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AC Optimal Power Flow

IEEE 96 Reliability Test System



Challenges

• AC optimal power flow

• Nonconvex constraints

• Potentially large scale



Decomposition Based 
Optimal Power Flow

• Reformulate as bilevel problem



Decomposition Based 
Optimal Power Flow

• Allows parallelization

• Subproblems: solved using second 
order cone (SOCP) or other 
relaxation techniques

• Master problem: general nonlinear 
programming solver

• Caveat:         may be non-smooth



Non-smoothness



Smoothen subproblems by logarithmic barrier



Smoothing



Numerical Performances

• Scales linearly with problem size

Network size



Demand Response

Figure from www.gismart.eu
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Sample price fluctuations



Demand Response



Historical Demand Response Data

Household Samples from UK DR project1

5567 Households in London

1126 TOU experiment group

4486 non-TOU control group

Trial from beginning of 2011

to the end of 2014

Measured 30 min resolution

168 million measurements



Time-of-Use vs Non-Time-of-Use: 
Temperature Effects 



Time-of-Use vs Non-Time-of-Use:
Seasonal Effects

In order to fully explore DR potential, aim to 
establish models of user behavior 


