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Electrified Bus Transportation | WAVE
Solutions
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Electric Grid Wireless Charger Vehicle

WAVE Technology:
Safe Power Transfer through Road & Weather
Fast Charging
Large Air Gap — No Mechanical Movement
Efficient > 90%
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Electrified Bus Transportation | WAVE

Solutions
Limited Range & Ugly & Saiitic & Impractical
. Heavy Batteries
Anxiety Unsafe

VAT/ANVA= * In-Route Wireless » Low Profile » Carry Less » No Hulking Wires
Solution Charging » |nvisible * Reduces Vehicle + Never Plug In

« Charge at Stops Infrastructure Weight » Automated

* Double the Range « Hide It Underground « |Improves Efficiency
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WAVE Wireless Charging | Metro McAllen TX




Opportunity Charging | Range Extension
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Time of Day

“The charging pad is positioned at the bus terminal for layovers, which are typically about 10-15 minutes,
and during this time the bus will be charging,” Mario Delgado, City of McAllen Transit Director
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Range Extension | Increased Charging Power Level

Power (kW)

250

200

150

100

<10,

25-30 Miles of Range
Per Hour of Charge

100

125-150 Miles of Range
Per Hour of Charge

200 300
Range Extension (miles)

400

WAVE((




Wireless Charging vs. Overhead Charging
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Wireless Charging Overhead Conductive
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Commercial Deployments
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1st US Fleet 100% Battery Electric | 250kW

Depot Charging

In-Route Charging

SWeal(] JnoA piing

WAVE 250kW
Wireless Charging

WAVE Demonstrates 250kW Wireless W
Power Transfer System

SOURCE: WAVE INC. FEB 2 7

WAVE Demonstrates Industry Leading 250kW WPT System
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Full OEM Vehicle Integration

W ARNING
OnE STANTING Bus:
) | FROM MAINTENAMCS
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Wireless | Freaky & Scary?

| / It is a bit freaky with this

< wireless technology




Product Safety Certifications

Safety Certification Magnetic Fleld
Exposure

Underwriters
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The Plug-In Nightmare!l! | Can Wireless Charging Avoid

This?

Accepted Plug Types:

Type C
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Type C or CEE 7/16 electical phug faka Europlug) is a
two-wire plug that has two reund pins_ They are used inal
countries of Eurcpe with exceptions lke the United Kingdom,
Ireland, Cyprus and Mata.

CEE 7/16 / Type C plugs:
Amps: 2.5

Vols: 110-240

He: 50-60

Ty A or NEMA 1-15 elecincal plug (or flat blade atiachment
piug) & an ungreunded piug with two fiat paralel pins. Japa-
nese plugs can be wsed in the LS but ofien not the other
way around.

MNEMA 1-15 / Type A plugs:
Amps: 15

Vois: 100 - 127

He: 50-60
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Disclalmer: Use of ev-Institute.com Is at your own risk: We assume no Liabllity or responsibllity for use of our site or for It's content.

Plug-In Around the EV World

Type F or CEE 7/4 elecincd plug has two 4.8 mm round
pins spaced 19 mm apart and a hole for the socket's male
grounding pin. The CEE 7/4 plug & manly used in Genmany,
Ausira, the Nethedands, Sweden, Friland, MNorway, Portugal,
Spain and Eastem Burcpe.

CEE 7/4/ Type F plugs:
Amps: 16

Volis: 110-240

He: 50-60

NN,

Type B or NBWA 5-15 electrical plug has two fat paalel pins
and a round grounding (or earth) pin. The Type Bplug s
mainly used n the LSA, Canada, Mexico & Japan. As with
the type A plugs, the American and Japansss versions vary
sy

MNEWAA 5-15¢ Type B plugs:
Amps: 15

\ols: 100127

He: 50-60

The Type | plug has two fiat pns in a V-shape as wel as a fat
grounding pin. A version of the plug, which only has the two
fat pins, exits as wel. The Type | Pug & mainy Lsed n Aus-
tralis, New Zealand, Papua MNew Guinea, China and Argenti-
na.

Type | plugs:
Amps: 10
\bis: 120-240
He: 50-60

The Type G leciical plg has three rectangular blades in a
tranguiar patiem and has an incorporated uses (for smaler
applances such as a computer and 13 amps for heavy duty
appiances). Thi plug is manly used in the Uinited Kingdom,
Ireland, Cypnus, Malia, Malysia, Sngapors and Hong Kong.

Type G plugs:
Amps: 3-13
Volis: 110-240
He: 50-60

Thae S4E 1 772208 s cesignnd for single o

150 ¥ or 230 sch o hom Lsed in North Amance and Japon The mund 43 milme:
o (1.7 i clarmeer cormactor b s pine, with thme ciferent pin s, | AC Una 1,
AC: Linm 2, Ground Pin, Prosdmity Detection, Corrol Piot). Approsimasing onm connac-
Sorvdsnonnaction cycka dialy, Fad

The EC 62796 Typn 2 comactor is designed o singlathe phass siectrical sysame
ranging fom 260 V or 400 V such a5 those used in Euope. The 55-68 milimatms
iarnarior conmacion hies s pies, with bwg. cifiernt pin clameies. [AC Line 1, AC Ling
2, AC Line 3, MNewtrad, Prosdmity Danection, Corng Plot, Ground)

Power: 43 K frapdnum cuma—nt]
Charga Modie: 1 and 2

Common Connectors Types:

GB/T 20234 .2-2011 AC

SAE JITZ2 DC CCS Combo 1 Type 1

The GEVT 2023422011 AT Correcior ks designad for Abarmaring Clmant (AC) plectrl-
ool syt wifh 220V or 400 such e those Lsed in Chine The conactorn hes smen
pins, with theme cifirent pin clameters. (A0 Line 1, AC Ling 2, AC Line 3, Neural, Pros
lrrity Dastncsion, Coriol P, Grounding).

Connactor: GET 20234 2-2011 AC

Cumet: 2 A

oltage: 220 - 440 W ACY (DG underonsicenton]
Prower: 362 KA' - 14,08 MY radmum cument)
Charge hode: 1-3

GB/T 20234.3-2011 DiC

1D 3
o000
)

The GEVT 20234.3-2011 DC Cornaecior s designed o Dinct Cumant (00 slecriond
‘SysnmE with 400V or TE0 'V such s thomm used in Chine Thr comacton fos sven
pins, with four cifierent pin clameinns. (A Line 1, AC Ling 2, AC Line 3, Meual, Prosmi-
‘ty Dicon, Control Piot, Grourding).

Connactor: 20234 32011 DO
Cumr: 2504

WEA:I:-?\SE]VW
Prowar: 50 KW - 1575 ke (msdmam cumn
Charge Mode: 1-3

The SAE 1 772 Corntined Charging System (C05) bs designed for et
sy with 200V or 00V much a5 those used in Amedca and Jepon. Tha B5.8X 119

Cormacton s 0 pins, with two difise pin clamelens. (A0 Line 1, AC Line 2,

it
Grourd Pin, Prosdmity Deincsion, Corol Piot, DC: pover +, DC: pover .

Connecton: SAE 1772 Combined Crarging System Type 1
Ao 200 A

Wt 00 - B0 W DG

Cumant: 126 KW fmadmum cumn]

Chrge Linei: 3

The EC 82198 3 Tyon 2 Cormbined Charging Systerm (C05) Gambo 2 Cormector i
designad for dmet cument slncirionl sysens wih 200 V or B50 Y sLch a5 those used o
o e workd, espacialy in ELLThe sy fun i, ciflarort
chrmastirs. {Ground Pin, Prosmity Detecion, Control Plot, DC powr +, DG power ).

Corracior: B DCCCS Combo 2 B 62106-3 Tioe 2
Cumnt: 200 &

Woltnge: 00 - 850 DC

Fowar: 13 kA - 170 ki (mesdmum cunen)

Chargs Moce: 2 - 4

The i Crociem L minctrical sysms wih 250V
or 400V such and Amaricn. Tha 77 rrllimeses
clarmater corracior s e pine, wih e cifienent pin ciarmeters. [Refeesnce GhD for

Iresudorion, conol BV relay [1 of 2], M4 ot ol pirrss e ueec), ey 10 charge control,
Prowar iry-nagathe, Power in-postio, prosmity demcion, Commungaion +, Commn-
cation -, Control BV ety [2 of 2] ).

Cornactor: Chadermo ek

Amps: 100 - 1204

ol 00V DO

Cumart: &0 KW madmum cumng
Lovei: 3

Chiarg hoda: 4

The Tarsia sngatme g fom

1HIVAC - 240 WA or BO0VDC. Tha corrector b #n pins, wih frma difamnt pin

charmatars. [AC L 1, A Line 2, Mavtmal, Prosamity Cortrol Pict, Cormaction
Cortimration].

Fracn
WA - 240WAC - 600 VDS Singe 1o Thoa phose
132 WA - 1926 KW - TEVIE6 KV
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SAE J2954 Taskforce Structure:

A=

OEMI Supplier Co-Chairs INTERNATIONAL

J2954 OEM Advisory J2954 Taskforce Chair
Team Jesse Schneider
Alignment Testing & Magnetic Field UL 2750**/ Bus /HD \ EMC /EMF
Methods & * Validation Interoperability SAE J29519 Charging Co-Chairs:
Communication Co-Chairs: Co-Chairs: Joint Team SAE J2954-2 \ R. Kautz —
Co-Chairs: M. Abdul-Hak — . Teerlinck — = Co-Chairs: Ford
D. Burkett— Daimler Toyota J. Bablo — N. VégStEdt — R. Sutton —
Ford Jon Sirota — G. Covic — =k SCANIA TDK
P;.Uiga!:— Witricity Ugive;?itydof El:dTaha — M. Masquelier _// R. Boyer —
itricity ucklan iIssan WAVE Delphi

Liaisons:

ISO**/IEC : J. Sirota (Witricity)/ |I. Teerlinck (Toyota)

SAE EMC Committee: R. Kautz (Ford) / R.Boyer (Delphi)
AAMI/ ANSI/CISPR: R. Boyer (Delphi) / Sutton (TDK RF)
FCC/FDA: Schneider/ Kautz / Sutton / Boyer

*In Coordination with ISO & SAE Hybrid Communications & DSRC Committees
**SAE J2954 MOU with UL established. ISO MOU under discussion.

SAE INTERNATIONAL SAE J2954 Status fur CARB-CEC, (C), SAE International



Event Notification | Real-Time SOC & Consumption

Data Monitoring: 50C Max/Min
v' Real-Time SOC :
v kWh Capacity (Range) 7
v Real-Time Consumption  ®
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v Battery Depth of Discharge & 1
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Event Notification:

v SOC Drops below Threshold
v Can’t Make it Back to Depot
v Driver Differences

v Battery Capacity Fade
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Energy Storage Balance | A Juggling Act
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Secondary Power Electronics:
converts recaving pad output
10 charge battary
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Technology Costs | Wireless vs. Wired

= |nductive vs. Conductive

= Case Study:
- Connection Time
- Cable Damage
- Connector Failures

= Cable Theft
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Wireless Depot Charging | No More Plugs
No Plugs Charge Smart
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» Convenience of in-route wireless charging at the depot « Eliminates need for multiple on-board chargers

« 50-250kW per bus * Intelligent charging levels utility loads to reduce peak
* No connectors or cables to maintain, no HVYDC to handle. demand

« One Depot Charger can serve up to 12 buses « Just in time charging maximizes battery life

* Adjustable loading to avoid paying peak electricity rates
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Interoperability | Shared Charging Infrastructure




