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Bus Transit In Canada

e |n Canada, bus Transit deliver services:

to 23,513,227 Residents

through 15,494 Buses

e that operate for 54,839,806 Hours

e provide 2,068,590,109 Passenger Trips

e and travel 19,705,354,202 Passenger VKT

* Using 5,180 Routes,

e Via 185 Transit Providers,

* Almost 0% Market Share for Fully Electric Buses
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Bust Transit Networks
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Bus Transit In Canada

Interlining operation
Group 5

Interlining operation
Group 4

Interlining & Fixed operation
Group 3

Fixed Routes
Groups2 & 1
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Research Focus

* Investigate the operational feasibility of three electric
concepts (overnight, opportunity, and flash)

e Use real-world data: full-network analysis, current timetables,
and maintain fleet size

e Use current technology and ALTONA tested buses (e.g. BYD,
NewFlyer, Proterra)

* Focus on small cities and fixed-route operation (42% of bus
operators)

Source: Mohamed et. al, (2017) Simulation of electric buses on a full transit network: Operational feasibility and
grid impact analysis, Electric Power Systems Research, 142, 163—-175

P i McMaster
i & LOGISTICS University f%?%‘g‘



Scenario Name

Flash Electric Bus

Model Specification

Opportunity

Overnight Electric Bus

Electric Bus

Scenario ID 1-A 1-B 2-A 3-A 3-B
Manufacture Proterra Proterra New Flyer BYD BYD
Model Catalyst Catalyst XE40 40-Electric 40-Electric
Length (ft.) 40 40 40 40 40
Seating (#) 41 41 39 36 36
Battery Capacity (kWh) 80 80 200 324 324
Charging Power (Kw) 500 250 250 80 200
Range (Km) 70 70 128 257.5 257.5
(EI?;L“;/VK;")"s"mpth“ 1.05 1.05 1.34 1.33 1.33
Charging Rate (Kw/min) 8.33 4.17 4.17 1.33 3.33
Time to full charge (min) 9.60 19.20 48.00 243.00 97.20
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Operation Constraints

ﬁ

Fixed fleet size

Satisfy timetable

Minimum number of

chargers

Using currently available

technology
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Simulation Model
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Simulation of Belleville Transit

>

[
Charger data Bus data Time
Charger 1 Bus 1 Bus 2 Bus 3 Bus 6 Bus 7 Bus 9 Bus 10 Bus 11
70.3687 704127 AM

Charger 2 0 o 5 @4

*inps 0 1]
Charger 3 T Fay 1.55 1.512
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E-Transit Feasibility

Proterra Proterra New Flyer BYD
1-A 1-B 2-A 3-A 3-B

Attribute \ Scenario

Number of trips

Number of buses 11 11 11

Charger Power (Kw) 500 250 250 80 200
Number of chargers 3 3 2
Number of charging events 87 13 13

Average charging events per bus
(min-max)

Charging event average duration
(min)

7.9 (2-13) 13.7 (2-24) 1(13-13) 1(13-13)

198.46 80.77

Chargers’ utilization time (h)

Average utilization time per charger
(h)

Peak power demand (Kw)

14.33 8.75

240 400
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Charging Profile
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Energy Demand
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Scenario 1-A; Flash Electric (3"500kw) chargers

Scenario 1-B: Flash Electric (5*250kw) chargers
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Scenario 2-A: Opportunity Electric (5*250kw) chargers
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Scenario 3-B: Overnight Electric (2°200kw) chargers
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Scenario 3-A: Overnight Electric (3*80kw) chargers
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Utility Impacts — Transformer
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Utility Impacts — Voltage
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Research Findings

 Predominantly, energy demand and the charging behavior of
each BEB configuration were very distinct.

e QOverall, flash electric bus coupled with fast-charging technology
is shown to offer superior operation compared to other
configurations.

* From utility perspective, operating flash and opportunity
electric buses require a service transformer of a size 5-6 times
that required from overnight operation.

* Taken together, operational feasibility simulation and grid
impact models generate contradictory recommendations.
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Next Step

Several Unanswered Questions?

 What is the optimum E-Bus configuration (battery size, charger
capacity, and number of chargers)?

e What is the impact of a utility-constraint model on transit
operation?
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E-Transit System Optimization with Utility

Valley Filling
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E-Transit System Optimization with Utility
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