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Dave Schaller
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MD & HD Industry Segments

Market

Size Regional HauDay cabs &

vans) some sleepers)
Total Population1,900,000 Total Population800,000

Miles:125/day 25K/year Miles: 450/day 80K/year

MD Work Trucks (Dump, stake

a SNIDAOSZ gt
Total Population470,000
Miles: 125/day 25K/year

School Bugyellow or white)
Total Population480,000
Miles: ?7day 12Klyear

Yard Tractorgholsers,
aKdzi Gt Sax

Total Population35,000
Miles: 10-20/day @ 10 MPH

Transit Bugpublic
transportation)
Total Population150,000
Miles: ??7day 35Klyear

June 2021 6

Long Hau(Sleeper Tractors)
Total Population1,200,000
Miles:600/day 100Kyear

Vocational Class 8
o/ 2y aiNIzOGA2Y
“Total Population800,000
Miles: 300/day 65K/year

Expeditors Class-8
coab 9 |5
Total Population25,000
Miles:500/day 90K/year

.
NORTH AMERICAN COUNCIL FOR FREIGHT EFFICIENCY



Pathways to HD Truck Charaginc
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2) Opportunity Charging “ 3) Shared Card Lock Locations
{f02NBaz t2NIasz 2 NBK2dzaSax

AT

4) Truck Stops 5) Toll Road Rest Areas 6) Interstate Rest Areas

7) Wireless Charging (parked and/or in motion)
September 2022 8) Mobile Roadside Charging (emergencies & service calls) NACNERE; 7




ZEV Long Haul Challenges

ABattery and Range
Al 2aiGx aAl Sz gSAIKGZ NI
ACharging Infrastructure
Al 20FGA2yas £S3AlFE fAYAU
AHydrogen Infrastructure e

A Simply not there yet
A Small molecule that leaks and is corrosive

AHydrogen storage on truck
ASSyaridaez NBFALET GAYSZ

ABoth Battery Electric and Hydrogen will require significantly more
power from the grid

August 2022




s HLUN Long Haul

Run on Less by NACFE ‘

March 2022

ON LESS. 7 Fleets
NACFE 10.1 MPG

e = TN [ Y] Regional Haul

ON LESS 10 Fleets
REGIONAL 8.3 MPG

—HLIN All BEVs
ON LESS 13 Fleets

New metrics!



https://runonless.com/regional-report
https://runonless.com/2017

un on Less

“HPurolator

Operating a
Motiv-Powered Step Van

in Vancouver, BC
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Operating a Peterbilt 579EV

in Sonoma, CA

Good fun!

Operating a Cummins
Box Truck

in Modesto, CAﬂ-
( b )
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Operating a
Kalmar Ottawa Electric
Terminal Tractor -

in Chino, CA

PENSKE

Operating a
Freightliner eCascadia

n Los Angeles

ANHEUSER-BUSCH
Operating a BYD Tractor

in Los Angeles
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in Chino, CA

lectric Participants

RUAN

Operating an Orange EV
Terminal Tractor

in Otseqgo, MN

s

Operating a
Volvo VNR Electric
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Operating a

n Cincinnati, OH

Operating a
Lonestar Specialty Vehicles
Terminal Tractor

R

in Georgetown, KY g :
o0 °

Bleceri®

Workhorse C1000

Operating a LIONG Truck

in Montreal, OCq- f
() ®
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Operating a
Lightning eMotors Van

in New York City

'o_o-

HOUSHFENWAY,

——=RACING —
Operating a
ROUSH CleanTech Truck

in Concord, NCA.
( ()
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RoL1 E Reports
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; : ¥ ELECTRIC TRUCKS HAVE ARRIVED:
The Use Case for Heavy- Duty

REGIONAL HAUL
TRACTORS

<% 1 ONLess g : e ON LESS e ONLESS = = = .
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REPORT

ELec'rchmucxs ’ B
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£ \ELECTRIC TRUCKS HAVE ARRIVED:

- e TieUseCissfor \' TheUsecCase for
Ele :;c ?int(:‘nggn re: eo tio "/n; '|§I'I|||\[7‘!! jﬂ-!ﬂxﬂrc“ﬁ _ - VANS & STEP VANS

January 12, 2022

Review Of Complete March 6, 2022 April 11, 2022 May 5, 2022 June 28, 2022
Demonstration: The Use Case For The Use Case Fo The Use Case For The Use Case For
Electric Trucks Have TERMINAL TRACTORS VANS & STEP VARS REGIONAL HAUL MEDIUM DUTY

: TRACTORS BOX TRUCKS
Arrived
MD BOX TRUCKS NACFEf

e = ALN
4 Market Segment Fact Sheets ON LESS 11

July 2022


https://nacfe.org/run-on-less-electric-report/
https://nacfe.org/run-on-less-electric-report/
https://nacfe.org/terminal-tractors/
https://nacfe.org/vans-step-vans/
https://nacfe.org/heavy-duty-regional-haul-tractors/
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Regional Haul (Mostly)
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Some CBEVS

| @t AA2Y A&l &LISNI NHzO1 ¢ .
Range Extender and runs on CNG or RNG

.A T A P s Qiﬂ?w T
Several OEMs and suppliers are working on el sE— -
hydrogen fuel ceII powered electrlc trucks

il KSR

g { =

CNG Infrastructure

From DOE Alt Fuels Data Center NACFE.
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Hydrogen & Battery Electric Trucks ‘

Both Competitor’ANDTeammates

Yes (but less) Rechargeable Batteries Yes
Yes Electric Drive Motors Yes
Yes High Power Cables Yes
Yes Software Management Yes
Yes Regenerative Braking Yes
Yes Hydrogen Fuel Cell --
Yes Hydrogen Fuel Tank --

Hydrogen Station Refueling Electric Charging Station

Large Electricity Consumption Large

June 2021 15




Hydrogen Fuel Cell Trucks ‘

Current Status

ASeveral trucks under fleet test
AOthers under OEM development

ABoth Compressed & Liquid Hydrogen
trucks planned

June 2021




Guidance on Hydrogen
Hydrogen Color Spectrum

; od“:“"'ec g TURQUOISE
\«"'rz;t;ogue:.'i‘nzrelel::?ri cit:yfr?)m :renzz:rzgle Hydrogen produced by the thermal
g splifting of methane (methane

sources like hydropower, wind, and / !
solar. Zero ca);gon emissions are pyrolysis). Instead of CO,, solid |

produced. carbon is produced. 4 |

PINK/PURPLE/RED BLACK/GRAY

Hydrogen produced by electrolysis Hydrogen exiracted from natural gas
using nuclear power. using steam-methane reforming.

YELLOW REME
droaen orodiced By alaahokls Grey or brown hydrogen with its CO
r:iln gogri d zl echriciy. Y b sequestered or repurposed.

Hydrogen exiracted from fossil fuels,
usually coal, using gasification.

Hydrogen produced as a byproduct of
industrial processes.

NACFE..‘M. 17 17

Note: There are no official definitions of these colors, but the above represents common industry nomenclature. oy AR COUREN PO P




Alternative Fuels

Hydrogen

TRADITIONAL PETROLEUMS Injection | |
into Diesel _Hydrogen _r= _Hydrogen,

HYDROGEN

’ ---------------
i

— - LIQUID
ELECTRIC ¥ NITROGEN

Nitrogen &

: : Renewable Gasoline & :
S SEV Hybi
Blends

Methanol
Sl LP Injection

into Diesel

Liquid Renewable Renewable
GASEOUS FUELS Natural Gas 8 Liquid Propane

September 2021 NACFE‘ 18




2019 Annual Fleet Fuel Study

H
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https://nacfe.org/annual-fleet-fuel-studies/

Commercial Electric Vehicle Market ‘

Impacting Factors

Class 4-8 CEV Total Unit & Share Projections USA & Canada

400 0% ABetter Total Cost of
350 R Bl Ownership
— 40%
g 0 5% = ADecreasing Battery
B 250 e 30% © Costs
2 200 2% 24% 25% = :
S .7 AGrowing Customer
= Y Lo Demand
100
10% ARegulatory Pressures
50 59
0 0%
oo s s s s s e o A Projections by ACT Research 2021
I Share (right axis) e | ) nit Volume Thousands (left axis)
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NACFER

NORTH AMERICAN COUNCIL FOR FREIGHT EFFICIENCY

NACFE.org

e HLUN

ELECTRIC
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K3 NAcre

u @NACFE Freight @RunOnlLes

m NACFE

e b Dave Schaller
WY David.Schaller@NACFE.or
260-6025713



https://www.linkedin.com/groups/2892512/
https://www.linkedin.com/groups/12553768/
https://www.facebook.com/TruckingEfficiency
https://twitter.com/NACFE_Freight
https://twitter.com/runonless
https://www.bing.com/videos/search?wlsso=1&wlexpsignin=1&q=vimeo+nacfe&qft=+filterui:msite-vimeo.com&FORM=VRFLTR
https://nacfe.org/
https://runonless.com/
mailto:David.Schaller@NACFE.org
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Decarbonization of Londpistance
Trucking

Jessie Lund, CALSTART
September 1, 2022
CES Technical Meeting 1
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A CALSTARS an internationally
recognized clean transportation
technology consortium, with 300+
members, all dedicated to the growth
of the clean transportation industry.

A Founded in 1992, we work with our
member companies and agencies to
build a highktech clean transportation
iIndustry that creates jobs, cuts air
pollution and olil imports, and curbs
climate change.
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- & N |F qoon
include manufacturers, b e T o

. ©uel Systoms E / Prelu QTOTAL ERE
suppliers, fle_ets, - -
technology firms, —— MA@
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POWER CLEANTECH Sondio SDGE
rl'l National
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m WINNEBAGO:
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MW

academic Institutions, HH
government agencies, —
NGOs, power companie<
fuel providers, & more

)
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ASustainability goals
APublic health

(esp. DACs & drivers)
AAir quality
AClimate crisis
APerformance
ATCO
ANoise
ARegulation (ACT & ACF,

MOTIVATORS FOR FLEET ELECTRIFICATION

Sustainability and envirenmental goals

I ¢+

Lower cost of ownership

Current or potential regulation

.

Increased vehicle uptime

Data for route optimization

83%

SourceCurve Ahead: The Future of Commercial Fleet Electrification

(GreenBiz& UPS)

26



MULTI-STATE MEDIUM- AND HEAVY-DUTY ZERO EMISSION VEHICLE

MEMORANDUM OF UNDERSTANDING

B Signatory States (as of June
1, 2022

17 states + D@ave committed
02 avyl1S alfsa
medium and heavyduty
vehicles in [thelr] jurisdictions
zero emission vehicles by no

f FGSNI GKIFY HAp
Interim goal of 30% sales by
2030).

The signatories represent
roughlyhalf the U.S. economy

27



MODEL AVAILABILITY IN THE UNITED SZ@JES (2(

70
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30

Total Cumulative ZETs

20

M Major OEM
| W EV Retrofit
[}
™
(]
™

HD truck MD truck MD step van Cargovan Yard tractor Other

OEM Type
B EV Manufacturer

Source: ZETI
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1,215 Zero Emission Trucks (ZETs) Deployed and
Operating in US as of late 2021

- Medium Duty: ~75%

- Yard Tractors:~20%

- HD Trucks: ~4%

~738 ZETs are in CA (~60% of total US)

Nationally:

~67% of ZET deployments were from upfitters
(Motiv, LightningeMotors, SEAetc)

dmoi: 0e HgpsIBYD, Dyrige EY)
~20% by conventionahfgs(Daimler, Volvo,
Navistar, PACCAIRLtC)

Percentage of State ZETs (%)

From CALSTART Repdateroing in on Zer&mission TrucksI'he Advanced Technology Truck Index : A U.S. ZET Inventory Report (Jan




M/HD ZET MARKET

Truck Range

Range (km)
100 200 300 400 500 600 700 800 500 1000 1100 1200 1300

Yard tractor
HD truck —=9 o0 90 s B
MD truck 4 Vo
MD step van D ) = B TEEI:: :33?:
Cargo van H 1 4 Fuel Cell
Other 1 ] @
100 200 300 400 500 600 /700 800

Range (mile)

Source: ZETI 30



80%

70%

60% -

50% -

40% -

30% -

20%

10%

0% -

Note: Important to consider daily mileage and dwell time available for charging
Source: VIUS

<50

Percent of Truck Population, by
Operating Range from Base

30% -

Class 7-8 Tractor

B Class 4-8 Straight 25%
. Class 2b-3

20% -

15%

10%

5% 7

0%
51-100 101-200 201-500 =501

Operating Range (miles)

Percent of Truck Population, by Annual VMT

Class 7-8 Tractor
I Class 4-8 Straight

B cClass 2b-3

Annual Vehicle Miles Traveled 11



* ‘ A Duty cycle (battery size, weight, range, cost, refill
®: time)

A Charging/refueling infrastructure (access, high
power, grid capacity, price, real estate, permitting)

f] A Utility rates (demand charges, TOU, etc.)

A Workforce availability (service networks,
1’{,% technicians)

32



BEACHHEADS

Early Market

Vehicle Market Growth Over Time

Market Progress Over Time
Similar drivetrain and Expanded supply chain capabilities Steadily increasing volumes and
component sizing can scale to and price reductions enable infrastructure strengthen business case

Source: CALSTART Sarty neer spphications additional applications and performance confidence 33



International
agreement on
Zero-emissions
trucks and
buses

nnnnnnnnnnnnn

Share of new

MFADVS that are I— 1 K-
rero emissions o |1
I H N *
Austria Canada Chile Denmark Finland Luxembourg Netherlands New Zealand
100% by 2040 Il | W n m‘l% 3l m— “
I N N ' A A m—

Norway Portugal Scotland Switzerland Turkey United Kingdom Uruguay Wales

30% by 2030

34



-4 6-STAGE STRATEGY TO ENABLEMINGSG AY 2040

1. ESTABLISH BEACHHEADS S

Launch all beachhead ZE-MHDV applications DRW[ Z[Rﬂ

3. LAUNCH LONGHAUL

Establish priority zero-emission long-haul corridors by 2025

| R 2. SECURE POLICY ALIGNMENT
' Secure alighed and ambitious targets and policies

4 SATURATE CITIES

' Reach 100% sales in cities by 2030

|

|

~ 5.BUILD BACKBONE

| Build priority freight corridors by 2030

- —B

l 6. COMPLETE NETWORK

I National networks in place by 2035, complete by 2040 R
|

| - -

|

2020 PAOVAS 2030

35



&

CHARIN

CharlN e. V. officially
launches the Megawatt
Charging System (MCS) at
EVS35 in Oslo, Norway

nnnnnnnnnnn

A CharlNMegawatt Charging System (MCS)

A Longhaul corridors [West Coast Clean Transit
Corridor Initiative (WCCTCI), Research Hub for Elec
Technologies in Truck Applications (RHETTA), etc.]

A Tesla battery electric semi
A Hydrogen trucks & infrastructure [drayage pilots,

DOE/IIJA fundings(UperTrucl8 awards $127 M
H2Hubs $8 B)

36



Announcements and Demonstration
Awards from Most Major OEMs:

A Hyundai (CAREEC Drayage Pilot)
A Nikola TreH2

A Navistar (GM)

A Cummins Symbig H2 CEC Demo
A Volvo / Daimler

A PACCARS{pertruck3)

A Daimler TrucksSQupertruck3)

A Ford Class 6Supertruck3d)

A GM Class 4 (Supertruck3)

A Hino/Toyota

A Hyzon

AW A































































































































































































































































































































































