Trending to Zero: Battery Electric Buses in Public Transit
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Incumbent Technologies

* Diesel
« CNG
* Diesel-hybrid




Foothill Transit Ecoliner Program History

2009 "’}

$6.5 million ARRA

Ecoliner Program

$10.2M TIGGER 2
award for |2 buses

2015 »

Orders placed for 2
fast-charge and 13
extended range buses

2011 ’:

-

award to launch :‘ 20 I o

First three buses
deployed

2014

|2 electric buses
deployed on
Line 291; fully
electrified
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Charging Profile

* | in-route fast-charge station

Two 500 Kw overhead chargers

79,000 charge cycles to-date

|0-90% state of charge in under 10 minutes




Fast Charge Process

BUS AND CHARGER
ENTER IDENTIFICATION
AND COMMUNICATION

STAGE

ASSISTED AUTOMATIC
DOCKING PROVIDES
A SIMPLE, SAFE

WAY FOR BUS OPERATORS

TO CHARGE

13

CHARGES IN AS

LITTLE AS
5 MINUTES
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CHARGER
EQUIPMENT:

CAN BE INDOOR OR OUTDOOR




Ecoliner Program Benefits

Reliability comparable to CNG
7 S PM is cheaper, no oil or
! A ‘ y "k
LTl o o consumables
il @ —— 2006 wm A .
' Less noise
Fewer parts
Zero tailpipe emissions




Ecoliner Program Challenges

Upfront capital cost

* Lessened with grant

Demand charges

* 35% of Foothill Transit’s bill is
demand charges

“Bus” issues (doors, window)

* vs.charging technology
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Fuel price $0.18/kWh $0.93/gal $3.00/gal
MPG 2.16 kWh/mi 4.04 MPG 4.25 MPG
$/mi $0.38/mi $0.23/mi $0.7 | /mi
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US Battery- Electric Bus Manufacturers

Complete
Coach
Works

Nova Bus
(Volvo)




Electric Buses in Urban Areas

Seattle, WA
Réno, NV
Boston, MA

San Antonio, TX
Dallas, TX
Tallahassee, FL
Louisville, KY
Nashville, TN

/

Chicago, IL

New: York City,®Y
Philadelphia, PA
Portland, OR

- Washington, DC

Los Angeles, CA
Portland; OR
Long Beach, CA




Market Penetration

TABLE 18
U.S. VEHICLES BY POWER SOURCE
(ACTIVE, BUILT IN 2015, ORDERED, POTENTIAL ORDERS)

Ordered vehicles include vehicles currently under contract.

Potential vehicle may not total to 100% as some potential orders have not specified power source at this time.

Power Source Active Yo Built in 2015 Y Ordered % Potential %
Bus I
Biodiesel 2,631 7.5% 93 4.4% 92 3.6% 68 2.0%
Compressed Natural Gas 31.2%

Diesel & Elec Battery (Hybrid) 13.5%

Gasoline 434 1.2% 61 29% 35 1.4% 11 0.3%
On ol 1s 2 locrter: 1 4+ L 40C N ASL 0 faWal-T4 o D Nos 0 laWal-Yi
1 (1)
order || | Diesel Fuel 44.7%
Liquified natural gas & diesel 7 0.0% o 0.0% 0 0.0% o 0.0%
Propane & gasoline B 0.0% o 0.0% 0 0.0% o 0.0%
Propane (liquified petrcleum gas) 42 0.1% 16 0.8% 31 1.2% 0 0.0%
1 (1)
Electric Battery 1.3%
| BUS KApia 1rarnsit I
Compressed natural gas 8 4 3% 2 100.0% 0 0.0% 0o 0.0%
Diesel and electric battery (Hybrid) 26 14.0% (0] 0.0% 10 100.0% (0] 0.0%
Diesel fuel 152 81.7% (0] 0.0% 0 0.0% (0] 0.0%
TOTAL 186 2 10 0




Projected Growth

Exhibit 9-19 Hybrid and Alternative Fuel Vehicles: Share of Total Bus Fleet, 2000-2030
100% 7 1

= Hybrid and Electric s
80% - : _—

BCNG and Other Altemative Fuel ——

60% 1

40% 4

20% -

0%
2000 2005 2010 2015 2020 2025 2030

Source; Transit Economic Requirements Model




Houston METRO Services




METRO Electric Bus Demo Goals

* Test reliability and durability in METRO
operations

* Test HVAC operation in simulated Houston
climate

* Compare performance to other fleets (CNG,
hybrid, diesel)

* Gain feedback from customers, operators, and
mechanics
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Performance Summary

Miles driven 6,094 4 Diesel fuel saved = h
2 passenger vehicles driven
Average fuel economy (MPGe) 17.6  \_ for | year J

Average charge time (minutes) |

Daily run time (hours) 20.2

Greenhouse Gas emissions 37,800
prevented (pounds)

Diesel fuel saved (gallons) 1,500




Bus & Charger Performance
Ride height de-bondec

* Prototype, mobile charger

* Overhead charge arm—bleed down

* Longer than normal charge times
Overall: Bugs with mobile charger

Air compressor
smoked

Battery pack leak

Overall: Fair/good
performance
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HVAC Test

[ Test ]

* Simulation in Fallbrook paint booth
* Chamber heated to | |OF
* “Houston Pull Down”
* |IOF to 72 +/- 3F in 30 minutes
* More stringent than APTA standard

[ Outcome ]

e Pulled down from | IOF to 90F in 30 minutes
* Did not meet Houston standard

* Designed with a 28KW peak output HVAC unit
* Proterra working to meet in the future




Customer Feedback

Internal More The Same Less
=g szt lcer . comfortable comfortable

72% 27% 1%
Internal More The Same Less
Temperature comfortable comfortable

72% 27% 1%

Ride Smoother The Same Less smooth
smoothness

77% 21% 1%




Fast-Charge Electric Bus Summary

* Technology is * Not compatible
commercially with all routes
available * High electricity

 All day costs
operation * Portable

* No range limits charger (demo

only)




Next Steps for Houston METRO




Contact Information

Lauren Cochran
Director of Innovation

Houston METRO
Lauren.Cochran@ridemetro.org




