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Overview

= About ICCT
= Background information

= How to develop fuel economy
standards?

= How to develop fuel economy labeling
schemes?

= Panel discussion/questions
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What is ICCT?

- ICCT is an independent non-profit research organization that provides
technical support on transport efficiency and emission policies in major
auto markets

Top 15 Car and Truck Markets by Sales in 2013

) 24

20

15.9

-
@

—
n

Millions of vehicle sales

i I I I L LR I,
icc NEREER N EE TR TS
&y | P

. . D o
T Emno, e P R G



Policy options
Metric
Technologies
Consumer attitude

What to Know about
Fuel Economy
Regulation
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Policy options

EHICLE FUEL EFFICIENCY
# STANDARDS

FISCAL MEASURES

MARKET-BASED APPROACHES

INFORMATION MEASURES
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Introduce and regularly strengthen mandatory
standards

Establish and harmonize testing procedures
for fuel efficiency measurement.

Fuel taxes and vehicle taxes to encourage the
purchase of more fuel-efficient vehicles.
Infrastructure support and incentive schemes
for very fuel-efficient vehicles.

Voluntary programs such as U.S. SmartWay
and other green freight programs

Vehicle fuel economy labels
Improving vehicle operational efficiency
through eco-driving and other measures.



Performance
standards, economic
signals, and

technological

. . AUTO'MOA!(.ERS CONSUMERS
Innovation e eﬁiézegi’.?ri}‘iﬂcts
complement each K
other.
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Regulatory metric

=  Fuel economy (mile/gallon, km/L)
= Used in U.S., Japan

*  Fuel consumption (L/100km, gal/mi)
= Used in China, Australia
* The inverse of fuel economy

= Carbon dioxide (CO,/mile, CO,/km)
= Usedin EU
= Require simple conversion with fuel-carbon contents
= Gasoline (~2350 gCO./liter); Diesel (~2700 gCO./liter)

= Greenhouse gas (CO,e/mile, CO,e/km)
= Used in U.S., Canada
= Can include other non-CO, emissions (e.g., CH,, N,O, HFC,

‘icct black carbon)
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How to improve vehicle fuel economy?

= The average 2010 car, at 15-20% efficiency, has many
efficiency losses — and many efficiency opportunities

Braking
. . . .. 3-8%
Engine Accessories Idling Transmission P
70-75% 1-3% 1-3% 5-6%
Inertial
/ / / acceleration
3-9%

Aerodynamic
drag
3-8%

Rolling
resistance
3-5%
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What’s consumer attitude?

= Consumers in the US
» 85% concerned about gas prices; 79% concerned about mid-east oil dependence
= 81% general support of fuel economy standards; 64% support 60 mpg standard

= Cost and payback

= Technology cost of $1500-2500/vehicle; Fuel savings of $500-1000/year;
= Consumer payback in 2-4 years; all scenarios offer benefits >3 times initial costs

Scenario Technology Per-vehicle price |Average payback| Net lifetime owner
Case in 2025 |increase ($/vehicle) period (yr) savings ($)

Path A 1,700 25 5,900

Stmpg Path B 1,500 2.2 6,000

173 gCO2/mi

4%]year Path C 1,400 1.9 6,200
Path D 1,900 29 5,300
Path A 2,500 3.1 6,500

56 mpg Path B 2 2 7

158 gCO/mi a ,300 .8 6,700

5%/year Path C 2,100 2.5 7,000
Path D 2,600 3.6 5,500
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How to develop fuel | -« Why important
economy standard? | * Key elements
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The importance of mandatory standards

CO, performance standards in the European Union
New passenger cars 1995-2013

Automotive industry self
CO, [in g/km] commitment adopted

200

o Review of European
CO, monitoring Commission strategy, Formal adootion of
‘ system established decision to introduce P

regulatory measures COQ, performance
| 9 y standards regulation
174 472

185 483 181 178

170
167 166 163 162 161 159

154 EU-27 new

passenger cars CO,

150 - 3y [inglkm]
127
__________________________________ 2015 target: 130 g/km
(ca. 5.1 1/100km)
100 -

e e e ee e ee e e e ccc e cccecccmc e e e e ccmceco- - oe oo - oc =~ 2020 target: 95 g/km

(ca. 3.7 1/100km)

Annual reduction
rate
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DatassouEees =1885-1999 ACEA data for EU-15; 2000-2013 EU CO, monitoring data (2000-2003 EU-15, 2004-2006 EU-25, 2007-2013 EU-27). Note that changes
in thE HUMBEFSFATmber states (from 15 to 27) have only minor effects on the overall emission level (about 0.5 g CO,/km) as passenger car sales numbers in the 11
new member states are relatively low.
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Fuel economy standards around the world
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Table 1. Comparison of the latest adopted regulations for light- and heavy-duty efficiency in selected regions

Light-duty vehicles Heavy-duty vehicles

Implementation Reduction in Base Reduction In
Percent of world period average CO, rate average CO, rate
Reglon® vehicle sales, 2013 (grams/vehicle-km) (gramsfvehlcla-lun)
China“
EU .
us s
Japan .
Brazil® l
India B
Russia l
Canada* | 2%  20m 20%  20M _— 14%
South Korea | 2% 200 9%
Australia 1% 0% 0%
Mexico 1% 2012 13% 0%

? Includes eleven major vehicle markets

5 Percent reduction in new fleet fuel consumption estimated from a baseline year (determined by expert judgment rather than regulatory require-
ment) to the final model year covered by the regulation. Reductions for HDVs are activity-weighted by vehicle type.

¢ China has adopted separate standards for passenger cars and light commercial vehicles. The latest adopted standard for passenger cars (Phase 3)
is summarized here.

4 Brazil's Inovar-Auto program requires a 12.1% improvement for manufacturers to qualify for a 30% reduction in vehicle sales tax.

® Canada has announced intention to harmonize with the US 2017-2025 GHG standards; however formal adoption has not occurred as of August 2014.
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Challenges for HDV fuel economy standards




Key elements to consider when
introducing fuel economy standards

1. Regulated metric
(fuel consumption, GHG, CO,...)

2. Form of target curve + underlying attribute

(flat, steps, continuous, ... weight, footprint, ...)

3. Target timeframe/limit value

(level of ambition: baseline analysis, technology feasibility, cost and

benefit)

O
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1. Regulated metric

Country
or
Region

EU

China

U.S.

Canada
Japan

Brazil

India

South
Korea

Mexico

Saudi
Arabia

2015
2021

2015
2020

2016
2025

2016
2025
2015
2020

2017

2017
2022

2015
2020

2016

2020

Regulated

metric

CO,

Fuel consumption

Fuel economy/ GHG

GHG
Fuel economy

Fuel consumption

CO,

Fuel economy/GHG
Fuel economy/GHG

Fuel economy

Unadjusted Fleet
Target/Measure

130 gCO,/km
95 gCO,/km

6.9 L/100km
5 L/100km

36.2 mpg or 225 gCO,/mi
56.2 mpg or 143 gCO,/mi

217 gCO,/mi
N/A

16.8 km/L
20.3 km/L

1.82 MJ/km

130 g/km
113 g/km

17 km/L or 140 gCO,/km
24 km/L or 97 gCO,/km

39.3 mpg or 140 g/km

17 km/L

Form of
target curve

Weight-based

Weight-class based

Footprint-based

Footprint-based
Weight-class based

Weight-based
Weight-based

Weight-based
Footprint-based.

Footprint-based

NEDC

NEDC

U.S.
combined

u.S.
combined

JCo8

u.sS.
combined
NEDC for
low-
powered
vehicle
u.s.
combined
u.s.
combined
u.s.
combined

IC
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2. Form of target curve and based
attribute

European Union* X X
United States X X X
Japan X X
China X X X
Canada X X X
South Korea* X X
Mexico X X X
India X X
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US fuel economy standard curves
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China standard curves
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Weight-based system strongly reduces weight
reduction incentive; not technology neutral

Weight-based target system Footprint-based target system

[9/km]

60% target line 60% target line

-100 kg -100 kg

-6 g/km -6 g/km

L :

If manufacturer applies weight
reduction, most of the CO,-
reduction effect is taken away
from him due to now more
stringent CO, target

Manufacturer fully benefits from
the CO,-reduction effect of
lightweighting

> >
vehicle weight [kg] vehicle size [m?]

O
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3. Target time frame/stringency
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Baseline analysis

= Basic specifications: engine size, curb weight, footprint...

= Utility: power, max speed...

= Fuel consumption, CO, emissions...
= Technology adoption: fuel type, transmission, air intake...

China 2010 passenger car data

Lower
Segment Small medium Medium Large
Market share 15% 32% 10% 4%
Representative model BYD F3 Hyundai Honda Audi A6
Elantra Accord
Diesel share 0% 0% 0% 1%
Cylinder 3.9 4.0 4. 5.0
Displacement [L] 1.4 1.6 2.0 2.4
Power [kW] 71 84 N2 141
Auto. transmission share 26% 44% 67% 89%
Curb weight [kg] 1080 1258 1464 1684
CO, [g/km] (NEDC) 157 173 199 21




Technology feasibility

« Top runner (e.g. Japan)
« Best available technology
« Technology forcing
« Emerging off-the-shelf technology now; advanced technology later

US mid-size vehicle CO, emission rate (g CO,e/mile)

0 50 100 150 200 250 300 350

Baseline mid-size car {3.3L V6 DOHC, 4-speed}
Turbo-GDI, DCP, DCT, 3% mass, aero, tire, etc
Turbo-GDI, DCP, DCT, stop-start, 15% mass, etc

Turbo-GDI, DCP, EGR, DCT, stop-start, 15% mass, etc

| Critical 2010-2020
efficiency, CO,
technologies

Turbo-GDI, DCP, EGR, DCT, stop-start, 25% mass, etc
Hybrid, DCP, DCT, 20% mass, etc
Hybrid, turbo-GDI, DCP, DCT, 20% mass, etc

Hybrid, turbo-GDI, DCP, EGR, DCT, 20% mass, etc

- Increasingly

| important 2020-
2030

technologies

Plug-in hybrid, US grid {40-mile equiv}
Electric vehicle, US grid

Plug-in hybrid, low-GHG grid {40-mile equiv})

Electric vehicle, low-GHG grid

O
I‘ : ‘ : t Emission rates are test-cycle (not adjusted real world);

See CARB, 2010. http://www.arb.ca.gov/msprog/levprog/leviiiimeetings/111610/ghg 11 10.pdf 22
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Cost curve
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Additional direct manufacturing costs [EUR] relative to 2010 baseline

5000

4000

3000

2000

1000

EU cost curve
C class vehicle

/PZ AtkCPS, 1.2, 8DCT, -27% mass,
-20% RL, 58 g/lkm, 2.4 |

2 2020

/
'/
/432 AtkCPS, 1.6l, 8DCT, % mass,
-10% RL, 66 g/lgft, 2.7 |
/ b 2 2025
/ v
// CT, 77 g/km, 3.11
/7 , 0.71, 8DCT, -27% mass,

0% RL, 74 g/km, 3.0 |

corresponding
fleet targets

-65%

7
7
td
7
/
8l, 8DCT, 93 g/km, 3.8 |
g/km, 4.0 |
P4
/,
///
’/
/’
f”
_ Lt Sse®PN15, 136 g/km, 5.6 1 95 g/km 80 g/km 70 g/km
== (3.9 1/100km) (3.31/100km) (2.9 1/100km)

T M5,-156-gtkm, 64+ T T T T 1

-5% -15% -25% -35% -45% -55%

CO, reduction relative to 2010 baseline
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Cost and benefit analysis

= Net cost:
= |nvestment cost

= Net benefit:

= Lifetime fuel cost saving
= Environmental benefit (climate change)
=  Qil security

investment — NPV (lifetime fuel cost savings)

CO.-abatement costs =
lifetime CO»-reduction

= CO, abatement of of 2015 EU regulation evaluation is
- 101 EURMACO2

Icct
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Regulation evaluation: estimates vs. reality

4000
Passenger cars
68 g/km
3500 by 2025 ' .*
_ 2015 EU regulation assessment o
= . [IKA, 2015]
2 s000  EX-ante: + 33 EURACO, .
E Ex-post: - 101 EUR/tCO,
4] .-
on '-
§ 2500 95 g/km .
% by 2020
3 2000 [mn‘zmz]ﬂ_-
o .
E
6 1500 .
= Ex-ante E
=
: 130 gmm [TNO, 2011]
2 1000 by 2015 Ex-post [ICCT, 2013
% [TNO, 2006]
® 500
[AEA, 2015]
0
0 10 20 30 40 50 60 70

g/km CO2 reduction compared to 2010 baseline



Take away on fuel economy standards

* Regulated metrics are interchangeable

« Establish continuous and footprint-based standard
curve

« Set longer term target with 3-6% annual
iImprovement

« Baseline analysis—> technology feasibility—> cost
curve - cost and benefit analysis

« Fuel economy standards and fiscal measure
complement with each other

O
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How to develop fuel | - whatis FE label

economy labeling | + What’s the impact
scheme | ° Key elements

O
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Implementation of vehicle fuel economy labeling scheme

Adoption of vehicle

fuel effiency label

Mandatory @
Voluntary
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Germany @

Hong Kong, China & ——
Netherlands @
Austria @

Australia @

Chinese Taipei ®

Vietnam @
Chile ®
Singapore @ T oemms |

China ®
Brazil

Japan @
Canada ¢
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Vehicle fuel economy labeling schemes

= VFEL schemes include

* The “fuel economy label” referring information that
Is displayed about the car in the showroom, online
or through other media

» Associated consumer information campaign

5\ el
pe e ¥
" sEseam |

[] Compare

COMO VOCE DECIDE
IMEOMBRADOF

Starting MSRF’

EPA-Est. MPG
City/Hwy 26/36°




Label can raise consumer awareness

Total purtrry .
UK: Consumers awareness of the

y 260, fuel economy label, 2006-2009
New car 37%
owWners 41%I
12006
[ 2% 12007
New car 21% N 2008
o 2008

intenders IELSZ

Rating: Those who rated fuel consumption as important (4 or 5/ 5)

=== ecent car buyers Intended car buyers

100%: 86 835
New Zealand: 0% -

B -_-—-___._—__——_.
Those who ratgd - g 2, 205 o
fuel consumption 6% 12%
as important o

1y

X%

icct
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Label is enabler for other policies

FUEL ECONOMY

Fuel Consumption Relative Comparison

- 1
CO. Emissions ‘ ¢100km [0
(a/km)

135

Ldianes with UN EGE R0

—® Liake & Modal: ABC  XYZ Engine Capaciy & Fusl Typa: 1300 cc  Petrol
Aptua fusl commrmprion and ooroos dicoxids (00,0 Wil g 7 o well o othey fectons such apdned ool webvicle cosdibion,

RBON EMISSIONS-BASED VEHICLE (CEV) SCHEME BANDING
{applicable from T Jan 2013 to 31 Dac 2014)

Al Al A3 ) 4 =] C1 c2 c3 C4
100 191 (20 121140 141 160 16110 #1-ga 231-250 2Ei-gm0 =2m

135

520,000 $15), 70 & 000 50 55,000 510,000 $15,000 520,000

Thi CEX Schuvie oinyslhes i s’ S reglilasing oo & 4 1 im0 v v susssergse i el v | il L

—_— VEI www.onemotoring.oom.sg for the Tuel cost caloulator 1o cormpan: fusl consumplion of el Trn
warkoals sehicles and for more information on CEV scheme. L 1
K

FELS 5/ha.

fisphaTt

Aoy
e By Pl m!ﬂf-
_—

Vehicle fuel economy labels in Singapore
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Fuel economy
information to
establish fuel
economy standards

Fuel economy
based fiscal policy

31
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Label can contribute to fuel saving

= Estimated Savings Attributable to the VFEL Program in New Zealand

Year Estimated Estimated Estimated carbon Estimated
savings cumulative savings emission savings financial
achieved in the achieved by the achieved in the one savings
one year. programme year achieved in the
(million litres) (million litres) (kT CO,) one year
($ million)
2008 1.17 1.17 2.8 2.1
2009 1.73 4.08 4.2 2.7
2010 1.22 8.21 29 2.0
2011 1.02 13.37 25 2.0
2012 1.50 20.02 3.6 3.0
2013 1.32 28.00 3.2 2.6

icct
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Key elements to consider when
introducing fuel economy label

1. Scope
(Mandatory/voluntary, LDV/HDV, new/used, fuel type...)

2. Label design/information display

(Fuel economy/CO, value, absolute/rating, fiscal/running cost, others)

3. Consumer outreach

(Dedicated website, label on the car/online/other media...)

Icct

THE INTERMATINAL COLMCIL
GH CLEAN TRARSPORTATION

33



Labeling program scope

(. Australia”, Chile, China,
Chinese Taipei, Japan,
Korea, New Zealand,
Singapore, US,
Vietnam, Peru, Austria,
Germany’, the
Netherlands, UK

)

Mandatory Mandatory
\ New Used
- Voluntary

Used

[

« Canada’, Hong
Kong China, New
Zealand (AFVs),
Brazil

J

* New Zealand
(imported used,
secondary market)

+ US (secondary
market), UK
(imported used)

J

Economies with * apply VFEL program to vehicles with all fuel types;
Economies in red apply VFEL program to passenger cars only;
Others apply to passenger cars and light truck/light-commercial vehicles

icct
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Label design/information

US label

=  Absolute fuel economy
value

=  Fuel economy/GHG rating
=  Annual fuel cost saving

Smal SUvs Farge from 16 1032 MPG
The best vehicks ratss 95 MPGe.

$1,850

in fuel costs
over 5 years

compared to the '
cla

avarage new vehi
Qe only! 5111@9 Hﬂtingu.—ﬂ = oy

and mainlain your
ost astimates are
quivalent. Vehicle

fueleconomy.gov i camsceng

{(/100km)
Calculate personalifed sstimates and compans vahicles

Singapore label D SOOI cortoahorbrtonohe g P
u Absolute fU el econo my CARBON EMISSIONS-BASED VEHICLE (CEV) SCHEME BANDING
(applicable from T Jam 2013 o 31 Dec 2014)
value
u Fuel eCOnomy/GHG range ﬂﬁ:ﬂ _ 1#0 1:#?& B Qi‘m 151[-’210 m?‘m a?io anEﬁm ecr?u
= Fiscal policy information 20000 | $16,00 [ |17 j600 80500 S0 $15000 520000

“y,

it CEF Schurrie aalies o i £ Y i i Jami A1 L The CEV Sohemie rebalic mil e (plernamied Bovm | Jdan 25 el e sieduargs wi lake efar from | el JHE

o =8 Vit www.onemotoring.com.sq for the fusl cost caloulator o cornpane fuel consumpation of
warious vehicles and for more information on CEV scheme.

I FELS 5/Ng.
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Label information for alternative fuel
vehicles

Special considerations
for AFVs

Fuel
efficiency/consumptio
n equivalent (MPGe?)

CO, emissions
(Inclusion of upstream
emissions?)

Refueling cost
Financial information

Others (Electricity
consumption, range, charge
time, operation information
of AFVs)

icct
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Label in the UK

Fuel Economy

VED band and CO, ‘

C0; emission figure (gkm)

Fuel and electricity cost (estimated) for 12,000 miles
A Quide pioe Tor COMPENsan puiposes & calCikabed using the combingd drive Cyche (Jean Cenre ang
miodonway) and average fusl and elecinicity price

Fuel consumption for plug-in-hybnd vehicles i measured i two condibons, one with the batfany
frashly changed and another whare il is significantly deplated. & waighlad averags of tha two fgures
aibiaingd is calculatid bised on an assumption that & vihich is diven 16 miles (25km) beyond its
maximum elacine ranga, using the angine as required without recharging

Cosl is recaloulabed annually, Unil cost as al March 2012 patral £1.300e, eleciricily 13 TpkWh

VED for 12 months
Vahicle Excise Duty (VELH orzzad

e the 0. emissions and fusl fype of the

plL !




Consumer outreach

How far can each vehicle travel on $100 of fuel ?*

Download [§  Print (@

NORTH IS | SOUTH IS

. c
FUEL Price [ARTANE S

AVERAGE YEARLY

RUNNING COSTS"™
EMW 3 SERIES 320D

CHAMNGE » | ENGIME: 1995cc 120kW FUEL: diesel TRANS: automatic SEATS: 5 seats YEAR: 2012- (current $1 ?20
4.4 LITRES
PER 100KM

VOLKSWAGEN GOLF TDI COMFORTLINE
CHAMGE » EMNGINE: 1598cc T7kW FUEL: diesel TRANS: automatic SEATS: 5 seats YEAR: 2013- {mmt)qg I— $.1 61 0
] i/ 3.9 LUTRES
= ﬁ "ot/ PER 100KM

- | TOYOTA PRIUS

CHANGE » EMGINE: 1798cc T3kW FUEL: petrol (hybrid) TRANS: CWT SEATS: 5 seats YEAR: ﬂ!ﬂﬂﬂ

B

. $1340
I/ 3.9 LITRES
/ PER 100KM

| 4 SELECT ANOTHER VEHICLE |

START DRIVING! =>»




Find what consumers like

Understand car-purchase behavior

Consumer attitudes on what constitutes as
effective information changes over time

Characteristic of different methods of
collecting consumer information

Comprehe Depth of Representa Accuracy Speed  Cost

nsiveness insight tiveness effectiveness

Literature review High Medium  Medium Medium  Fast High
Focus groups Medium High Medium Medium  Medium  Medium
Interview Medium High Low High Medium  Medium
Survey High Low High Low Fast High

{ Expert panel Medium High Low Medium  Medium  Medium

lerw wmmrare 1 rerrmer e e




Rising concern:

standards

real world emissions diverging from

Divergence ‘real-world’ vs. manufacturers’ type-approval CO,

ao
0
[ o
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60%

50%

40%

30%

20%

10%

0%

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 20T

8%

n = approx. 0.5 million vehicles

o 45% (company cars)

38% (all data sources)

31% (private cars)

FROM LABORATORY TO ROAD

Build year / Fleet composition year / Launch year / Test year

2012 2013

http://www.theicct.org/laboratory-road-2014-update



Take away on fuel economy labeling

* Mandatory requirement with wide scope (LDV/HDV,
new/used, all fuel type)

» Label information (Fuel economy absolute value/rating,
fuel cost/financial information, AFVs)

 Information online and through other media
* Market-base research

« Make sure test fuel economy represents real fuel
economy

« Labeling program collects data and is enabler for fuel
economy standards and fiscal measures

O
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Meeting GFEI target will stabilized global
CO, emissions in 2020
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More information ...

» |CCT Passenger Vehicles website: http://www.theicct.org/passenger-vehicles

» |CCT Staff blog: http://www.theicct.org/blogs/staff

= Global Passenger Vehicle Standards Update: http://www.theicct.org/global-passenger-vehicle-
standards-update

= US CAFE Standards: http://www.theicct.org/policies/us-cafe-standards
= EU LDV CO, Regulation: http://www.theicct.org/policies/eu-light-duty-vehicle-co2-regulation

» Review and Comparative Analysis of Fiscal Policies to promote fuel economy:
http://www.theicct.org/review-and-comparative-analysis-fiscal-policies

» CO, Standards: http://www.theicct.org/issues/co2-standards
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Detailed technical studies
Summary and briefing papers

Zifei Yang
1(202) 407.8346
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Backup slides




Light truck/light-commercial venhicle fuel
economy standards globally
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Cost and payback by countries

Rule Per-Vehicle Cost Payback Period
US LDV 2017-2025 $1,800 (avg. 2025) 3.5 years
US LDV 2012-2016 $950 (avg. 2016) 3 years
Canada LDV 2017-2025 $707 (2021); 2 to 5 years
$2,095 (2025)
Canada LDV 2011-2016 $89 (2011); $1,195 1.5 years
(2016)
European 95g CO2/km €1,300 4-5 years
Standard 2020
India LDV 2020 $478 to $637 2-3 years

icct
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What are Green Freight Programs

= Whatis Green Freight?

=  “Green freight” refers to a collection of technologies and practices that
improve the efficiency of the freight sector

= What are Green Freight programs?

=  Green freight programs promote these technologies and practices across
the freight sector to help cut costs and benefit the environment.

= Currently there are approximately 15 established Green Freight
programs worldwide

= Wide variations between program elements (including transport mode,
regional/national coverage, administrative structure)

= Key stakeholder groups

=  Private Sector (shippers, carriers, logistics companies), Government,
Technology Manufacturers, Financing Institutions, Civil Society

icct .
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Green Freight Programs and Initiatives
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