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Introduction
The issue: global warming.
@ Carbon dioxide emission is the predominant cause of global warming.
@ The average terrestrial temperature already increased by 1 Celsius degree.

© An increase above 1.5 Celsius degrees can have a dire impact on society.
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Battery Electric Bus (BEB) is an attractive solution to public transp.

@ It produces zero tailpipe greenhouse gas emission.
@ lts fuel cost is around 40% cheaper than a similar-sized bus.

© lIts noise level is lower, and it has fewer moving parts and maintenance needs.
v
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@ lts fuel cost is around 40% cheaper than a similar-sized bus.

© Its noise level is lower, and it has fewer moving parts and maintenance needs.

v

The challenge: the travel range and the fuel supply technology.

@ |Infra-structure choice such as type of BEB, charger technology and location.

© Efficient management of the bus schedule and charging times.

v
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Case-study: MARTA

Bellow we have the bus demand and bus
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Case-study: MARTA

Bellow we have the bus demand and bus routes for the city of Atlanta.

Total buses during 24 hours
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Data and parameters
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GTFS. The BEB parameters and cost are obtained from technical reports.
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Problem formulation
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(Initial facility constraints)
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Problem formulation
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Theorem: The Electrical Bus Fleet (EBF) problem is NP-hard
The Uncapacitated Facility Location problem can be polynomially reduced to the EBF problem. J
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Problem formulation: the operational part

Go(x,x,y,m, M, A) = min (charging costs) + (bus operating costs) + (penalties) (6)
s.t. (Bus demand constraint) (7)
(Depot charging capacity) (8)
(On-route charging capacity) (9)
(Number of Depot BEB) (10)
(Number of On-route BEB) (11)
(Number of Conventional buses) (12)
(Depot state transition eq.) (13)
(On-route state transition eq.) (14)
(Conventional buses state transition eq.) (15)
(Policy constraints) (16)
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Single-period instance.

Computational time is 10 minutes with an optimality gap of 2.67%. J
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General features
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Depot dynamics

Total depot working buses -- Policy 4

Total depot charging buses -- Policy 4
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On-route dynamics
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Multi-periodic case
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Greedy heuristic

Result for 6 investment periods:

Opt. gap (%) | time (min)
Atlanta 6.23 67
Detroit 7.11 25
LasVegas 9.83 29

Table: Greedy algorithm run time and optimality gap.
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Thank y0u!

Questions?
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