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Problem Formulation

Hierarchical FormulationStochastic FormulationDeterministic Formulation

• Uncertainty is disregarded.

• Optimal for expected values.

• Computationally tractable.

• Uncertainty using 

scenarios.

• Optimal on average.

• Number of scenarios.

• Uncertainty using a few 

intuitive parameters.

• Robust against adverse 

situations.

• Scalability.
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Deterministic Formulation

• 𝜆𝑡 are expected values → መ𝜆𝑡
• 𝛼𝑣,𝑡 are expected values → ො𝛼𝑣,𝑡

(𝑐𝑣,𝑡, 𝑑𝑣,𝑡, 𝑠𝑣,𝑡, 𝑐𝑣,𝑡
𝐷 ) ∈ Φ( ො𝛼𝑣,𝑡, Ƹ𝜏𝑣,𝑡)

Problem Formulation
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Problem Formulation

Deterministic Formulation

Average of all profiles

Stochastic Formulation

Each profile is a scenario 

ො𝛼𝑣,19 = 0,5

𝑆1

𝑆2

𝑆3

𝑆4
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Problem Formulation

Hierarchical Formulation

Stochastic Formulation

Deterministic Formulation

• Optimal on average.

• Number of scenarios.

• Uncertainty is disregarded.

• Optimal for expected values.
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Problem Formulation

• Characterization of the uncertainty in EV availability using a parameter set:

Θ𝑣 = 𝐾𝑣, 𝛼𝑣,𝑡 , 𝛼𝑣,𝑡
• Now, 𝛼𝑣,𝑡 are variables that depend on an uncertainty set:

෍

𝑡∈T

𝛼𝑣,𝑡 ≥ 𝐾𝑣, ∀𝑡 ∈ 𝒯, 𝑣 ∈ 𝒱

𝛼𝑣,𝑡 ≤ 𝛼𝑣,𝑡 ≤ 𝛼𝑣,𝑡 , ∀𝑡 ∈ 𝒯, 𝑣 ∈ 𝒱

𝛼𝑣,𝑡 ∈ {0,1}, ∀𝑡 ∈ 𝒯, 𝑣 ∈ 𝒱

Proposed Approach
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Problem Formulation
𝐾𝑣

Available Periods → 18

Available Periods → 13

Available Periods → 14 

Available Periods → 11

𝐾𝑣 = 12
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Problem Formulation
𝛼𝑣,𝑡 , 𝛼𝑣,𝑡

𝛼𝑣,𝑡 = 1

𝛼𝑣,𝑡 = 0
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Hierarchical FormulationProblem Formulation

Upper-level problem 

(Profit-maximizer aggregator’s decisions)

Lower level 𝚲𝒗
(Worst-case in terms of 

battery draining)

Lower level 𝚼𝒗
(Worst-case in terms of 

energy exchange with the 

market)

𝑐𝑣,𝑡, 𝑑𝑣,𝑡 𝑐𝑣,𝑡, 𝑑𝑣,𝑡𝜓𝑣
𝑤𝑐

𝛼𝑣,𝑡

UL

LL1

LL2
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Hierarchical Formulation

Problem Formulation

Energy required for transportation

Total net energy injections into the EV-battery

Availability profiles
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Lower level Problems Determining the Sets Λ𝑣

Problem Formulation

Lower level Problems Determining the Sets Υ𝑣
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Methodology

• Non-convex.

• KKT conditions

not applicable.

• Convex.

• KKT conditions

applicable.
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Methodology

Matrix Totally Unimodular

Integer

Optimal solution takes integer values
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Methodology

Dual feasibility constraints

Dual objective function

• Primal feasibility constraints.

• Dual feasibility constraints.

• The equality corresponding to the strong

duality condition.

The original hierarchical program can be transformed

into a single-level equivalent as follows:
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Case Study

Base Case

DF and SF compared to HF:

• Total cost decreases by 21.0% and 6.2%.

• Energy deviations from EV-batteries increase

by 157.5% and 17.5%.

• Deviations from the minimum value of the

energy sold increase up to 13.4 and 1.2 MWh.

Metric DF SF HF

Total Cost (€) 2.282,4 2.708,4 2.888,4

Total energy bought (MW) 162.2 155.1 114.2

Total energy sold (MW) 96.5 83.1 47.7

Deviations from energy balance of EV’s battery (MW) 10,3 4,7 4,0

Deviations from the minimum value of energy sold (MW) 13,4 1,2 0,4• 120 days of simulation.

• 100 EVs.
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Conclusion

• EV’s aggregator market participation model:

• simple, effective and efficient.

• Reduction of deviations from the energy balance of EV

batteries.

• Reductions come at the expense of increasing the total

trading costs in the day-ahead market.

• The computational speed of the proposed model is up to

25% faster than its stochastic counterpart.
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