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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/MWHh: 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.



hour-ahead scheduling and
resolution of most renewables
oneac.cycle  AGC signal integration studies
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dward Teller on 1965 Blackout:

"power systems need sensors,
communications, computers,

displays and controls”

fer rational

September 29, 2015




FERC staff conference
on the Next Generation
of Unit Commitment

THE NEXT

Engineering
ELECTRIC POWER judgment

UNIT COMMITMENT
MODELS

Edited by
Benjamin F. Hobbs
Michael H. Rothkopf
Richard P. O’Neill
Hung-po Chao
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FERC staff infroduces
Optimal Transmission

Switching concept
Possible savings > 10%
of dispatch costs

Engineering
judgment
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I 1960s : |
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Promote efficient
wholesale markets through _+ ..
the exploration of software
and hardware that will ‘/
optimize market operations

Engineering
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All ISOs have adopted
Mixed Integer
Programming for Unit
Commitment

Annual Savings > $1B

Engineering
judgment
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Power Flow Equations

Polar Power-Voltage: 2N nonlinear equality constraints
Pn = 2k VVia(Grmk€0SBnm + BrmkSinBnm)
Qn = Lk VaVin(GrnkSinBnm - BrnkC056nm)
Rectangular Power-Voltage: 2N quadratic equality constraints
S=P+jQ = diag(V)I" = diag(V)[YV] = diag(V)Y'V’
Rectangular Current-Voltage (IV) formulation.
Network-wide LINEAR constraints: 2N linear equality constraints
I=YV=(6+jB)(V +jV)=6V - BV +jBV +GV)
where I" = GV" - BV and I'= BV" + G/
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reactive
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Real power flow without
reactive power support

Real power flow WITH
reactive power support
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Day-ahead ang
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http://content.answers.com/main/content/wp/en/thumb/3/3a/400px-Circuit_Breaker_115_kV.jpg
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! 38=6561 scen.

28 = 256 scen.
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= Price-responsive demand

= Better look ahead in real-time
market

=> Reactive power approximation

= Transmission supply function

Engineering
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= Unit commitment for demand
=> ACOPF

= Distribution systems
optimization

Engineering
judgment
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