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e On/Off status

4 v
EE: ()

» Physics and engineering constraints
g 1

Large-scale Mixed-integer Program
i NP-hard Problem

] X,
XER”,?EI?UJ}W f( } y)
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Unit Commitment

min E CqPg

Ug,Pqg-Gn
gr-g r}EQ
subject to:

qn = Z pg—dn, YneN

geln
Z 4n — 0
neN
u}(? E g S p‘(}’ S u g ﬁ g \V/(] S g

— T; < Z AlnGn < 7[.: vie L
neN

u, € {0,1}, Vgeg

Simplifications:

* Single period. ‘ g_
« DC power flow. /t\ &&

« Known net demand.

e Linear costs. ; g

 No failures. M-

Eliminating Superfluous Transmission Constraints
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State of Art

Machine Learning

Constraint Generation

Optimization | =—»

Bounding
Problem

feasibility
region
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Current Methods

Ve
>
Proposed Approach

“@ .

Legend

@® Optimal Solution.

—— Constraints not affecting the feasible
region.

— Constraints not affecting the
minimization of the objective function.

Constraints with objective function
information.

Current Methods:

» Reduce the original problem
from 10 constraints to 6
constraints.

Proposed Approach:

» Reduce the original problem
from 10 constraints to 4
constraints.




Screening Constraint Method

When f/ is minimized ...

max / min - fie= 3 avad, « If —f; < f; — the constraint can be removed.

Dg.dn .Gn Pg:dn.qn

'NE.N'
subject to:
= py—dn, VMEN When f/ is maximized ...
9€Gn « If f, < f;r— the constraint can be removed.
Z dn — 0
neN .
0<py, <P,. Vg€G Conservative approach
— 9 =Py - . .
T Yt T VIELIAT Non-economical dispatches. .
v Net demands without spatial correlation.
deD
.L. A. Rou!d and DAIK: Molzahn. “Implied Cf)l]slruiln Sat.isfuc'tli(?n Proposal
3015 370 vt AU CURfEToNCE o oS, Cofoh @ Impose a maximum cost to the operation of generators.
and Computing (Allerton), pp. 308-315, 2019. S =
2Cgbg = C
d <d. <d © Net demand as convex combination of observed instances.
Up = Un =~ WUn =

dp = Zan(zn 2an =1
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50 €/MWh 10 €/ MWh
100 MW 100 MW 80 S d S 120 _90 s f1 s 90

l1 (OOMW)
Solution to the Min problem = f; = 0 MW
g1 do g2
n n2 Solution to the Max problem = f; = 100 MW
—f1 < f; is eliminated
max / min fp = Z apnn fl fl
Pg:dn.Gn Pgsdn . Gn o eN — . .
| ne f1 < f; is retained
subject to:
(n = Z pg—dn, Yne~nN _
oS P, =20 MW

> 4n=0 P, =100 MW Cost = 2000 €
neN

0<p, <D,. Vgeg fi =20 MW

- 71. < Z Al n < TIV[ < £[ 7£ I’

neN
. 50-P1+1(1-P2S2000
— —f1 < f; is eliminated
chpggc P1S4O — . ..
9€eG f1 < f1 is eliminated 7




- (| = (max

geqg

chpg <C|J

Aggregate net demand

Piecewise linear function

C"‘ max

Operating Cost

Ql 51 — Qz Do

Quantile regression in each segment

Alvaro Porras Cabrera

Aggregate Net Demand

$%) vs



Comparison A

max / min fp = E QG
Pg-dn.qn  Pg.dn.qn N

subject to:
Methods:

(n = Z Pg — d-”_: Vn € N

9€Gn % BN: Benchmark method.
Z qn =0 s UB: BN + imposing a maximum cost for the
neN operation of the power plants.
0<p,<DP,, Vg€G
_ - _ % CC: Net demand as a convex combination of past
- fz < Z Al Qn < fz.-.w c L, # [ instances.
neN

deD \ UB+CC: CC + the economical information. /
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Case Study

Description of the procedure:

Use historical information on past unit commitment instances

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

~\
¥
It

] W

Solve the reduced unit commitment problem

Fix the binary commitment decisions

[ All methods obtain the same optimal solution as the original Unit Commitment
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Case Study

&
5
5

o

/ Res

ults:

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.

~

DO

[ 2000 bus-system

8640 hours of past unit commitment instances
e 7200 hours as training set
« 1440 hours as test set

BN

UB CC UB+CC

Retained constraints (%) 33.8
Computational burden (%)  50.7

33.0 249 18.9
487 354 22.5
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Conclusions

/\/We screen out constraints not affecting both D

feasibility region and the minimization of the objective
function.

v' Our proposal gets a reduction in terms of retained
constraints and computational burden by 15% and 28%,
respectively.

v" We reduce the computational time of the original Unit

K Commitment problem up to 77.5%. /

Preprint available
https://arxiv.org/abs/2104.05746
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