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Background and Motivation 

• Transmission lines were treated static facilities 
 

• Post-contingency corrective operations --- line  
switching to handle contingencies  
 

• Recent initiative on co-optimization between dispatch+ 
line switching  ---- dynamic topology 
 

• Dispatch cost can be saved up to 25% (Hedman et 
al.2009) 
 

• Including line switching in preventive analysis and 
operations considering contingencies – before 
contingencies 



• Vulnerability analysis with line switching  -- what is the 
most destructive N-k contingency 

 

• Grid upgrading with line switching  --  how to make use 
of line switching in system design 

 

• Robust Unit Commitment  with N-k consideration and 
line switching   -- what are daily benefit and cost 
reduction   (on-going) 

 

Background and Motivation 
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• II – Robust UC & Column-and-

Constraint Generation Method 
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A Revisit of Robust Unit Commitment 
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• Two-stage Robust Unit Commitment 

 

 

 

 
 

 

• Computing methods: 

‐ Benders decomposition (Bertsimas et al.,  Jiang et al.) 
 

‐ Column-and-Constraint Generation algorithm (Zeng 
and Zhao) 

 

 

Day ahead Economic Dispatch 



• Iteratively solve master and subproblems until LB=UB 

• Initially,  called “primal cut alg.”  Formal name: Column-
and-constraint generation method  (Zeng and Zhao: 
Operations Research letters 2013) 

Column-and-Constraint Generation 
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• BA – Benders  algorithm 

• C & CG – Column and Constraint Generation  method 

 

 

 

 

 

‐ drastically faster than Benders: >20 times   

 ISO-NE adopted, time reduced 5 hours to 5 mins 

‐ A general method for  min-max -min problem 

 

A Revisit of Robust Unit Commitment 
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III – Math Formulations 

     & Results  
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• zl : binary variable for switching (0 open, 1 closed) 

• wl:  binary variable for forced outage  

 

 

 

 

 

 

 

 

Vulnerability Analysis with Switching  
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N-k conting. 

DC flow 

Flow bounds 

Node balance 



• An open problem (A. Delgadillo et al. TPWRS 2010) 

• The inner problem is an Mixed Integer Program 

– No valid KKT conditions or strong duality 

– No effective algorithm available 

• Bi-level  to Tri-level 

   

 

Vulnerability Analysis with Switching 
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Vulnerability Analysis with Switching 
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• Benchmark with A. 
Delgadillo et al.  

 

• MSBD: multi-start 
Benders 
decomposition 
 

• C&CG: column-
and-constraint 
generation 
 

• *Inexact solutions 
in MSBD 



Benefits of Line Switching 
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Load Shed in the worst N-k 

• Very useful when k is small 

• On average:  22.4% load reduction in N-k contingencies 



Grid Expansion with Line Switching  
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Design Stage 
Economic Dispatch 

+ Line Switching 
    Contingency 

DC flow on new line 

Power from new gen. cap. 

N-k contingency 



• Column-and-
constraint 
implemented in a 
nested fashion 
(NCCG) 

 

• May need a larger 
number of 
iterations in  
outer+inner loops 

 

• Algorithm 
improvement is 
important 

 
 

 

Grid Expansion with Line Switching  
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A Hardening Illustration (no new cap.)  
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Benefits of Line Switching in Hardening 

18 

0 

0.96 

2.42 

3.44 

4.40 

5.22 

1.43 

2.09 

3.23 

4.08 

4.83 

5.63 

0 

1 

2 

3 

4 

5 

6 

0 1 2 3 4 5 

Lo
ad

 S
h

e
d

  (
1

0
0

M
W

) 

K outages 

Average Load Shed under Different  k 

W/O Line Switching 

With Line Switching 

54.2% 

25.2% 

15.7% 

8.9% 7.2% 

0% 

20% 

40% 

60% 

80% 

100% 

0 1 2 3 4 5 

K outages 

Load Shed Reduction from Line 
Switching 

22.8 % reduction in load shed through line switching 



19 

 

 

 

IV – Algorithm Improvement 

  

 
 



• Initialization with your intelligence 

– Analyzing problem structure to identify “worst case” scenarios 

– Analyzing problem structure to identify “most promising” line 
switching 

• Make use of multi-optimal solutions from solvers 

• Do you need to solve the problem to optimality before 
termination? – No.  Adjust your opt. tolerance.. 

• More tricks – welcome to discuss 

 

Algorithm Improvements 
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Example of  CPU Time Reduction 
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On a random  

data set  of  

vulnerability 

analysis 

problem on 

IEEE-96 

RTS 

Our basic method with Initial switching 
1.2 2.4 
4.9 15.4 
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V – Conclusions 

 

  

 
 



• Column-and-constraint generation algorithm is far 
better than Benders decomposition 
 

• Nested Column-and-constraint generation can deal with 
mixed integer recourse problem inside two-stage robust 
grid expansion/unit commitment problem 
 

• Line switching can be very effective in load shed 
reduction 
 

•   More advanced algorithm improvements are needed 

Conclusions 
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• Questions?  

 

 

• Contact:    

          Bo   Zeng,  assistant professor at University of South 
        Florida  

          Email:       bzeng@usf.edu 

           Phone:    813-974-5588 

          

Thank you! 
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