Optimization in modern power systems

Lecture 9: QP DC-OPF
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The Goals for Today!
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e Mid-term Feedback

e Review of Day 8

e Questions and Clarifications on Assignments
e Example: Dual of DC-OPF

e Quadratic Programming and DC-OPF

e Active Power Losses in AC-OPF

e N-1 security criterion (if there is time)
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Reviewing Day 8 in Groups!

e For 10 minutes discuss with the
person sitting next to you about:

e Three main points we discussed
in yesterday's lecture

¢ One topic or concept that is not
so clear to you and you would
like to hear again about it
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Points you would like to discuss?

Questions about the Assignments?
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Question:

What is the dual of the DC-OPF?

Il’liIl ClpGl + CQPGQ
subject to:
2 B0 = Pg; — Py,
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® no line flow constraints
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Question: What is the dual of the DC-OPF?

Il’liIl C1PG1 + CQPGQ
subject to:
1 2 B0 = Pg; — Py,

@ @ Pe>0

® no line flow constraints

Dual Problem

max — b v

subject to ATv +¢>0
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Quadratic Programming

1
min éxTQx +clz (1)
subject to:

gz.’J‘JSh“ z'zl,...,m

ai-x:bi, Z:L,p

e The only difference between the LP and the QP is in the objective
function

e QP is not necessarily convex!
e QP convex & @ = 0, i.e. positive semidefinite
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Linear vs. Quadratic Costs in the OPF

Linear Costs
Cost

0 Power

e Linear costs usually represent
price bids = Markets

e e.g. bid 80 $/MWh for the next 1
hour
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Quadratic Costs
Cost

0 Power

e Quadratic costs usually
approximate fuel costs (and other
power plant costs) = verticallly
integrated utilities that wish to
minimize costs
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DC-OPF with Quadratic Costs

: 2
min E CQ,iPGi + Cl,iPG’i + Co,i
i

subject to: '
B.-0=Pg—Pp

1
Pij,ma:r} S _(91 - 9]) S Pij,max
xij

e A DC-OPF with quadratic costs is a convex problem

° %xTQx + Tz : How does Q look like in a ‘QP’ DC-OPF?
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Active Power Losses in AC-OPF
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m-model of the line
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Active Power Losses in AC-OPF
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m-model of the line

e Losses = “P leaving node i" — “P arriving at node j"

e P leaving node i: P;_,;

e P arriving at node j: —P;_;
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