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[United States Gross Production (2009): 4,000 TWh  

[At $50/MWh : cost $600 billion/year (world)  

[ cost $200B (billion) /year (US) 

[At $100/MWh: cost $2,000 billion/year (world)  

[  cost $400B/year (US) 

[ In US 10% savings is about than $20 to $ 40B/ yr  

[All current ISO markets are constrained by software ;-(  

 
 

Source: IEA Electricity Information, 2010 .  

 NASA, 2010.  
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Edward Teller on 1965 Blackout:  

òpower systems need sensors, 
communications, computers,  

displays and controlsó 
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FERC staff conference 
on the Next Generation 
of Unit Commitment   



2008  
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FERC staff introduces 
Optimal Transmission 
Switching concept  
Possible savings > 10% 
of dispatch costs  



 
 

ĔBatteries , flexible 
generators, topology 
optimization and price 
responsive demand  
ĔNeed flexibility  
Ĕoptimally integrated  
Ĕoff -peak  
ĔGenerally wind is strongest  
ĔPrices as low as -$30/MWh  
ĔIdeal for battery charging  

New markets new technologies  
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 Promote efficient 
wholesale markets through 
the exploration of software 
and hardware that will 
optimize market operations  



2015 
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All ISOs have adopted 
Mixed Integer 
Programming for Unit 
Commitment   
Annual Savings > $1B  



 

ĔWhat we do well  
ĔSolve sparse linear equations  
ĔSolve linear optimization problems 
ĔSolve convex optimization problems 

 
ĔWhat is more difficult  
ĔProblems with binary variables  
ĔStartup , min run time,  
ĔOptimality gap 

ĔProblems with continuous non-convex functions  
ĔLocal optima 
ĔDuality gap  

 
 

 

 
 

what we do well and  
what we are working on  



ĔAs  
Ĕcomputers gets faster and cheaper  

Ĕsoftware gets faster and better  

Ĕmeasurements get better, eg,  PMUs  

Ĕinformation transfer gets faster  

ĔThere is the potential significant market 
efficiency improvement  

Ĕbinding constraints on market efficiency  
ĔSoftware  

ĔòGood Utility Practiceõõ 
 

binding constraints on  
market efficiency  




