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Electrified Bus Transportation | WAVE Solutions

= E=iT
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

a " Im

Expensive &

Limited Range & Anxiety Ugly & Unsafe Heavy Batteries Impractical
WAVE * |In-Route Wireless * Low Profile « (Carry Less * No Hulking Wires
Solution Charging * |nvisible » Reduces Vehicle * Never Plug In

» (Charge at Stops nfrastructure Weight » Automated

* Double the Range « Hide It Underground « Improves Efficiency
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Opportunity Charging | Range Extension
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EV vs. EVwith WAVE en route charging
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“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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Commercial Deployments | In-Service

 Single charging station with
1 full size EV configuration
« First 50-kW deployment

n UTA =
UNIVERSITY
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AST  Trolley-style electric bus
&»“ ’L st » Operating since May 2015
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« Single charging station with 2 <"
40-ft pure electric ZEPS buses |8

e Operating since December 4
2015 »




Commercial Deployments | In-Service

« 2 Charging Stations
« 2 electric 40-ft BYD buses

« 1 Charging Station
« 4 electric Gillig buses
« Complete OEM integration

« 1-2 Charging Stations
« 10 electric 40-ft BYD buses |
» Passport Route in Long Beach
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Commercial Deployments | In-Progress

¢ 250-kW
« 11-15 Charging Stations
o 44 electric 40-ft BYD buses

e 1-2 Charging Stations
« 4-5 electric Gillig buses
 Route #5 in Walnut Creek CA M
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1. Challenges | Construction & Permitting
‘*YL. ‘- TF . =

= Permits

= Public Right-of-Way.
= [iIming & Schedule
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Charger Installation | Permits & Right-of-Way

= Civil Engineering

= City Planners

* [ransit Agencies

= Drawings, Permits & Construction
= AHJS

= The Dig
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Charger Installation | Electric Utilities & Schedule

= Electric Utilities

= PG&E Improvements

= 480V, 3-phase Avallability
= Aesthetics

= Additional Testing
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2. Addressing Safety | Perception vs. Reality

~- B2
= Magnetic Fleld Exposure —
| = |

» Underwriters Laboratories (UL .,'-
® & .

= Standards - Do Not Yet Exist

= Public Perception
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Wireless | Freaky & Scary?

T 7 Itisabit freaky with this

( wireleoo technology
» 2 ) f
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Addressing Safety | Magnetic Field Exposure

= Magnetic Field Exposure
- ICNIRP, [SO/ANSI, IEEE?

= 3r9-Party Testing
= AHJs — Variablility in Expectations
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Addressing Safety | UL Field Certitication

LLLLLLILI LY ?
= SAE Standards Do Not Yet Exist \\\\‘\\\\\
= UL2750 Draft — Work in Progress %" & gl

= How to Certify Without a Standard?
= AHJs — Different Views

11. \ Underwriters
\ " =/ Laboratories Inc..
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3. Driver HMI Design | Just the Facts

Right Information at the Right Time
Minimize Driver Distraction
Status Indication

Driver Differences
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WAVE Wireless Charging | Metro McAllen TX
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WAVE Driver HMI | Normal Charging Flow

Normal Charging Flow

Driver HMI Functionality: Driver-Notification:

K.LS.S.
Am | Charging?

Just the Facts Ma'm
Can | Make it Home?

Alignment Status

Charging Status
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WAVE Driver HMI | Charge Error Handling

Charge Error = System encounters an error during charge

Driver HMI Functionality: Driver-Notification:

System Status Charging
When Can | Leave?
System Errors

What Do | Do Now?

System Errors

Error Codes

Maintenance

WAVE
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4. Cloud-Based Data | Event Notification

= EFvent Notifications

= Real-Time State-of-Charge (SOC) ey

= Real-Time Consumption

= Driver Differences




Event Notification | Real-Time Range Extension

Data Monitoring: Event Notification:

v Range Extensior

v Real-Time Charge Minutes
v Incur Demand Charges?
— == v Driver Differences
all
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v' Real-Time kWh/day 1
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Event Notification | Real-Time SOC & Consumption

Data Monitoring: SOC Max/Min Event Notification:

v Real-Time SOC '}: i"? v SOC Drops below Threshold
.« 0
it e Ty

v kWh Capacity (Range) v Can’t Make it Back to Depot
v Battery Depth of Discharge & . | v’ Battery Capacity Fade

A

bl

v Real-Time Consumption v' Driver Differences
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5. WPT Technology Costs | New Lesson #1

= |nductive vs. Conductive

= Case Study:

- Connection Time
- Cable Damage
- Connector Failures

= Cable Theft
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The Plug-In Nightmarel!!! | Can Wireless Charging Avoid This?

Plug-In /-0 = EV World
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WPT Technology Costs | Maintenance & Productivity

Wireless Charging Benefits

- Operators Don’t want to Plug In
- Union Disputes

Increased Operator Safety

- No Handling of Volatile Fuels
- No High Voltage Handling Issues

Reduced Operational Costs

- Lower Energy Costs
- Reduced Maintenance
- Higher Productivity

Higher Productivity

- Less Vehicle Downtime
- Reduced Refueling Time by Eliminating Wired Charger




= Employing the Proper Balance:

6. Minimize Grid Impacts | New Lesson #2

- On-board battery storage

- S

- |r

ationary storage

-Route (opportunity) Charging

= Minimize Grid Impacts
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Energy Storage Balance | A Juggling Act

i - Store |t
>
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One Part of Solution | Increa
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25-30 Miles of Range
Per Hour of Charge

100

2{0[0
Range

———

125-150 Miles of Range
Per Hour of Charge

300

Extension (miles)

sed [P Power Leve

400
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Utah State University SELECT | In-Motion IPT




The Future of Transportation

= Wireless Power
» Shared Infrastructure |
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Mobile Apps

= \/Isualization

Data Analytics

=  Automated Routing
= Power Distribution
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Cleaner air to breathe . ..




