicles Y P B iﬁﬁﬁﬁ i
— How they are operated - HeE
— Emission rates o AHTHFPAT AR RHETERHE IR
e Estimates benefits from i
future standards . HETHETFH
* Updated every few years — RO, e, A
— New emission data, vehicle i FH & 4%

inventory and usage data

EMFAC for California (http://www.arb.ca.gov/msei/msei.htm)
MOVES for U.S. EPA (http://www.epa.gov/otag/models/moves/) =



http://www.arb.ca.gov/msei/msei.htm
http://www.epa.gov/otaq/models/moves/
http://www.epa.gov/otaq/models/moves/

Roadmap to Setting ] 5 HETROR T T 5% 2 [

Standards

- e

M SR ATATPEVEAS

M Technology feasibility
assessment
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Technical Feasibility

_ane i

. A

.

ARB has substantial in-house
vehicle emission control expertise

— But, GHG reduction technologies
slightly different

Developed additional in-house
expertise

— Research (technical papers,
conferences)

— Discussions (manufacturers,
suppliers)
Contracted out with engineering
companies/consultants
— Fill gaps in knowledge
— Use firms also used by

manufacturers to ensure
credibility of technical work
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Examples of Contract
Work

_ane i

B . A

_—

* Powertrain technology modeling

Model predicts effect of various
combinations of technology (e.g.,
turbo-charging and downsizing)

Model derived from lab testing

Often same model used by
manufacturers

Ex: Ricardo, FEV

* Vehicle Lightweighting

Engineering firms used to redesign
vehicles using lighter materials

Detailed results including
component comparisons, weight
savings, manufacturing changes,
cost impacts, and simulated crash
testing results

Final reports included peer review
Ex.: Lotus, EDAG
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Cost Assessments

A

* Goal: Accurately project costs for .
manufacturers
— Including ultimate costs to
consumer
* Approach: g g\ Vil
— Detailed discussions with 27 cip
manufacturers, suppliers {f» T F{‘
— Contracted with firms that “_"O Y \

specialize in tear-down reports

* Disassemble existing components
and detail materials, costs,
manufacturing processes, etc.

— Projections of future costs
considering improvements from
high volume production,
learning/evolution of designs
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Cost Assessments . )
131 I

_ A
.

* |ncluded non-component costs: o HALFEAEHAEHAS

-

— Design, calibration, s NN " A
manufacturing, warranty - ik, gk, wiliE, R
* Analyze costs to consumers o THTYE B E WAL 2R
— Increased retail price of new car — BN BN
— Annual/lifetime savings from B ek S T [ 2 &
reduced fuel consumption - gﬁﬁﬁio&// ESINSITE
* Analyze economic impacts to DL RN
; > N =Y
society o PR AL A B RS
— Impacts on jobs, taxes, due to _ ELAA Ry s R [ A A
increased vehicle prices, i@?}%’ %ﬁgﬁ%gg/ e
reduced fuel consumption, etc. ‘ ’ JEZER

PP I AR TR

N

* Cost estimates often highly
debated

20



Fleet Analysis

Created a baseline fleet

— Identified all vehicles/models
available, sales numbers, and
existing technology

Selected a potential future standard

Incrementally added technology
packages to baseline vehicles until
fleet met the potential standard

Assessed the benefits and costs

— Incremental increased cost of new
car vs. fuel savings for consumer

Repeated to analyze standards
varying from 3-6% reductions per
year

— Find maximum level that is feasible
and cost-effective

B — NI AE L BA

— AT A AR AR R,
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H RFEAIR BV A bR U

PRALG R0 35 N e A

— HTZE A I RN o 2 R
I B L

52 UL LD BRI R 3-6%

PIRHEAZ AL

— AT B LA AT A AR
) B R IRl HE B



Projected

Technologies

~

..

* Primarily, existing technologies
used more extensively

B A A R BoR

100%

80% A

60%

40%

Technology shares

20% A

Conventional

0%

2010

2015

2020 2025
Model year

ZEV technology: ultra-low GHG

Engine

Driveline

Vehicle

—

—

—Variable valve control (7] 2% &5 i)
Direct injection (ELM)
Turbocharging (R %1 %)
Cylinder deactivation ("< HL41i4k)
Cooled exhaust gas recirculation (¥4 H1HES FIE )

[ Optimized controls (5 4k 2 il)
8-speed transmission (83 [ 5 24Z# 4H)
Continuously variable (ZE£L451k,)
L_Dual clutch transmission (X2 & 42 5 4H)

Engine stop-start (5] 2 2/ K/ 8 R 4t)
Hybrid power assist (¥ & 1 /14 Bl)
Aerodynamics (75,80 /1%)

Low rolling resistance tires ({i&J& FH5E if)
Advanced lightweight materials (3G E# B A4 K
Low-GWP refrigerant (1234yf) ({KGWPHil] 2 71))

L_Electric accessories (F 1 i)
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Projected Technology
Penetration in 2025*

=

Turbo-downsized (18 bar)
Turbo-downsized (24 bar)

8 Speed DCT SIHN B 5 AR AR
Cooled EGR e AHES AR
Hybrid Electric Vehicle BA B
Electric Vehicle SEb R ]

Low rolling resistance tires IR FH%E R
Improved Accessories O o
Gasoline Direct Injection VRUH ST PN B

Micro-hybrid (stop/start)

“i/NMm%e  (18bar)
“a/NMm%e  (24bar)

iR SEE KRS

M| 20254

Ve

25%
63%
79%
11%
4%
3.0%
96%
73%
93%
20%

* Projected for total U.S. fleet, not CA only fleet

* TR BT XS A SE B 420, AN In g

-

= -I-""f’:

19%
67%
9%
74%
5%
0.3%
99%
55%
97%
39%

23



Cost Analysis A5 B

Per-Vehicle Impact of

$6,000 - | —9—Lifetime consumer fuel savings

- 7= LEVIII technology cost

LEV Il Regulation

2015 2020 2025
Model year
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Topics

 Compliance policy
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Compliance with
Standards

e A
.

* Ability to verify compliance is o ISVFIAFRIIBE 12 JcH B

critical
” : — DA W SRS B T &
— Competitive pressure in 8 o
industry will converge on (R RA T VA
lowest cost approach | . %’%%‘&Eﬁ{%;fﬂ%ﬁﬁ
* Needed to ensure benefits ;o
realized o ERE, fHZMEER
« Multiple paths utilized in the HfRIE R

U.S. to ensure compliance
* Implementation and

o BUMSHEFAFRAE A TR

= VR
compliance use significant AL TR
agency resources — N1, B, SR

— People, time, lab testing
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Step 1: Authority  5F—20: R

e A
.

e Authority granted by laws
such as Clean Air Act to

HER (BTS2 08D

adopt, implement, and T%%Eﬁﬂlﬁﬁﬁﬁi%ﬁ, SE e
enforce standards FHGEHE bR U
* Ensure adopted standards can . 2 P HE Tk b Y T
be readily enforced ﬁ%ﬁﬂﬁ?ﬁﬁﬁﬂmﬂmﬁﬂ 1
— Recognize they are . 5
enforceable in the standard — B RRAE ] DAL s 42
— ldentify how noncompliance . P V) e
is defined including test B gﬁﬁgjﬁﬁééﬁﬁ’ e
procedures \
— |dentify penalties/remedies — ﬁ‘ﬁ%%ﬁﬂiﬂ%ﬁﬁ%@ﬁ/%

for noncompliance K
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Step 2: Adopt Complimentar pe .
Rp. pti-omp Vo b BRAL LR R AT
equirements

- &
S,

» Standards that promote  « 3T fiif A M A v
durability — A% (~250,0004 H)
— IL(Jse)ful life (~250,000 — FHERE Co i
m

5% ~133,000 F )

° a1 Yo

— Emission warranty (up

to ~133,000 km for - FRIZH RS

some parts) — K&/ RFEIE  (Eam
— On-board diagnostics ()R EE)

(OBD)

— Inspection/maintenance
(/M) programs (e.g.,
CA’s SmogCheck)
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Step 3: Employ e
Verification Procedures

_ane i

NS A

F =20 LIRS it

e Certification each year . £|57|¢(j

- A ti f each fact ’ N TSN e
pccounting of each manufacturers bty BT BRI

— Verification with vehicle sales — S EEHEBLH
numbers _ /\?ﬁﬁﬁﬂ_ﬁ%

— Annual public report (e.g., . :
http://wwmr)/).epa.gov/o'gq/clirsﬂateg/ghg- 5h’:;cp.//ww;/vr.\(:pz;.gov/otaq/cl|mate
report.htm gng-report.ntm

. Testj:g ctJnhcarks’ befor:: ctertifical'icion o E%I‘E’Zﬁﬁﬁ/‘] $§W]Uﬂﬂiﬁ
— ot-check’ manufacturer self- , . N
« Testing on actual in-use vehicles o S BRFE AT FH ) 25

— Target models based on complaints A kst 2 ) NMES A ER e
from field, new offerings (e.g., new ;%EPU‘Hﬁhigft%?@P*qj Hgi%lﬁ’
engines, technologies, <1§”%1%£%rll$’ FiR, HlIERE)D
manufacturers), anomalies BE RIS

— Replicate certification testing to — BEE IR DL SZBR R B

confirm actual performance
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Step 4: Remedial
Actions

_ane i

R . A

e Recall

— Capture in-use vehicles to correct a

‘problem’
 Monetary penalties

— Apply fines for noncompliance to

discourage/penalize
— Covers broad range of issues:

* Submission of fraudulent testing/data
* Individual noncompliant vehicle models
* Failure to meet corporate average

standards

e Recalculation of corporate average

— If individual models are
noncompliant, measure actual
performance and recalculate
corporate average

— Requires manufacturer to make up

for shortfall

CARNE B G50k 21 1

- TR R K
— AT 9 ]
o A HY LR /A
RIS AR
o R TSI
T B AL YE
— WA, RS
CESIEE TR A
— BRI R Y

Ll
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Summary

.

RS A

* Airqualityandclimate . 235 F B MS(EAM)
change are key policy N
considerations & FEBUR RSN E
* Detailed technical work 38 402 /)37 AR 4
was done to estalqlish S RS TR AT I

stringent but feasible \
standards AR

* Verifying compliance is 5’ IF R B SE i 2 %
critical last step to — v S :
ensure GHG benefits are ﬁ{ﬁ HE kB S
realized LI&MEVJ?%%L

California Environmental Protection Agency
©= Air Resources Board
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