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• On/Off status

• Production level

• Physics and engineering constraints

Large-scale Mixed-integer Program

NP-hard Problem
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Unit Commitment
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Eliminating Superfluous Transmission Constraints

Unit Commitment

Simplifications:

• Single period.

• DC power flow.

• Known net demand.

• Linear costs.

• No failures.



Constraint Generation

Machine Learning

Optimization
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Bounding

Problem

State of Art

feasibility 

region
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Current Methods

Proposed Approach

Optimal Solution.

Constraints not affecting the feasible

region.

Constraints not affecting the

minimization of the objective function.

Constraints with objective function

information.

Legend

Current Methods:

➢ Reduce the original problem

from 10 constraints to 6

constraints.

Proposed Approach:

➢ Reduce the original problem

from 10 constraints to 4

constraints.
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Screening Constraint Method

When 𝑓𝑙′ is minimized …

• If    −𝑓𝑙′ ≤ 𝑓𝑙′ → the constraint can be removed.

When 𝑓𝑙′ is maximized …

• If       𝑓𝑙′ ≤ 𝑓𝑙′ → the constraint can be removed.

Conservative approach

• Non-economical dispatches.

• Net demands without spatial correlation.

Proposal
• Impose a maximum cost to the operation of generators.

∑𝑐𝑔𝑝𝑔 ≤ ҧ𝐶

• Net demand as convex combination of observed instances.

𝑑𝑛 = ∑𝛼𝑛 መ𝑑𝑛 ∑𝛼𝑛 = 1



Solution to the Min problem→ 𝑓1 = 0𝑀𝑊

𝑃1 = 20 𝑀𝑊

𝑃2 = 100 𝑀𝑊

𝑓1 = 20 𝑀𝑊

𝑓1 ≤ ഥ𝑓1 is retained

Solution to the Max problem→ 𝑓1 = 100 𝑀𝑊

−ഥ𝑓1 ≤ 𝑓1 is eliminated

𝐶𝑜𝑠𝑡 = 2000 €

50 · 𝑃1 + 10 · 𝑃2 ≤ 2000

𝑃1 ≤ 40

7
𝑓1 ≤ ഥ𝑓1 is eliminated

−ഥ𝑓1 ≤ 𝑓1 is eliminated
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Aggregate net demand

Piecewise linear function 

Quantile regression in each segment

Modeling

VS
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Comparison

Methods:

❖ BN: Benchmark method.

❖ UB: BN + imposing a maximum cost for the

operation of the power plants.

❖ CC: Net demand as a convex combination of past

instances.

❖ UB+CC: CC + the economical information.



Case Study

Use historical information on past unit commitment instances

Determine the set of line capacity constraints that can be removed from the original UC problem

Description of the procedure:

1

Solve the reduced unit commitment problem

Fix the binary commitment decisions

2

3

4
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All methods obtain the same optimal solution as the original Unit Commitment



Case Study

2000 bus-system
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8640 hours of past unit commitment instances 

• 7200 hours as training set

• 1440 hours as test set

Results:

• UB does not achieve significant results due to spatial

correlations of net nodal demands.

• CC gets a meaningful reduction with respect to previous

methods.

• UC+CC achieves significant results decreasing the retained

constraints and the computation burden by 15% and 28%,

respectively.



Conclusions
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Preprint available

https://arxiv.org/abs/2104.05746

✓ We screen out constraints not affecting both the

feasibility region and the minimization of the objective

function.

✓ Our proposal gets a reduction in terms of retained

constraints and computational burden by 15% and 28%,

respectively.

✓ We reduce the computational time of the original Unit

Commitment problem up to 77.5%.
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