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𝒈

𝑰(𝒈)

𝑶(𝒈)

𝑰 𝒈 + 𝑶(𝒈)

𝑴𝒊𝒏 𝑰 𝒈 + 𝑶(𝒈)

►

►

•



►

►

3

►

►



►

►
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𝑧 = 𝑀𝑖𝑛 
𝑗=1

𝐽

𝑐𝑗 × 𝑔𝑗


𝑗=1

𝐽

𝑔𝑗 = 𝑑 𝜋𝑑 ← dual variable

𝑔𝑗 ≤ 𝑔
𝑗

𝜋𝑑

𝑧

𝑑



𝑧 = 𝑀𝑖𝑛 
𝑗=1

𝐽

𝑐𝑗 × 𝑔𝑗


𝑗=1

𝐽

𝑔𝑗 = 𝑑 𝜋𝑑 ← spot price

𝑔𝑗 ≤ 𝑔
𝑗

𝜋𝑔𝑗← capacity marginal cost

► 𝜋𝑔𝑗 𝑧

𝑔
𝑗

►𝜋𝑔𝑗 𝜋𝑑 𝑐𝑗 × 𝑔𝑗

► 𝐼𝑗 𝑔
𝑗

𝜋𝑔𝑗
−𝝅𝒈𝒋

≥ 𝑰𝒋
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►

►
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𝒈

𝑰(𝒈)(𝝅𝒅−𝒄) × 𝒈

𝑴𝒊𝒏 𝑰 𝒈 + 𝑶(𝒈)

Agent 1:maximizes 

“extra” profit Agent 2: Decreases 

profit

Agent N:

Global optimum




𝑗=1

𝐽

𝑐𝑗 × 𝑔𝑗 = 𝜋𝑑 × 𝑑 +
𝑗=1

𝐽

𝜋𝑔𝑗 × 𝑔
𝑗

► 𝑑 σ𝑗=1
𝐽

𝑔𝑗

𝜋𝑑 × (
𝑗=1

𝐽

𝑔𝑗) =
𝑗=1

𝐽

𝑐𝑗 × 𝑔𝑗 −
𝑗=1

𝐽

𝜋𝑔𝑗 × 𝑔
𝑗

► −𝜋𝑔𝑗≥ 𝐼𝑗

𝜋𝑑 × 𝑔𝑗 ≥ 𝑐𝑗𝑔𝑗 + 𝐼𝑗 × 𝑔
𝑗
for 𝑗 = 1,… , 𝐽
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The spot revenue of a generator should cover (or 

exceed) its operation cost plus its investment cost



𝑧 = 𝑀𝑖𝑛 
𝑗=1

𝐽

𝛿𝑗 × 𝑦𝑗 +
𝑗=1

𝐽

𝑐𝑗 × 𝑔𝑗


𝑗=1

𝐽

𝑔𝑗 = 𝑑

𝑔𝑗 − 𝑔
𝑗
× 𝑦𝑗 ≤ 0

𝑔𝑗 − 𝑔𝑗 × 𝑦𝑗 ≥ 0

𝑦𝑗

𝛿𝑗

𝑔𝑗 𝑗
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Differently from the LP formulation, 

there are no dual variables 

associated to the constraints of a 

MIP problem, nor a primal-dual 

equality. Therefore, it becomes 

necessary to create an 

approximation to the spot price



ǁ𝑧 = 𝑀𝑖𝑛 
𝑗=1

𝐽

𝑐𝑗𝑔𝑗


𝑗=1

𝐽

𝑔𝑗 = 𝑑 ← 𝜋𝑑

𝑔𝑗 ≤ 𝑔
𝑗
× 𝑦𝑗

∗ ← 𝜋𝑔𝑗

𝑔𝑗 ≥ 𝑔𝑗 × 𝑦𝑗
∗ ← 𝜋𝑔𝑗

► 𝜋𝑑 × 𝑔𝑗

►
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Objective of this study: how to “close” the duality gap
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The question is then: which approach is “less 

wrong” than the other



►

•

•
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Historically, the Benders decomposition 

scheme required convexity in the 

operation problem O(x).

The recent SDDiP algorithm produces 

optimal Benders cuts for nonconvex 

operation problems (binary decisions x)
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Side payment Spot price

adjustment 

A novel algorithm (based on 

bilevel optimization and 

SDDiP) was conceptually 

designed in this study that can 

obtain the optimal expansion 

for both alternatives



►
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►

►

►

𝛿𝑗+𝑐𝑗×𝑔𝑗

𝑔𝑗
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