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Managing 

Inadvertent 

or

Tie-Line Error:



Primary Response Stabilizes Frequency

Secondary Response Restores Frequency
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(Shared)
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Generator slows down while governor opens steam-control valve to stop the slow-down. 
Interconnection’s Overall Primary Response offsets Intcrconn.’s Overall Scheduling Error.

Operator raises steam-control valve set-point to increase the steam flow  
to speed up generator.  

As generator speeds back up to normal, the governor closes-back steam-control valve.  
Balancing Authority’s Secondary Response to his own error 

replaces Interconnection’s Shared Primary Response to that error.  



A BA has Inadvertent* whenever the BA’s share of the Interconnection’s overall Scheduling Error doesn’t 
match the BA’s required share of the Interconnection’s overall Primary Response to that Scheduling Error  
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Ancillary Service Dispatch Decision
• Three 500 MW Units with 5% Droop.

 5 % Droop means
- 100 % of capacity needed to arrest freq. drop of 5 % of 60 Hz = 

3 Hz 
- Response Requirement of 10 % of capacity (= 150 MW = 

50MW per gen.) to arrest .3 Hz freq. drop (= 0.5% of 60 Hz).

• Each Loaded to 425 MW
• Unit 1 – Incremental Price = $30/MWh
• Unit 2 – Incremental Price = $40/MWh
• Unit 3 – Incremental Price = $50/MWh
• How should a 75 MW increase in balancing energy 

be delivered?



Marginal-Energy-Cost May Not be the 
Most Economic Basis for Reliability

• Alternative 1: Variable-cost Based Decision - load 
Unit 1 an additional 75 MW.
– Cost $  2,250
– Remaining resp. to next .3Hz drop:    100 MW ⇒

⇒only 2 available generators left @ 50 MW per generator = 
1/3rd shortfall from response needed to arrest next frequency 
drop. Need to have bought 500 MW of new excess capacity to 
get the extra 50 MW of response 

• Alternative 2: Capacity-cost Reliability Based 
Decision - load each unit an additional 25 MW.
– Cost $  3,000
– Remaining resp. to next .3Hz drop 150 MW ⇒

⇒all 3 generators available @ 50 MW per generator = No 
shortfall from the response needed to arrest next frequency drop



energy

transmission loading component

frequency control contribution

Inadvertent is a vector in a state space

FCCTLC,energy,



Dual pricing  of unscheduled energy
Ambiguity along the diagonal

Revenue/Expense

Unscheduled
part 0>β good                            bad                  receive

energy part 0>U
sold                         10ββpUpe + 10ββpUpe − pay

bought                 10ββpUpe +− 10ββpUpe −−



Animation of the Mechanism for 

Determining and Settling 

Frequency Control Contribution:
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Slope         is "2-dimensional average"
of Inadvertent & Frequency-error

Average Frequency-error

i's Average Inadvertent

A Balancing Authority i's Frequency Control Contribution is a frequency-error-weighted
"2-dimensional average" of Inadvertent and Frequency-error.

A "2-dimensional average" is the slope of a line from the origin      through the intersection     of
the lines intercepting the two averages.

4-period scatter of Balancing Authority i's
<Frequency-error, Inadvertent>

 points

           denoted by the 4 red dots
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Possible portfolio of options
Price should arbitrage buyer's avoided cost of β with supplier's opportunity cost

p supply:

demand:
price:

q  in order of size
of unscheduled

Puts on generation   Calls on generation   Calls on loads



In a complete options market for frequency response
the optimal scheduling point minimizes the cost of unscheduled B + C
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Relation between CPS1 

and 

Frequency Control Contribution

pFCC



extends to all inadvertent the 
price of  the trading & procurement of 

residual inadvertent done to get 
compliant with             .  

The              tolerance band limits and 
drives .              
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boils down to
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monetizes the part 

of             not being subject to 
compliance enforcement
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Trading/procurement of          to get 
within the              tolerance band     

drives the price          of all  in
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provides a means for      s 
to decentralize             frequency    
control to entities         by passing      

through the cost/benefit of       s    s’  
compliance to the   

entities       necessitating/causing it.
• to alleviate          ‘s             compliance, and 
• to re-decentralize frequency control when     

compliance is centralized into fewer 
and bigger        s
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Control area i's maximum allowed 1-minute average tie-line
error (plus response obligation) in direction of the frequency error:
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‘s cut is perpendicular to CPS1's cut/band.
Payments for traded          s would sum to zero around CPS1's cut/band when   .

There is excess demand for traded          s outside CPS1's cut/band when
whence receipt of reduces CPS1 penalty to incent BAs to get back inside.
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p
FCC

hFCC
hFCC β10

p



Tolerance band makes CPS1 control 
proactive:

a Balancing Authority becomes non-compliant
before 

the Interconnection becomes non-compliant. 



BAs with different biases have different CPS1 cuts/bands, all pivoting around point .
Tolerance band is proactive, enabling BA violations of CPS1 to be caught before 

the Interconnection violates CPS1.
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CPS1 makes control economically more efficient by enabling:

•avoidance of  expensive “overcontrolling” 
to too-short deviations 

that wears and tears generators.

•natural economic incentive to control 
just as effectively and compliantly 

but more cheaply
to a longer-term sample average.


