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Fast charging is critical for Long-haul BET

• Charging prices must be low

• Availability must be high

• Low risk for charging queues

How can we predict these?



Who decides what?
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Aggregate Market Model
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Example of a aggregate market model

and how to use it.



Demand

Arriving & depart. veh.  [No/h]  
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Simultaneous charging veh. [No]

Assumption:
• 30 min charging time (may vary over the day)

Black curve: Demand for number of charging points
Multiply it by average charging power/vehicle    Power demand



Cost for offering charging capacity

Grid investment + Grid fees + Charger investment + Cost for operation 

Normalize  - per installed kW of charger capacity  - per year

 117 EUR/kW/yr (Swedish cost level)

(Energy cost modelled separately as it is not influenced by the CPO)



Cost per kWh – excl. energy price

Cost

kWh
= =

0.013 EUR/kWh

Energy Utilization

Station capacity × 117 EUR/kW/yr

Annual Energy Charged



Demand and Station capacity
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Determining queues from demand curve
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4 hours with queues

12 vehicles
in queue

Note: Assumes no flexibility - all will stay in the queue
This is an unlikely worst case



Average cost for avoiding queues

Not expensive .... but, will all customers pay for the peak capacity?
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Capacity increase 
to avoid queue

Station capacity increased by  3 MW
Energy Utilization drops from 47% to 35%*

 Average cost only increases by 0.011 EUR/kWh (from 0.028 to 0.037)   

*) compensated for variation between days.

Everyone pays the same price



Marginal cost for avoiding queues
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Cost paid by increased price under the peak hours

Capacity increased by  3 MW
Only paid by W1 + W2

 Cost increase during peak is 0.098 EUR/kWh
More expensive since fewer share the cost!  

The narrower, higher, and less frequent the peak, the more expensive.
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Marginal cost for avoiding queues
If charging station attracts customers in proportion to its capacity, the whole day.

Base capacity 4.5 MW: paid by W4  35%* utilization    0.037 EUR/kWh 
Capacity increase 3 MW:  paid by W3  35%* utilization    0.037 EUR/kWh 

I.e. additional capacity is just as profitable as base capacity. (until peak demand is met)

Conclusion:  Building capacity to meet peak demand may not be so expensive.
The question is if the cost will be shared by few or many customers. 

*) compensated for variation between days.



Summary

• Demand can be expressed as 
Number of simultaneously charging vehicles

and    Aggregate power demand

• Charging cost per kWh can easily be determined

• Worst case queues, and the cost to avoid them, can be determined.

• ... and many more things.

So far, the time variation in charging price is not analysed, but
average charger cost and cost to avoid queues looks promisingly low.

A simple aggregate model can help explain the charging market.
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Time variation in trucks with trailer 

From: Karlsson, J.; Grauers, A. Agent-Based Investigation of Charger Queues and Utilization of Public Chargers for Electric Long-Haul Trucks. 
Energies 2023, 16, 4704. https://doi.org/10.3390/en16124704  

Average (this day)

Peak (this day)

Average (this day)

Peak (this day)

Rather high energy utilization (>20%) seems possible.



What demand curve is preferred?
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Much less total
Queue time
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1h 45 min with queues

6 vehicles
in queue

Even small capacity deficit causes rather much queue

Determining Queues from demand curve
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