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I. Power System Economics and Security

== Electric Power and Power Electronics Center



ILLINGIS INSTITUTE@P
OF TECHNOLOGY

U Vertically Integrated Utility

Tie-Lines

Tie-Lines

== Electric Power and Power Electronics Center




ILLINGIS INSTITUTE@F
OF TECHNOLOGY

U Restructured Power System

Tie-Lines

Tie-Lines

A
C1C2 C3 C4C5Co

== Electric Power and Power Electronics Center



ILLINGIS INSTITUTE@L
OF TECHNOLOGY

1 Security ! Security ! Security !

== Electric Power and Power Electronics Center



ILLINGIS INSTITUTE@F
OF TECHNOLOGY

U Hierarchical Power System Analysis
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Generation Resource Planning
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Security-Constrained Optimal Power Flow
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Il. Security-Constrained Unit Commitment
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O Security-Constrained Unit Commitment (SCUC)?
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0 ISO (SCUC) and Market Participants
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1 SCUC Scales

Systems # of Units # of Bus # of Lines # of Load
ComED (Chicago) 169 1,168 1,474 568
METC (Michigan) 153 1,892 2,279 1,039
FPL (Florida) 98 - x -
ISO-NE 284 1,859 2,588 676
ERCOT 599 5,663 7,036 3,695
WECC 863 4,432 6,936 2,420
Eastern Interconnection 5,284 49,155 65,711 30,314
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- Objective and Constraints

0 Objective Function Min f(x)

> Generation Cost
» Startup/Shutdown Cost

0 Unit Commitment Constraints gl(x)<bl

Power balance

System spinning and operating reserve requirements
Generation capacity

Minimum On/Off time limits

Ramping Up/Down limits

Fuel and emission limits

U Network Security Constraints g2(x)<b2

Power flow equations

Transmission flow and bus voltage limits

Limits on control variables

Time limited corrective controls for contingencies

VVVY &€& YVVVVYVY

== Electric Power and Power Electronics Center



[LLINC S INSTITUTE@E
d SCUC with AC Constraints OF TECHNOLOGY

- Solution (Benders Decomposition)
» Original Problem
Min ¢lx Objective

Ax>b UC Constraints
Ex+Fy>h Network Security Constraints

> Initial Master Problem (UC) > Benders Cuts
Min  ¢'x w® -7 E(x-%) <0
Ax>Db
> Security Check Subproblem

> Modified Master Problem
Min cT X
Ax>b

wX) - E(x—%) <0

Min w(x)=1"s
St Fy+s>h-Ex =
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0 SCUC with Contingency Constraints
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SCUC Master (UC) Solution

» Lagrangian Relaxation » Mixed Integer Programming

- -

Wi (31X, %) #07 (31,52,15%,))  Lagrangian Relaxation Problem

Branch-and-Cut

Single UC (Dynamic Programming)
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SCUC Subproblem Solution

Benders Cut
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- Example 1 (Two-bus system)
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0 Example 1 (Cont’d)
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30 MW
10 MVar
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0 SCUC - Example 2 (Large Systems)

Systems # of # of # of # of CpPU
Units Bus Binary Constraints

ComED (Chicago) 169 1,168 4,056 95,928 82 sec.
METC (Michigan) 153 1,892 3,672 129,552 75 sec.
FPL (Florida) 98 - 2,352 18,888 20 sec.
ISO-NE 284 1,859 6,816 161,328 110 sec.
ERCOT 599 5,663 14,376 419,856 4 min.
WECC 863 4,432 20,712 438,600 7 min
Eastern 5,284 49,155 126,816 3,771,384 130 min
Interconnection
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I1l. Optimal Scheduling of Generation Resources
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d SCUC with Generation Resources
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1 Hydro Units

[
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0 Combined - Cycle Unit
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0 Wind-Storage Unit
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IV. Optimal Control of HVDC Transmission Systems
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0 SCUC with Transmission Components
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0 Market Clearing with HVDC

== Electric Power and Power Electronics Center



ILLINGIS INSTITUTE@F

0 SCUC with AC/DC Transmission Systems
- Example (3-bus system)

18 $/MWh
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________________________ -
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V. Application Software
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O Visualization of Power System Application
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