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NACFE

= Unbiased, non-profit

= Mission to double freight
NACFE helps you save w—— Ef'ﬂCiency

money and reduce
emissions.

= Fleets, manufacturers, shippers,
software, governments,
associations, etc.

= Scale available technologies
= Guide future change
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Electric Trucks
—a..

S

“I'don’t believe in
electric trucks”

“Right product for every custom.

No predetermined answer for them”
Tim Proctor — Cummins




Argument FOR Electric Trucks
Commercial battery electric vehicle (CBEV) weight is not an isue

CBEV technology is proven and here now
Maintenance will be less costly

CBEVs will last beyond 10 years
CBEVs will be competitively priced
CBEVs will be less expensive to operate

CBEVs will command a premium at resale

Trust the market to provide CBEV charging solutions

Trust the market to provide CBEV charging solutions

The grid and market will evolve with CBEVs

NACFE’s findings on these 10 arguments are discussed in detail in its
Electric Truck Guidance Report

Mot
WEIGHT

TECHNOLOGY

Argument AGAINST Electric Trucks

Vehicle tare weight is too high to support my freight needs

Technology is not ready
Maintenance may not be less costly

Vehicle life is too short

Vehicle purchase price is too high for a positive ROI

Vehicle operating costs are too great for positive ROI

Vehicle residual value is questionable

Charging infrastructure is not ready

Charging Infrastructure is not fast enough

The electric grid cannot support growth in electric vehicles
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Argument FOR V S
Electric Trucks .
Commercial battery electric vehicle (CBEV) WEIGHT

weight is not an issue

Argument AGAINST
Electric Trucks

Vehicle tare weight is too high to support
my freight needs

NACFERN

NORTH AMERICAN COUNCIL FOR FREIGHT EFFICIENCY




What Comes Out of a Diesel Truck?

= Engine & Transmission
" Drive Lines and Axles
= Emissions Systems

= Fluids, Tanks, Lines

" Filters

" Charge Air & Turbos

Over 7,800 lbs

Diesel Truck Subsystem

Engine & Related
Transmission & Related
Driveshaft Parts

Fuel Tank & Related
Rear Tandem Axle

Exhaust/Emission
Systems

Diesel Fuel (full)
DEF
12V Batteries (3)

Cooling System

Other Brackets, Mounts,

Cables, Components

Total Diesel Related

Approximate
Weight (lb)

2,300
810
230
200

1,200

480

1,728
209
180
310

200

7,847




= Duty Cycles Differ

= Loads Vary

= “Average” Is Not Typical
= Empty or Cubed Out

% of Total Estimated VMT

Many
Not At Max GVWR

250% =
" 4 EMPTY
[ g

200% +
15.0% +
10.0% +

50% 4

0.0%

How Much Freight Is Really Carried?

§ o Cubed-Out _, 1 WeighedOut ___,
] | 0%




Weight Estimates

There Are Viable
Solutions in This
Space
__ 80,000 HEE
3 Systems
T_: 70,000 Battery
.-ED 60,000 Battery
Q
= 50,000 Freight
% 40,000 Freight Freight
<
2 30,000 .
v Trailer
o 20,000 Trailer Trailer
G)
10,000
Tractor Tractor Tractor
O e —
Typical Best Worst
Baseline 14 Ib/kWh 25 Ib/kWh
Diesel 1.5 kWh/mi 2 kWh/mi

Viable For Many Duty Cycles




Technology

Argument FOR
Electric Trucks

CBEV technology is proven and here now

Maintenance will be less costly

CBEVs will last beyond 10 years

VS.

TECHNOLOGY

Argument AGAINST
Electric Trucks

Technology is not ready

Maintenance may not be less costly

Vehicle life is too short
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Is The Technology Ready?

Chiller: Cooling of the
High Voltage batteries

Low Voltage High Voltage §.teer|ng pump front

-
distribution unit s Batteries /
X LT cooling circuit \

SAE J1772 Level 2

2 : g = : 7 & s v A A \ N . ‘High Voltage Charging Control Unit
" High Voltage High Voltage Junction Box
\_ aircompressor
‘ ) High Voltage PDU
! o ‘
v ‘ High Voltage Inverter I‘ High temperature cooling circuit

|
High Voltage
brake resistors

Mercedes-Benz ‘

Urban eFrRUJC K

Yes, But...
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Technology S-Curve

Poter i)

Diesel &
Gasoline Trucks

Performance

Reliability

Life Span Electric Trucks Will
Economy Improve Quickly

- Electric




Historical Precedence
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Vehicle Cost

Argument FOR
Electric Trucks

CBEVs will be competitively priced
CBEVs will be less expensive to operate

CBEVs will command a premium at resale

VS

COSsT

Argument AGAINST
Electric Trucks

Vehicle purchase price is too high for a
positive ROI

Vehicle operating costs are too great for
positive ROI

Vehicle residual value is questionable
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Cost Trends

S Downward

: LESS COStly / more ca pable €ve ry yea r BNEF EV lithium-ion battery pack price

survey results

Battery pack pri ce(S/kWh)

= Cost equalizers - Incentives, grants, tax breaks

1 000

= “Clean sheet” designs vs. component

replacement mentality I I I I l
= Improved manufacturing efficiencies w/scale . . -

2010 2011 2012 2013 2014 2015 2016 2017

Source: EIombery New Eneray | nance

Bloomberg
New Energy Finance

= Potential less service costs & higher reliability

UPS & Workhorse New BEV - “It’s also an
= Unknown residual market pricin g industry first because the acquisition cost is
comparable to gas and diesel.”
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NACFE TCO Calculator

Grants, Incentives,
Vouchers, Rebates,

Trade-In, etc .
Residual

J Value
8 9 10 I
Year 1l 2 3 4 5 6 7 o 7 ®

Annual Cost I [ [
Fuel or Energy
Maintenance v
Repai * + +
Finance v
Insurance Battery Pack
etc Replacemen t
v
MSRP

Many Factors In
Total Cost Of Ownership
Comparison




Charging

Argument FOR
Electric Trucks

Trust the market to provide CBEV
charging solutions

Trust the market to provide CBEV
charging solutions

The grid and market will evolve with CBEV

Argument AGAINST
Electric Trucks

Charging infrastructure is not ready

Charging Infrastructure is not fast enough

The electric grid cannot support growth
in electric vehicles

NACFERN

NORTH AMERICAN COUNCIL FOR FREIGHT EFFICIENCY




harging Infrastructure

Color Key:
. S
Black: Generation Transmission Lines A 5 GE\;’Stog‘g;kv
765, 500, 345, 230, and 138 kV an
LY
>0
Substation Primary Customer
Step-Down 13kV and 4kV
Transformer
Generating Station Transmission & 8 ||Secondary Customer
Generator Step Customer S]] 120V and 240V
l_Jp Transformer 138kV or 230kV
Transformer Vehicles

Serviee . Ié

Conduit/
Wiring )
Meter Panel Charging
Station
] - Supply Charger
Service Connection Infrastructure Equipment

Roadblocks to some are
opportunities to others
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Mixed Technology Fleets

1L

\\\\\\\ m\m\‘ |“ T

Mixed Tech Fleets
Are The Norm
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2 Points Of Parity

CLASS 3 THROUGH 6 CBEV PARITY VS.

DIESEL SYSTEM (NACFE)

CLASS 7 AND 8 CBEV PARITY VS. DIESEL SYSTEM (NACFE)

NOwW 2020 2025 2030 BEYOND NOW 2020 2025 2030 BEYOND
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Knowns & Unknowns NACFERM

NORTH AMERICAN COUNCIL FOR FREIGHT EFFICIENCY

Unknown Factors in Cost Modeling
for Medium-Duty Electric Trucks

« Predicting e-commerce
« Experience dilemma

MARKET :\R/::iigluea:if/ia!ue of electric trucks
u M a r ket I SS u e S ‘ . ISSUES . Sgggﬁl%ﬂ \t/)glsusigédiesel and

« Vehicle recycling/salvage
« Diesel and gasoline fuel prices

[ ] B atte ry I ssues ;l:zmenance and repair

« Raw materials
BATTERY « Weight
|SSU ES « Battery life, range, replacement

« Battery second life

- Reg u I ato ry I SS u es « Battery climate sensitivity

« High voltage security

Zero-emission zone mandate

REGULATORY - zeroe
[ | Power Issues I\ ISSUES « Incentives, grants, vouchers,

subsidies, tax breaks

POWER « Energy sourcing
« Electric grid readiness
ISSUES + Scaling

Medium-Duty Medium-Duty
Gas or Diesel Trucks Electric Trucks




Electric trucks will succeed or fail under
the intense spotlight of the marketplace

Electric trucks are not for every market
but they are viable in some

Innovation is rapid in this space
not just for trucks, but for infrastructure and
business models




Thank You

More Details - www.NACFE.org

NACFE Guidance Reports-

= Electric Trucks — Where They Make Sense May 2018

* Medium Duty Electric Truck Total Cost of Ownership  Oct 2018

= Amping Up: Charging Infrastructure for Electric Trucks Mar 2019

= Class 7/8 Regional Alternatives Fall 2019

= Class 8 On-Highway Alternatives Winter 2019
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THANK YOU



