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I. Power System Economics and Security



Electric Power and Power Electronics Center

Customers

IPP

IPP

IPP

Transmission

Generation

Distribution

Tie-Lines

Tie-Lines

� Vertically Integrated Utility
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GENCO
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GENCO
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DISCO DISCO

� Restructured Power System
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� Security ! Security ! Security !
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� Hierarchical Power System Analysis

Short-term Operation

Security-Constrained Unit Commitment

-Security-Constrained Optimal Power Flow

Real-time Security Analysis

System Monitoring

Contingency Analysis

Generation Resource Planning

Transmission Planning

Mid-term Operation Planning

Maintenance Scheduling

Fuel Allocation

Emission Allowance

Optimal Operation

Long-term Planning
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II. Security-Constrained Unit Commitment
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� Security-Constrained Unit Commitment (SCUC)?

� UC

� SCUC

G1

100 MW

G2

8 $/MWh 10 $/MWh

100 MW

Line Cap = 60 MW

G1
G2

60 MW
100 MW

40 MW
Line Cap = 60 MW



Electric Power and Power Electronics Center

� ISO (SCUC) and Market Participants

GENCOs TRANSCOs DISTCOs

ISO 

Network Security Network Security 

Optimal GenerationOptimal Generation

Bids Schedules

SchedulesViolations
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� SCUC Scales

2,4206,9364,432863WECC

30,31465,71149,1555,284Eastern Interconnection

3,6957,0365,663599ERCOT

6762,5881,859284ISO-NE

---98FPL (Florida)

1,0392,2791,892153METC (Michigan)

5681,4741,168169ComED (Chicago)

# of Load# of Lines# of Bus# of UnitsSystems
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� SCUC with AC Constraints
- Objective and Constraints

)(xfMin

b1g1(x) ≤

b2g2(x) ≤

� Objective Function

� Unit Commitment Constraints 

� Network Security Constraints 

� Power balance
� System spinning and operating reserve requirements
� Generation capacity
� Minimum On/Off time limits
� Ramping Up/Down limits
� Fuel and emission limits

� Power flow equations
� Transmission flow and bus voltage  limits
� Limits on control variables 
� Time limited corrective controls for contingencies

� Generation Cost
� Startup/Shutdown Cost
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� SCUC with AC Constraints
- Solution (Benders Decomposition)

xc
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UC Constraints

Network Security Constraints

� Original Problem

Objective
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� Initial Master Problem (UC)

� Security Check Subproblem

� Benders Cuts

� Modified Master Problem
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� SCUC with Contingency Constraints

Master Problem

Unit Commitment
Master Problem

Unit Commitment

Subproblems for Base Case

(Network Security Evaluation)
Subproblems for Base Case

(Network Security Evaluation)

Subproblems for Contingencies

(Network Security Evaluation)
Subproblems for Contingencies

(Network Security Evaluation)

Schedules

SchedulesCuts

Cuts Loop A

Loop B
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SCUC Master (UC) Solution

� Lagrangian Relaxation � Mixed Integer Programming

Original

Lagrangian Relaxation Problem

Single UC (Dynamic Programming)

Branch-and-Cut
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SCUC Subproblem Solution
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10 $/MWh

25 $/MWh

100 MW

50 MVar

8$/MWh

� SCUC with AC Constraints
- Example 1 (Two-bus system)

System UC

Transmission Voltage

101.35MW

56.75 MVar

100 MW

50 MVar

15 MW

30 MVar

85.79 MW

24.20 MVar

100 MW

50 MVar

70.78MW

52.36 MVar
30 MW

1.518 MVar

100 MW

50 MVar
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100 MW

50 MVar

39.88 MW

26.51 MVar
45.35 MW

3.03 MVar

15 MW

21.60 MVar

30 MW

3.59 MVar

15 MW

23.33 MVar

100 MW

50 MVar

55.37 MW

24.92 MVar

30 MW

10 MVar

100 MW

50 MVar

55.66 MW

13.27 MVar

15 MW

30 MVar

� Example 1 (Cont’d)

Base

Preventive

Outage

$1147.54 Preventive

$1117.96 Base

$810.80 UC

CostCases



Electric Power and Power Electronics Center

� SCUC - Example 2 (Large Systems)

130 min3,771,384126,81649,1555,284Eastern 

Interconnection

7 min438,60020,7124,432863WECC

4 min.419,85614,3765,663599ERCOT

110 sec.161,3286,8161,859284ISO-NE

20 sec.18,8882,352-98FPL (Florida)

75 sec.129,5523,6721,892153METC (Michigan)

82 sec.95,9284,0561,168169ComED (Chicago)

CPU# of 

Constraints

# of   

Binary

# of 

Bus

# of 

Units

Systems
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III. Optimal Scheduling of Generation Resources
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SCUC

Hydro

Combined-Cycle

Wind-Storage

Thermal PV-Battery

� SCUC with Generation Resources
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Upper 

Reservoir 

Lower

Reservoir 

� Hydro Units

Hydroelectric Power Plant Cascaded

Pumped-Storage
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� Combined – Cycle Unit

Modes

Mode 4

2CT+1ST

Mode 3

1CT+1ST

Mode 2

2CT+0ST

Mode 1

1CT+0ST

Mode 0

0CT+0ST

Mode 4

2CT+1ST

Mode 3

1CT+1ST

Mode 2

2CT+0ST

Mode 1

1CT+0ST

Mode 0

0CT+0ST

G

G

G

G

G

G

CT A

CT B

ST

Hour 1 Hour 2



Electric Power and Power Electronics Center

� Wind-Storage Unit
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IV. Optimal Control of HVDC Transmission Systems
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� SCUC with Transmission Components

SCUCAC Lines HVDC lines

Phase Shifters Transformers

FACTSCapacitors



Electric Power and Power Electronics Center

� Market Clearing with HVDC

ISO

(SCUC)

TRANSCO

AC System
AC/DC

Converter
AC System

AC/DC

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

10 $/MWh

1350 MW

270 MVar

18 $/MWh

38 $/MWh

350 MW

216.6 MVar

1350 MW

270 MVar

1005.2 MW

81.5 MVar

390.7 MW

126.1 MVar

960.8 MW

331.9 MVar

1350 MW

270 MVar

System UC

SCUC-AC SCUC-DC

861 MW

98.1 MVar

1350 MW

270 MVar

93.0 MW

36.4 MVar

400 MW

156.4 MVar
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V. Application Software 
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� Visualization of Power System Application
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� Wind Units in USA
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� Electricity Price
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fuyong@iit.edu

Questions ?


