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Background

The NSW Government will set a target 

to electrify its passenger vehicle fleet 

of 12,000 cars by 2030, which will 

significantly reduce CO2 emissions.

1: https://www.nsw.gov.au/driving-boating-and-transport/nsw-governments-electric-vehicle-strategy

2: https://electricvehiclecouncil.com.au/wp-content/uploads/2023/07/State-of-EVs_July-2023_.pdf

https://www.nsw.gov.au/driving-boating-and-transport/nsw-governments-electric-vehicle-strategy
https://electricvehiclecouncil.com.au/wp-content/uploads/2023/07/State-of-EVs_July-2023_.pdf


Background

https://www.transport.nsw.gov.au/projects/electric-vehicles/charging-an-electric-vehicle

Multi-type vehicles

Time-of-use 
electricity tariffs

Limited power 
grid capacity

Multi-type chargers

https://www.transport.nsw.gov.au/projects/electric-vehicles/charging-an-electric-vehicle


Problem description
Deployment of  chargers and charging scheduling
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Charging supply block=Number of chargers × time duration (1h) × charging rate

Electric vehicle with low usage

Charging activity assignment

Electric vehicle with high usage

1 2 3 4 5 6 7 8 9 10 11

12:00 13:00 21:00 22:00 23:00 24:00

7

1

9:00 10:00

10

Example of 
charging activities
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Problem description
Assumptions

 Only a portion of electric vehicles will return to sites for top-up charging (e.g., no driving activity in the 

afternoon) during daily operation

 Each electric vehicle can only return to sites for top-up charging with limited times, such as 1-2 times a day

 A charging cycle is defined based on a certain period (e.g., one week or longer) rather than one day

 The energy consumption curve during a day is linear with time

Battery capacity

Battery level

Time

Daily travel distance

Battery level during 24hours

Charging demand

08:00 am 18:00 pm 08:00 am



Mathematical model
Mixed-integer linear programming
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• Vehicles related info: vehicle type, historical driving distance, battery capacity, charger 
adaptability, etc.

• Chargers related info: acquisition cost, maintenance cost, installation cost, charging 
rate , etc.

• Backbone site related information: power grid, backbone upgrade cost and so on

Number of chargers and types of chargers
Cost component, including charger related cost,  backbone upgrade cost , and 
charging cost
Charging scheduling

Optimisation 
Model

Input

Output

Objective: minimise the total cost, including charger related cost (installation cost, 

purchasing cost and maintenance cost) + site backbone upgrade cost + charging cost

Constraints: satisfying charging demand 

• Maximum power grid limitation 

• State-of-charge (SOC) within certain battery levels 

• Flexible charging (e.g., daytime top-up charging, overnight recharging) 

• Time-varying electricity price at peak hours, non-peak hours and overnight 

• Heterogeneous charging demand for different vehicle types at different time 

periods
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Solution algorithm
Benders decomposition

Find initial solution and calculate 

the upper bound

Generate the maximum backbone 

capacity 𝑢𝑚𝑎𝑥

Optimality gap 

is reached or 

𝑢𝑚𝑎𝑥=0?

Generate the maximum possible 

charger type ҧ𝑜

Generate feasible solution with a 

single charger type and 𝑢𝑚𝑎𝑥

Initial solution 

is not feasible 

with 𝑢𝑚𝑎𝑥?

Solve the problem with single 

charger type ҧ𝑜 and 𝑢𝑚𝑎𝑥

Solve the original formulation with 

𝑢𝑚𝑎𝑥
𝑢𝑚𝑎𝑥 = 𝑢max − 1

Update lower bound on charging 

cost and upper bound of objective

Benders 

decomposition

End
Yes

No
No

Yes
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Basic parameters

Charger price and services cost

Annual driving distance and 

corresponding number of vehicles
Vehicle types and corresponding specifications

Provided by NSW treasury 
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Numerical experiments
Efficiency of  proposed method

The proposed method outperformed commercial solver, Gurobi on both small and large-scale 

instances regarding the computational time

Comparison of computational time between the proposed method and Gurobi
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Numerical experiments
Efficiency of  proposed method

The proposed method outperformed 

commercial solver, Gurobi on both 

small and large-scale instances 

regarding the quality of solution
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Numerical experiments
Cost breakdown and Components of  installed chargers

Components of installed chargersCost breakdown

Charging cost is the majority, accounting for more than 81%. 

The main chargers are 7.7kW AC charger and no fast DC charger is needed.
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Numerical experiments
An example of  the output power of  chargers and power grid load at a site

Three types of chargers are in high usage during the morning and overnight periods. No charging activity 

occurs between peak hours (from 14 pm to 20pm) each day due to peak-hours electricity prices
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Numerical experiments
An example of  charging activities

When the daily energy consumption ranges from 4 to 21kWh, both the frequency of overnight charging and the 

charging power during overnight increases gradually.
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Conclusion andfuture work

The proposed method outperformed the Gurobi in both finding better solutions 

and saving computational time.

Stochastic energy consumption and charging demand of electric vehicles should be 

taken into account

The joint optimisation problem of deployment of chargers and charging scheduling 

at a backbone site was investigated

Multiple practical considerations was considered, such as time-varying electricity, 

power grid limitation and electric vehicles' adaptability to different chargers 



Thank you !


