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s AGENDA HTUF

: High-Efficiency Truck Users Forum
CALSTART

A CALSTART commercial vehicle activities and relationship to HTUF
program

A HTUF background and current activities

A Panel Discussion: connecting the military to commercial vehicle
developments

I Mihai Dorobantu, Eaton
I Dean McGrew, U.S. Army GVSC
I JohnSzafranskiU.S. Army GVSC

A Working group opportunities
A HTUF future direction
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These are our focus areas: >

This is the work we do:

|

CALSTARverarching Strategy:

CARS &
MOBILITY

BUSES &
TRANSIT

TRUCKS &
OFFROAD

Commercial Vehicles

Speed commercialization of clean transportation technologies

FUELS &
INFRA

Maritime

Development Demonstration &
User Connection

PerformanceValidation &
Assessment

Market Acceleration
(Incentives)

PolicyDevelopment &
Support

Industry Service




Identifying, assembling and managing real world tech
demonstrationgo meet user needs.

Validating the performance and business case of
technology to inform user, developer and policy.

Developing and managing effective, streamlined
incentives for new tech.

Developing and supporting smart, effective policies
to drive clean technology

Supporting company success via information,
partnering, identifying opportunities.




#| CALSTARTRUCK AND ORDAD INITIATIVE:
4 EXAMPLES OF WORK

CALSTRAT

Commercializing Next
Gen Trucks & Equip
Multiple demos and
pilots with OEMs for

M/HD delivery, drayage
and cargo handling

equipment

Demonstrating
Advanced Engine
Technologies

Achatesopposed
piston Class 8 engine;
15% better FE; 90%
reduced emissions

Zero Emission Beachhead, Pathways

——==7I> DRIVE TOZERO
Commercialization Market/Technology
Roadmapping Acceleration

55S@St 2LISR &0 S GlobEl PB/e tB Zero
0N 0S3e ¢ ¢ A0 KPrdgramy Vehigle N.
investing in key success Incentive Programs
applications for ZEV
and Low NOXx
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CALSTART

STREAMLINED INCENTIVE PROGRAMS

+ CALIFORNIA

CALSTART DESIGNS AND MANAGES SMART INCENTIVES‘ | H VIP
LEADING REGIONS N

www.californiahvip.org

A NEW:CORE Clean Off Road Equipment program. “ CALIFORNIA *
$44M for ZE off road goods movement CQRE

A California has invested nearly >$500M for hybrid and
electric trucks and low NOx engine€ALSTART helped TR HEE I EEEE Ol
create/design; managed for 10+ years NEW YORK | Truck Vioucher

A New York $15M voucher program for hybrid, electrici ‘?”""“T”"”"* Incentive Program
and NG trucks | v

truck-vip.ny.gov ===

A Chicago initial $11.295M electric truck voucher sold

out all funds; New funding coming soon drve cleqn

CHICAGO

www.drivecleanchicago.com



Global Drive to Zero
An International multi-stakeholder initiative to accelerate the
growth of zero-emission commercial vehicles

Near- and zero-emission MHDVs are
commercially viable and cost-competitive In
beachhead applications and first-mover
regions by 2025.

Zero-emission MHDVs achieve 80% of new
vehicle sales In first-mover regions by 2040.

———=1ID>DRIVETOZEROQ
ST




Global Drive to Zero Theory of change: from activities to outcomes

ACTIVITIES
CALSTART and partners
undertake activities to connect,
inform, and influence key
stakeholders.

RECRUIT strategic new partners
and strengthen engagement with
current partners.

MOBILIZE stakeholders
networks and integrate the Drive
to Zero strategy into existing
networks.

COMMUNICATE materials, tools,
and expertise to carry the
message of change to audiences
that can leverage and support
action.

DEVELOP and refine tools and
materials to enable partners to
take action.

SUPPORT and grow the
capability of partners in key
segments and regions.

MEASURE progress toward
2025 outcomes.

®) PRODUCTS

These activities will lead to
specific products.

®) BARRIERS

These activities and products will
minimize institutional, technical,
and economic barriers.

ZETI, recruitment of priority
partners, annual publication,
newsletters, events, webinars

Lack of model availability

PAT, recruitment of priority cities,
newsletters, events, webinars

Lack of enabling policies

Infra planning guide, working
group, newsletters, events,
webinars

Lack of fitting infrastructure

TCO calculator

Negative TCO

Synthesis reports, working group,
newsletters, events, webinars

Lack of fleet awareness and buy-
in

Case studies, Investor Council

Lack of user awareness and buy-
in

B) ACTIONS

With barriers minimized, key
stakeholders will be
influenced/supported and take a
series of actions.

Manufacturers produce sufficient
ZECVs to meet demand.

Governments show leadership

and adopt effective and enabling
policies.

Utilities and operators install fitting
infrastructure.

Vehicles achieve cost parity.

Fleet owners and operators adopt
ZECVs.

Freight users and investors
demand ZECVs.

®) OUTCOMES

These actions will lead to
outcomes.

Near- and zero-emission
MHDVs are commercially
viable and cost-competitive
in beachhead applications
and first-mover regions by
2025.

Zero-emission MHDVs
achieve 80% of new
vehicle sales in first-

mover regions by 2040.



wi | | C Ome

N W a

targets applications where zero-emission technology is likely to succeed first

Zero-emi ssi on vehicl es
Wave 1 Wave 2 Wave 3
Transit Delivery Medium Freight

Chanje Class 5 Delivery Van
Available now

E-Fuso Vision One
Announce"d.2021

ZE transit buses
f

Available now

ﬁ

Fuso ECanter
Available now

ZE industrial lifts

Freightliner eM2
Demo now
Announced 2021

Available now

ﬂ Orange EV yard tractor
ﬁfﬁ Available now
-'i'.‘ .

Similar drivetrain and component
sizing can scale to early near
applications

2020

Expanded supply chain
capabilities and price reductions
enable additional applications

2019 2021

Wave 4
Heavy Regional Freight

Freightliner e-Cascadia
Demo Now; Announced 2021

Volvo VNR
Demo now:; 2019
Europe; 2021 NA?

Y Mack e-Refuse
1@ Demo 2020;
s Coming 20227

! Teslademo
A Coming 20217

Steadily increasing volumes and
infrastructure strengthen business
case and performance confidence

2022

Corridor Longhaul

Nikola FC tractor
Coming 20227




Global Drive to Zero: Tools to Drive Market Success

INFRA

POLICY AND

TCO

PLANNING
GUIDANCE CALCULATOR

ACTION
TOOLKIT
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Resources for Transformation:



http://toolkit.globaldrivetozero.org/
https://globaldrivetozero.org/resources/
https://globaldrivetozero.org/resources/zero-emission-technology-inventory-preview/
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EH[éI'HLHT HIGHEFFICIENCY TRUCK USERS FORUM

A Funded and supported by U.S. Ar@yound Vehicle Systems
Center at Detroit Arsenal

A Primary objectives:
I Foster commercial vehicle industry collaboration with military

I ldentify crosscutting issues & technologies that improve efficiency
of commercial & military vehicles

I Support research & demonstration activities centered on vehicle
electrification, cybersecurity, connected/automated vehicles

A Program operating since 2002~$20M funding leveraged
15X with industry match
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HIGHEFFICIENCY TRUCK USERS FORUM
TECHNOLOGY TRANSBBRIAL USE

fﬂi
CALSTART

CALSTART is bringing industry and the military together to deliveudagé efficienpowertrain,
connected and automatedandcybersecuritysolutions and opportunities.

Electrification Automation

HIUF

High-Efficiency Truck Users Forum

Mutually Beneficial Goals: >/
| i - it 7N [oEveom
A Promoting and expandingpmmercial truck market opportunitiesor xSy
SYSTEMS CENTER

advanced technologies
A Driving down the cosbf developing new technologies for the military

A Bringingleap-ahead technology solution® the military through continuous
outreach and engagement
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CALSTRAT

Military Activities Commercial Activities

CCDC Ground Vehicle Systems Center Vehicle Electric Truck g(Truck Task Force, Global Drive to Zero
Electrification Forum

Electrification:DODDOE fuel cell vehicle initiative Fuel cell truck and bus testing and deployments
support Calif., Ohio

Automation: Connected vehicle (leaddollower) Connected & Automated Vehicle Users Forums
demo support

CybersecurityCCDC Ground Vehicle Systems  Ground Systems Cyber Information Sharing &
Center Cyber Lab bu#out; Cyber truck Challenge Analysis Org.

Efficiency:Opposedpiston combat engine CARBunded demo of HD opposeagiston OTR
commercialization study engine

Electrification:CCDC Ground Vehicle Systems DOEORNEUPS bdirectional wireless charging
CenterEaton microgrid program support project

15
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CALSTART

U.S. ARMYMIDWEST COLLABORATION EVENT

CALSTART supported collaboration events to b g
the U.S. Army Ground Vehicle Systems Center
(GVSC) together with industry partners:

Vehicle Electrification Forums
A 5 events- each attracted ~100 attendees

A Goal to introduce the clean transportation
technology community to GVSC and to solicil
0KS O2YYdzy Al e Qa Ay Lid:
electrification strategy

A Activity led to RFI/RFP process
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2019/20 HTUF PRIORITIES H

fﬂi
CALSTART

A Microgrid technology working group

A Advanced vehicle technologypply chain study

A Vehicle cybersecurity supply chain working group
A Opposedpiston enginedemonstration planning

A Advanced powertrairdemonstration planning

A Technology readiness analyses for military enders e e

A Advanced planning for GV8gber & Automated Vehicle o
Innovation Center s

A Working group fofleet electrification planning
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CONNECTED & AUTOMATED
EﬁSTHHT TRANSPORTATION USERS FORRMNSIT

CALSTART is accelerating connected and automated transportation by engaging and
working with transit authorities, bus OEMs, fleet owners, and suppliers.

Meeting the needs of the users community focusing on 3 Key Areas:

A Policy and infrastructure

w 9902t dzUA2Y I NBE auUuN}YUS3IASE F2N) L+ R2 LJU

@ t SNF2N)IFyOS LJ NI YSiGSNnpMeE = is e i 3
Crashworthiness

ADA
Beyond Human Machine Interface (HMI)




CALSTART CATUF NEXT GENERATION, PURK
BUILT, TRANSIT AV COHORT

TTTTTTTTTTT
transportatlo
authorlty

Santa Clara Valle
v kransportatlo
Authority
LPHJH
access

MichigamDepartment of Transportation
k y EmEs N A ’) ;
F_r._v
arylan
ransportation
uthori
e - JACKSONVILLE
y. TRANSPORTATION
i £ Y AUTHORITY
i ‘-Q("\_ Wj ,’j
THINKING OUTSIDE OF THE IUS
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CONNECTED & AUTOMATED

/Z.J!i
CALSTART

TRANSPORTATION USERS FORRWMCK

— —

CALSTART is accelerating the connected and
automated movement of goods by engaging
and working with MD/HD truck OEMSs, fleet
owners, and suppliers.

Fromlong-haul freightandwarehouse
logistics to home deliveries stakeholders
are looking tcAutomated Driving Systems
(ADSY)o improve operations, safety and
security.
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CALSTHRT

A ZE Bus Deployment Support | A ZE Bus Deployment Support
A Maintenance/Safety SOPs A Northern Light and Electric
utility rate-case //

DUNN
Sms
METRO | ‘fit"
5737, ‘I.":,

£

JANESVILLE
\\isconsm’s Great Dedsive.

>k CHICAGO

A Utility RateCase Support (DTE/CMS)

A Supply Chain Study

A Technology Readiness Study

A Vehicle Electrification/Export Power/Cyber
WG

A HTUF 2020

A CATUF

A ZE Bus Deployment Support

A Commercial Vehicle Readiness Guidelines
A Chicago EV Ordinance

A DOE Data Collection (CTA/CCC)
A Drive Clean Chicago

A OnSite H2 Generation Report
A MI1/Ohio H2 Demand Study

A Midwest ZEB 3 WG meetings
A Microgrid Study

A H2 Bus Analysis

A SARTA NEORIide FTA IMI
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CALSTART

Mihai Dorobantu-
Director, Vehicle
Technology Planning and
Government Affairs,
Eaton Venhicle Group

PANEL DISCUSSION HTUF

JohnSzafranskg

Division Chief, Vehicle
Electrification, Ground Vehicle
Power & Mobility, U.S. Army
Combat Capabilities Development
Command, Ground Vehicle
Systems Center

High-Efficiency Truck Users Forum

Dean McGrewg

Branch Chief Powertrain Electrification
Team, Ground Vehicle Power and
Mobility, Ground Vehicle Systems
Center, US ArmyArmy Futures
Command; DEVCOM

22
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Commercial vehicle electrification

Dr. Mihal Dorobantu
June 2020
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© 2020 Eaton. All rights reserved.



Eaton and HTUF: A Twenty Year Journey

2020:Eaton and Green Motion to
Integrate EV Chargers in Buildings with
Energy Storage

2002:Sen. Orrin Hatch ¢(Rtah) congratulates
FedEx, EDF and Eaton férlMD HEV: "a
bellwether for the rest of the nation and the
world."

Over 15 years and 2 billion
miles of safe, reliable HEV
and PHEV service

© 2020 Eaton. All rights reserved.

EF.T°N

Powering Business Worldwide



Eaton is helping to evolve EV technology at our sweet spot:
the convergence of electrical and mechanical power

Electrical Sector ($13B)

Hydraulics .
y Electrical Products

Aerospace , )
P Electrical Systems & Services

Vehicle

Industrial Sector ($7.5B)

MR Vehicle 4 Electrical

A Vehicle dynamics A Circuit protection
A System integration A Power electronics
A Safety standards A R&D resources
A OEM relationships A Current scale

E-T°N

Powering Business Worldwide © 2020 Eaton. All rights reserved.



Eaton specializes in power electronics, systems,

distribution and protection

Power Distribution and Protection

Safely and reliably distributing
power

Power Systems

’ Power Electronics

Managing electrical power Managing mechanical power

Eaton products

Integrated areas

Traction Motor
-|§l Electric motor creating
mechanical power

HVAC/Thermal Management
Heating and cooling electronics

and the passenger Energy Storage

Storing electrical energy

E-T°N

Fowening Business Worldwide © 2020 Eaton. All rights reserved.



All-new heavy duty EV transmission

Purpose-built
design for electrified
commercial vehicles

Engineered with industry
leading expertise

Uncompromised
gradeability
Improves vehicle
performance

Efficient motor use,
extended range
and/or reduced

battery size

Flexible shift
schedules

E-T°N

Powering Business Worldwide © 2020 Eaton. All rights reserved.




