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The freight system in general,

But...

Responding to growing challenges in

California
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AB/SB-32 CaIiforniaQGI'(_)_E)aI W9£r1_1ing Solutions ACT of 2006
AB/sB-32 I LEKEZ=S (178D (2006)
* Reduce GHG emission by 40% from 1990 levels by 2030

- 20305, ANMGHGHERER 1990 7K FPE(K40%

* Cap-and-Trade Program &322 IH

Low Carbon Fuel Standards (LCFS) xR (LCFS)
* Reduce carbon intensity of fuels [E{EVAHKIRE

* Vehicle emissions standards ZEEHERS
On-Road Heavy-Duty Diesel Vehicles (In-Use) (2006)

Trucks are a major source of emissions BRILSCHE T =IH (2006)

Tlhiara & iy EreEEe A * Retirement of older vehicles (or retrofit them) Z|BEBN (EEIHT) X
regulations in place, or imminent, * Have vehicles to be 2010 MY engine compliant by 2023 R 2023 FFTEEMESE T
fostering the use of ZEVs in the State F2010F 5B FRYABIN

Others have addressed emissions in Qlea,n Air A,ctiqn Ifilén (._(_Z_ﬁél,’)_g%‘thg POLA/LB (2006)

different sectors iStilSKgEE a1t (2006)

et S IR * Clean Truck Program j&im RZEIHE
st il / e * Drayage trucks to be 2014+ MY engine compliant by 2018
e s e . 20IBEFTEBR - B0 E AT

R 47 b CAAP Update 2017 &= S{Tal)itkl201788#h
HhiAGiFE N A !
EQE%%%EELtF&%’%m&THDBl I8 * Fully operate zero emission equipment by 2035
* 2035FSLUATEBXIREEHIN
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Trucks are a major source of emissions

There are many programs and
regulations in place, or imminent,
fostering the use of ZEVs in the State

Others have addressed emissions in
different sectors

TEREEATHITR
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RN E PR HEE S

HiAGIT 2 5= RAEE I8
HER)RR

Susl'alnuble Frelght

S UCDAVIS Insitutc of Tran

I\
fH" ;"

h%

California Sustainable Freight Action Plan (2016)
i eIiFEERiE1TanTE (2016)
* Improve freight system efficiency by 25%;
- RARIZER R 25%
* Deploy over 100,000 freight vehicles and equipment capable
of zero emission operation; and

- (EREE 0%/ e ZAE TR FERMIR S

* Foster future economic growth within the freight and goods
movement industry

- (BEFREREIRI TS SHERK
Mobile Source Strategy ZzliREERE

California’s 2017 Climate Change Scoping Plan
201 7MKL RETE!
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Ongoing policies will already generate
significant reductions in GHGs and criteria
pollutant emissions

MFBER B RKGHGSF A S EZ R HE

LT = Light Heavy-Duty Vehicles

ERAUESZE (£93855kg-8845kg)

MT = Medium Heavy-Duty Vehicles

chEVESAE (£498845kg-14968kg)

HT = Heavy Heavy-Duty Vehicles
BERIRE (£914968kg LA L)

LD = Light-duty Vehicles

R RUZELR

Estimates for Southern California
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Advanced Clean Truck (ACT) Rule (2020)
FHiBia REFEIAE (2020)

* Manufacturer sales requirement (ZEVs as % of sales)

- BEXHEDHE (THIEWGHEELLH))

* Large company and fleet reporting requirements (2021)

« BRKREWAZEAIRS (2021)

Executive Order N-79-20 ¥117%2E N-79-20

* All trucks sold to be zero emissions by 2045

- Bl204asEF, FrEHEENREFATHINER

* Drayage trucks timeline to 2035

Ongoing developments - F20355F, FTEHEENEEZT AEHINER
HenfE Low-NOx Omnibus Rule ﬂiENOxEWjiﬁﬁ

* Ensure combustion-powered vehicles are as clean as possible

- IRERHERROREEE
Zero-Emission Fleet Rules ZHERZEIREZE

* Drive adoption of zero-emission vehicles everywhere feasible

© BRI TR S HE AR
* Fleet mandate

° ZERAE
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Example of different last mile delivery
vocations

AEITI ZimECE A
Daily trip length distributions
HiYEES

Short-haul: urban distribution, drayage are
potential targets

gﬁ?f}i@ hECE. HEERTENBR
i)

Long-haul: still some challenges, though
there are incoming vehicle offerings

KRRz RECES I FEISHEE,
AmElE—ZHkh

Different last mile delivery
vocations have different
patterns

R SRR 247
T

Parcel deliveries conduct a large
number of stops per tour along
shorter routes

RBEFIEIERERE. FFERX
HEZ
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Sustainable Freight
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Class 2b-3 Class 7-8 Tractors

Advanced Clean
Truck Rule

2 ani=)i=ig SN

California Air Resources Board

Source: Air Resources Board

. 2024 5% 9% 5%
Establish pathway to 2045 carbon % % %
neutrality goal 2025 7% 11% 7%
Achieve 15% ZE fleet by 2035 AL s — —

2027 15% 20% 15%

Align with POLA/LB goals by 2035
2028 20% 30% 20%
IN=SFRERS 2029 25% 40% 25%
523752045 ESLHRR ORI BFRAYERIZ 2030 30% 50% 30%

(o) (0] (o)
£12035 SRV EHEHEE M BAL5% 201 % > %
= . " 2032 40% 60% 40%
2035 v,

EEI bﬁ)l:%/kﬂﬁ:%ﬁ*ﬂ J—J 2033 A5% 65% 20%
2034 50% 70% 40%

2035 55% 75% 40%
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Previous Policies and Strategies (Pre-ACT) (Reductions
from 2012)

BERFNTRIE (HHEb2012£EHIIR)

-20%
-40%
-60%
-80%

Considers the implementation of the Advanced -100%
Clean Truck (ACT) Rule, and other policies cO2 NOXx PM 2.5 SOxX

ST R ATt BER SO R

Decarbonization Scenario (Reductions from 2012)
Introduction of ZEVs (battery electric, fuel cell) WRES  (HHEb2012FEIR)

FHIREWSIN (BaiZE. WARIEIRE) 0%
-10%
-20%
-30%
-40%
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Estimates for Southern California ;83’

EREINMNEHE -90%

-100%
CO2 NOx PM 2.5 Ox
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Jaller, M., L. Pineda, Y. Gueldas, F. Alemi, and |I. Otay (2020). Fostering the Use of Zero and Near
Zero Emission Vehicles in Freight Operations. National Center for Sustainable Transportation.
Institute of Transportation Studies, University of California, Davis.
https://escholarship.org/uc/item/64k579cv

Jaller, M. L. Pineda, and H. Ambrose (2018). Evaluating the Use of Zero-Emission Vehicles in Last
Mile Deliveries. National Center for Sustainable Transportation. University of California, Davis.
https://escholarship.org/uc/item/7kr753nm
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Energy consumption and costs

AMAIfEE A E?

Leasing/Financing availability

Vehicle purchase cost voucher incentive
Resale value

Vehicle reliability

Driving range

Fueling/Charging time
Standards/Mandates

Environmental considerations

Brand image

TEAEE

B Not at all important

P Sustamable Freight
UCDAVIS nstit ransportation Studics
What is important to companies? {EN\VEERIEZE
0% 20% 40% 60% 80% 100%
Purchase price TWEMHE
Maintenance and repair costs LERAAS
Total cost of ownership RARERA
Charging Infrastructure availability & costs FEERIR MR B NRA

I e RETREAEERNRAN
e R/ R A
I 5 AR NUS
o I e T E
T e e
I T —— g e

B T s/ FeER At

B Important

HE

B Very important
FREE
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ENOX& =, ZEVSFIEFR FHIN REMAREEE#R E%%E’\Jiiﬁ]i{t\ ZEVSHIEN  S5BHXAVARILEFRFIEL

i, So#iAR 3 IRMEEIR
18-19 W, 1.2512%7T 4.23{237T 18-1944F, 7900/537T 18-19M4F, 2.45Z355T
ole of e ] ] catiom | amerr
) Low NOy engines, ZEVs Zero-emission truck and Cleaner engines & ZEVs Engine replacement &
I t plus infrastructure, bus replacements plus fueling infrastructure infrastructure in DAC
n Ce n IVeS advanced technology

X N FY 18-19 FY 18-19 FY 18-19
% |\)|-|\|J_-|_ ;£%)I_ILJ $125 M $423 M $79 M $245 M
Utility Programs LCFS

Helps small businesses Charging infrastructure Credits for using low
with 10 or fewer trucks service upgrades and carbon transportation fuels
upgrade to newer trucks electricity rates (SB350)

Offsets Most/All

>$579 M Electricity Costs for
Trucks and Buses

FENEIREQLOMR LATRYME  FRRRIRFEF REUEMFEB 224N (e PRSI AR AN

Wi (SB350)
18-19 M4, 125225 HBIT5.791Z5E5T R ER A BERARS 2

BREB IR

Once purchase requirements kick in...”no more” purchase incentives

—BWEENRFIRSLHE. . A B WE*ME
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Diesel vehicles dominate the market

SHEM S EEETDT

Zero emission vehicles EHETZEL:
Are not necessarily mass produced
BB AMRE
Pilots still ongoing

BYPEA=

There are still some technical
challenges for various vocations

X F AR T AR BB L
NI

/CZ Susl'alnuble Frelght
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During the transition, we can...

EERNIRER, FATAILA..
* Implement tighter regulations on emissions standards
*  SLhEEASAIHEGRERRL
* Design them better (e.g., drivetrain, powertrain)

- BIFIRTTEW (30, SRR, IEEIREERA)

* Choose them better (e.g., right sizing)

- EIREARIER (30, IEFRRYERAN)

* Drive them better (e.g., eco-driving, eco-routing)
- EEFIDESIPIEE (30, TREBW. IMRIZL)
* Manage how they perform (e.g., geo-fencing)

. EETIRT (0, HEE)

we can also...

BANERTLA...

* Use them differently by changing our distribution networks
- BETEIEENERTEERERG
* Change our logistics systems

© BERMIRES

[ransp
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Jaller, M., A. Pahwa, and M. Zhang (2021). Cargo Routing and Disadvantaged Communities. Pacific
Southwest Region University Transportation Center. Institute of Transportation Studies.
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[ SCAG County
—— SCAG Network A

Case Stu dy N SCAG Census Tract
SO Uth e rn C-ES < 25th percentile (19.6) J’
California

< Median (31.7) —
—— < 75th percentile (45.2) J " .
7I<1§U§j\$ﬁ - #7.]”’)"" _ e I BN

Bernardino

Southern California Association of Governments
(SCAG) Region

EINNMNEBA S ETRXIE, (SCAG)

Counties: Venture, Los Angeles, San Bernardino,
Riverside and Imperial

SEBE: Venture, Los Angeles, San Bernardino,
Riverside and Imperial

Home to the largest population centers in California ~
18 million people

IMEXHNERKX, 2J18005EER
Home to the San Pedro Bay Ports &F{RES

CalEnviroscreen Score (CES) based on pollution
burden and population characteristics

HRIEMR AN ABRRHIERIIDMEAMRF T 95 (CES)
(PEEIMNEE)

0 25 50 100
} } ¢ 4 | } { Miles
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In simple termsiAIS.Z

o Eco-routing is selecting the optimal route based on the
minimization of emissions and the associated impacts, in
addition to the traditional distance/time minimization
strategies

INMRERELE ETHRAEMMINRIME, FHEAHER
IEE /AT RS/ IMUSRES, RIEFERIEE
o Geo-fencing is designating specific areas as “sensitive.” Similar

to low emission zones, but could be expanded to other system
and supply chain management operations

- IEEE = FRiRIT BRI BURXE” . SEARXSE,
(Bl hRE MRS N GEETEETE,

Combining eco-routing and geo-fencing could

bring about great benefits

IMRISSANMIE B S SRR EE N




= Sustainable Freight
= UCDAVIS [nsituie of Transportation Studies

Eco-routing pollutant

co, N
i
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NS ARV E D =Y
FRFERES R LEP vs. FP

Options JZEIT: TEHR OS2 B B PR 2

Shortest Path (SP) ERFSERIR

Reduction in emissions

/
Fasters Path (FP) ERIREIER
Passenger car congestion level relative to current level

. /
Least-cost Path (LCP) ER{EALAESR 0 o1 0.3 05 m07 m0o mi

Time, distance and energy B8], EEES. BEIR .
Eco-routing pollutant
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Impacts of eco-routed HDV for different levels of
LDV Hows LEP vs. LCP

FRBRERRT, MAREIER R (e B R 2
S

Reduction in emissions

Passenger car congestion level relative to current level

0 0.1 0.3 0.5 mO0.7 m0.9 ml
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/R

NS
l

- s |
vemiray;jllj"'i%fj:i;: \if—""‘fi,k ( )

o5 Ange®”

Geofencing
Im facts -
TR == 0n) e

South East Los Angeles Region

S H R X 15 0 s

| —

ek fo NS :

G e 2 o G".lqe‘l's i N =

= = L . @ie 2Pl
TS A NP A

‘ |. x_\)(/' \e:% ] e ]
5
A N
%fa‘ﬁ (”\—6{?

~L T Los Angeles,
el 5

s ‘ E~ g
Tl B |- 7;l
- | | (em ., - L <
j . Sal Bernarding - -
Ay TSRS | T - Riversided | o -
; L‘DS;A’ngei‘ei_"’J:'E"*: | = e e
:ﬂjarn'ge. .
Flamyy

L15CAG County
SCAG Netwark
Top 90% percentile CES score census tracts

0 8 16 3%\/Iiles

High CES score census tracts




e & Sustainable Freight
Zg3 Sustainable Freight

Externality
59 VMT VHT VEC

CH, co co, NO, PM ROG
% —— |
LEP vs. SP s s ~ l , :
‘ B . ) —10‘;%)
(RCHR TS 28 45 i R B 26 5 . oo

-60%  Geofence fee

% change in externalities in
SELA region
w
(9]
N

6p/10? 6,/10%5 6,/10* MW 6,/10°° MW 6,/10°

Externality
VMT VHT VEC CH, co co, NO, PM ROG

Increased costs (extra fee) when 0%
traversing inside the geofenced region LEP vs. FP : i‘EZ l ]

(IR AU 2R B PR 2

Extra fee evaluated up to twice of the
regular cost (extra fee = g/10°)

SELA region

BRIt 1A= X I T 2 (S R 25
SRR A -
6r/10* 67/103 07/10? W 9;/10! W 6;/10°

YRR H ERAIAETE Externality

59% VMT VHT VEC CH, Cco co, NO, PM ROG
0

0% 4—*—Lj—ﬂ
5% ]

-70% Geofence fee

% change in externalities in

LEP vs. LCP
R TR 2 R AR AN i 2

-10%
-15%
-20%
-25%
-30%
-35%
-40%
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-50%
-55%
-60:%)
_9(5)(2 Geofence fee p € {D,T,FC}

-75% 3 ; :
—80°/2 6,/10° 6,/10%° 6,/10% 0,/10'5 M6,/10' MW 6,/10°5 W6,/10°

% change in externalities in
SELA region
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»Long commitment to improve freight efficiency, introduce zero emission
technologies, and improve economic competitiveness 2R EIEHE. 5IAE

HEESE A E R S =R IR R R

»>Need for comprehensive strategies that fosterFEBLR &S IR ST
* Behavioral changes & 1T/

« Adoption of cleaner technologies SR FHE & SAYFIA

> Incentives are needed EEHFIEER

»Advanced Clean Truck (ACT) Rule — First ever truck OEM sales mandate i
ima rE A - BN ERREHNEREEER9E
* Aggressive zero-emission vehicle sales target ;%ﬂﬁﬁgﬁfikﬁﬁiiﬁﬁ%ﬁgﬁﬁ
* Will potentially need a “fleet” mandate REEEE N EEAFHITEK

» Eco-routing and Geofencing could be alternatives in the short-term IRREEZL
Mt IR E=FE AN B E RIS 5
* Mitigate the impact to disadvantaged communities (/>3558 4+ XAYE N

* Need to investigate private and system wide-impacts = ZRXSTENFERFE] 72
A9
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