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Tony Seba Is a world-renowned thought leader, author, speaker, educator, angel Investor
and Silicon Valley entrepreneur.

He is the author of the #1 Amazon best-selling book “Clean Disruption of Energy and
Transportation”, “Solar Trillions” and “Winners Take All’, and co-author of “Rethinking
Transportation 2020-2030", “Rethinking Food and Agriculture 2020-2030" and
“Rethinking Humanity: Five Foundational Sector Disruptions, the Lifecycle of Civilizations,|
and the Coming Age of Freedom”.

He has been featured in several movies and documentaries including Bloomberg's
Forward Thinking: A World, 2040, and He is recipient of many
awards including the Savvy Award (2019), Solar Future Today's Visionary Influencer
Award (2018), and Clean Energy Action’s 2017 Sunshine Award. He is the creator of

the Technology Disruption Framework™ (download PDF).
His work focuses on gy disruption, the of business

model innovation, organizational capabilities and product innovation that leads to the
creation of new industries and societies and the collapse of existing ones.
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NEW YORK,S Recommended
CLIMATE LEADERSHIP and Additional Actions
COMMUNITY PROTECTION ACT

Electrify Everything that Moves

New York's landmark new law, the Climate Leadership and Community Protection Act (Climate Act), ) )

is demonstrating to the nation how to confront the greatest threat facing life as we know it — * Adopt ZEV (zero Emission venicie) for medium and heavy duty vehicles and

a apidly changing climate. Signed by Governor Andrew M. Cuomo in July 2019, this law will empover carve out explicit targets for trucks and bus conversion that prioritize
every New Yorker to fight climate change and provide the opportunity to improve all our daily lives. diesel emiSSion reduction in ail’ pOllutiOn OVerbUrdened Communities
« Mandate rapid phase in of the conversion of the state’s fleet to ZEVs
« Rapidly expand policies to encourage uptake of EV's - like incentives

and enhancement/expansion of charging infrastructure

the way we got 0 school and work. N Yorke

Industry Drivers

NYS Climate Action Council June 28, 2021 Meeting

aha
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. . . ope . Governor Cuomo Announces Initiatives to Electrify Transit Buses, Boosting . .

Tlmlng of Vehicle Electrification Access to Clean Transportation and Building Healthier Communities Overall Eﬁlclency
ol LU DNIPIGE it O e e e Governor Andrew M. Cuomo today announced a series of initiatives to
increase the number of electric buses in New York as part of the State's New York's Nation-Leading Climate
efforts to mitigate climate change, create healthier communities, improve
air quality, and boost access to clean transportation in underserved

oty Avsabty oty Hgh Technology AvatsbiltyPathwey Cuomo's nation-leading clean energy and climate goals in the Climate | 5,000 Mw of Soiar by 2025

communities. Specifically, this effort includes $16.4 million in incentives 85% Reduction in GHG Emissions by 2050 ,:
for the expansion of electric bus usage amongst public transportation | 100% Zero-emission Eisciicty by 2040 o

authorities, as well as $2.5 million for school bus operators to acquire R =
o cleaner forms of transportation with lower emissions. These measures will R . w6
w0 s w0 w5 w0 s w0 S m ww s w0 s e help take polluting vehicles out of service across the state to reduce | 2000V ofOfshore Wingby 2035 L il
Heay Duty Tk Sles Metum and HeavyDuty Tk Stock greenhouse gas emissions and improve air quality in support of Governor | 3.000 MW of Energy Storage by 2030 =
o

Leadership and Community Protection Act. I =

22 Millon Tons of Carbon Redction througn
19y Effciency and Electiication . - - -
"Electrifying transit and school buses at scale is an important step in our — . - - -
« - g fight against climate change and is essential in helping us reach our
ospeih ambitious goals to create a greener New York State,” Governor Cuomo [ FuelProduction
R said. "Through these initiatives, bus operators will now have the support [ Fuel Consumption

and resources they need to modernize their fleets, reduce emissions and e oo ot P A S e Sty
Twwmn o amw mm o owe me I ensure underserved communities have cleaner public transit options as wha frosettmbatiiaint e Y " N
wendel we work to further reduce our carbon footprint.” wendel
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BEB Overview: Battery Fundamentals

NEW BATIERY

o e

wom =

Sty OLoer saTIERY

atery Management Netwar for Ful ElectricalVenices Featuring Smart
1t Pac Leve By Alsander Oto May 2012

= wendel

Assessment
of Learning
Question #1

What are the major driv
to vehicle electrification

Proterra 440 kWh Example

Service Energy for Protorra E2 440 kWh
CAPACITY EFFICIENCY MPGe RANGE

Battery Technology

' |
Kwendel

Nominal Range

327 kWh[New] ~ 22KkWh/Mie  153MPGe 149 miles

w1
o |

259KWh[Old]  22KWh/Mie 153 MPGe 118 miles
327kWh[New] ~ 17KkWh/Mie  19.8MPGe 192 miles

259 KWh [Old] 17kWh/Mile  19.8MPGe 152 Miles

O 10 200 300 400 500 600 700 on
e foutes in the state of Connecticut

onatesttrack

B Unusavio LL
- in Altoona PA by the FTA. No heat or A/C, fattrack, no passeners
=

Tos) Traditional diesel bus mileage 4.0 5.0 MPG.
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* Most BEB batteries are Lithium-lon
Batteries

* Bigger isn't always better

o The larger the battery the longer the range
of the vehicle

The larger the battery the heavier the
vehicle, the heavier the vehicle the smaller
the load

o

+ On route Charging vs Depot Charging
o Smaller battery - on route charging

o Larger battery - depot charging

17

Battery Considerations

CatalystE2
440kWh

Overall
Front
Rear

Driver
Seated
Standing

31,360
14,000
17,360

Seated

37,230
15,860
21,370

Seated &
Standing

43,530
17,950
25,580

40
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armodel Surface Transportaton Effiancy Act (STEA)
Year Enacied: 1992 End Date:1994 In 2012 extended Indefnely

it it on

Interstate Highways Sates are not alowect 0 enforce a sinle axe weight imit of

less than 24,000 pounc
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Vehicles: Batteries

) PHE)
Iithium-on

Nickel-metal hydride (HEVs)
Lead-acld

Lithium-polymer
Ultracapacttors

“ALTERNATIVE POWER | BATTERY ELECTRIC
‘Game changing’ Toyota solid-stat:
battery lighter, much more powerful
than current lithium-ion

&
Toota confirmed this week that s
developing asoidstate battery o be used in

wehicle lectrfcation. Compared to
conventionallithiurn-ion, solic-statelthium

Toyota oins Volkswagen-backed

Solid-State Lithium-Metal

noteworthy news onsoll-state battery
development. QuantumScape, a Californa
based startup,reported n Decemberthat ts
[ solldstate design offers 80% more range
Updsadsan2l 2021 than curtent ithium fon cells, a 15 minute.

n.The

e ey virtually
anode-free),offernearly double the energy
densityof conventional lthum-ion,take up.

metal batte

are much lighter,more
powerfultake up lss space, charge faster,
Iastlonger and present much lower isks for
Fammabilty.

Whie Toyota, the parent company of truck manufacturer Hing, worrt reveal
much on the matter,they did offerthe following statement:

and demonstrate higher performance than ithiumion batteries. We are

T

driving,
first hatfof the 20205,

Commercii Carir Journel Januery 2021
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Charger Considerations

l'l'wendel
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Small vs. Large Battery Electric Vehicles

Large Vehicles/Fleets

Small Vehicles
42KWh - 75 kiWh

220 KWh - 660 kiWh

Understanding Size

+ DC Fast Chargers (Level 2 or « Level 1 (on board) or Level 2 (off

Level 3) board) Chargers
s ~ Fastorslow + ACor D
Proterra Electric Transit Bus Who + Rapid, Fast or Siow

« Transit agencies (BEV's) Who

+ Class 8EV's * Individual cars

« Large fleets « Small vehicle fleets
ere Where

« Garages/Depot/Storage areas « Public parking areas/Municipal lots

+ On-route charging * Restareas/0ffi

Tesla Model S

®wendel

Assessment
of Learning
Question #2

What maintains a batté
in a safe operating rang

Pantograph Chargin

Automatic

Invertod Pantograph

Drop down Pantograph
Utilized heavily for on-route charging in the US.

Autornitic

[rm—r—

Bus Mounted Pantograph
Utilized heavily for on-route charging in the Europe.

First Pantograph Indoor charging System In Eu

23
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g Options 1a

rope.

Able to deliver high-capacity charge
Able to provide on-route charging
On-route applications may reduce battery
size requirements

High maintenance - particularly in winter
climates, icing, alignment issues, etc.
Added cost to the bus (roof mounted)

If deployed on-route will require:

+ Additional infrastructure in constrained areas
(Switchgear, transformers, pantograph
structure)

Onroute would be all on-peak charging,
potentially significantly increasing charging

If deployed in Bus facility will increase
structural and height requirements with

associated costs. A

®wendel
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Inductive Charging Option

P —

ik

Deployed in Europe and the US. Multiple manufacturers.

5 &

Advantages
Able to deliver high-capacity charge
Able to provide on-route charging
On-route applications may reduce battery
size requirements
No moving parts, less maintenance
Little impact to bus storage processes
« Little impacts to system from weather
Disadvantages
+ Added cost to the bus (receptors mounted

under bus)
« If deployed on-route will require:

Additional nfrastructure in constrained areas

(switchgear, ransformers)
On-route would be al on-peak charging, potentially
Signficantly ncreasin charging coss
1f deployed n bus faciity wil reauire trenching for
embedded equipment,

ala

awendel
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fuel cell innovation

Our offering :
o 2% b
-. e -
| 000 -

-

Scoflex megratedHioh  SeoflexEnery Storage
Poverchargers e

Deployed in Europe and the US. Multiple manufacturers.

o . \
PIu I Chaglnq Oh_ns

Simple, low-cost option for bus charging
Low maintenance

Can be used for either high capacity or
slow charging

Can be used on-route but is mostly used in
depot charging

Chargers are typically the same as for
other delivery options

Disadvantages

« Is manually operated

« Placement in tight bus garages becomes.
challenging - may require reels mounted
in the ceiling, adding to capital cost (reels
and structure costs) and maintenance

« Pullouts can damage equipment

+ Drop down reel options are currently
limited with cord length limitations

26

Depot Charging Options

prores:

PROTERRA

28

el

Infrastructure: Connectors and Plugs

b

Level 1 SAE J1772
NEMA 5-15
NEMA 5-20
Level 2 SAE J1772
DCFast  CHAdeMO
SAE J1772 Combo
Tesla Supercharger

Wireless  SAE J2954 (pending)

27

-chargepoin-

o

e [ o
[r— oo
CPE 250 e [ —

62.5 kW or 125 kW Available late spring 2020

Shared between 2 - CPE 250's

29
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Vehicle-to-Grid Technology

How V2G Works

= wendel

Assessment
of Learning

Question #3

What types of vehicles
Level 1 charging?

Vehicles

' |
Kwendel

Basics: Electric Drive Vehicles

Hybrid Electric Vehicle (HEV)
« Powered by an engine and electric motor

+ Does not use electric vehiole supply equipment
(EVSE)to charge the battery

Plug-in Hybrid Electric Vehicle (PHEV)
+ Powered by an electrlc motorand engine
* Uses EVSE to charge the battery

All-Electric Vehicle (EV)
+ Powered by an electric motor

+ Uses EVSE to charge the battery

= wendel

Vehicles: Vehicle Availability

Vehicles: Maintenance and Safety

* HEVs and PHEVs have similar maintenance
requirements as conventional vehicles

+ EVs typlcally require less maintenance than
conventional vehicles:
o Battery, motor require little to no maintenance
o Fewer fluids to change
o Brake wear is reduced due to regenerative braking
o Fewer moving parts

Y| + Electric drive vehicles must meet the same safety
standards as conventional vehicles

aha

“wendel
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Assessment
of Learning
Question #4

True or False: Electric
vehicles are more
expensive to maintain:

afdc.energy.govitools

= wendel
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Additional Resources

|:Iwendel

More Information

BiERoY

‘Wendel Companles

Altemative Fuels Data Center

Alternative Fuels Data Center
(AFDC)

Electric Drive Transportation
Association (EDTA)

Plug In America

FuelEconomy.gov

PEV Handbooks

Helpful Resource:
Clean Cities PEV Handbooks
EL it res i

afdc.energy govipublications

®wendel
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Questions To Ask

* What federal, state, and local incentives
are available?

* What are my driving range needs?
* What type of PEV is best for me?

* How and where will my PEV be charged
each day?

* What level of charging will | need?

* Are there charging stations in my area?
Are they public or private? Can | visit?

* What support can my local Clean Cities
coalition provide?

Helpful Resource
The AFDC Laws and Incentives Search provides information
about available state and federal incentives fo and EVSE

41
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References and Resources

« AFDC Vehicle Cost Calculator )

« AFDCEV Emissions page ( )

+ AFDC Alternative Fuel and Advanced Vehicle Search ( )
+ AFDC Station Locator Database ( )

Feckaanom o Aot o Verics (A e ) Assessment Do you have

+ Clean Cities Plug-In Electric Vehicle Handbook for Fleet Managers ( )

Clean Cities Plugin Electric Vehicle Handbook for Workplace Ch Host fL H

‘ean ities Plug-In Electric Vehicle Handbook for Workplace Charging Hosts , o earnlng any

+ Clean Cities Plug-In Electric Vehicle Handbook for Public Charging Station Hosts ( ) o o 7
Question #5 questions

+ Clean Cities 2015 Vehicle Buyer's Guide ( )

+ Argonne National Laboratory’s (ANL) Well-to-Wheels Energy Use and Greenhouse Gas Emissions Analysis of Plug-in Hybrid Electric
Vehicles report ( )

+ Electric Drive Transportation Associations (EDTA) Electric Drive Sales Dashboard
( )

Where can | go to get

National Fire Protection Association EV Safety Training ( )

Notlonal Alernative Fuels Training Consortium First Responder Safety Traiing more information on
( )

- Pugin America' Venicl Tracker ) :

- TonySeba BEV’s?

= wendel
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Alternative
Energy

* Fuel Cells

Fuel Cell - 1.4 MW fuel
cell - Requires the space
of a tennis court

A41.00/kW

Assessment
of Learning

NextEra solar plan for
Hamden. 2.22 MW

Questions

+ Battery Storage

Tesla 20 MW battery storage
facility in California. 1.5
acres of land.

esel or natural g:
+ Third party BOOM




Case Study 5

Worcester Regional Transit Alithorlty (WRTA)

+ (1) 500kW On-Route charger at an intermodal hub.

+ Dedicated charger electrical service and distribution.
+ Outdoor charger with drop down pantograph.

« Attached to canopy structure.

Typical “Charger Farm”
Right to Left - Transformer, Main Service Gear,
Charger Panelboard, Chargers, and Dispenser

#wendel
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“Charger Farm”

53

Interior 120kW chargeEZﬂB
Pals.

Typical Dispenser

51
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Heavy-Duty Advanced Vehicle Purchase Voucher: NYSERDA
offers vouchers for purchasing heavy-duty trucks and school
buses running on alternative fuels, including 80% of the
costs up to $150,000 for a battery electric school bus,
shuttle or transit bus, 95% of the costs up to $185,000 for a
battery electric truck, 90% of the cost up to $120,000 for a
plug-in hybrid electric truck, and 90% of the cost up to
$55,000 for a hybrid electric truck.
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