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What type of “Reliability” are we talking 
about???

• The North-American Electric Reliability Corporation (NERC) y p ( )
defines the reliability of the interconnected bulk power 
system in terms of two basic and functional aspects: 

– Adequacy — The ability of the bulk power system to supply the 
aggregate electrical demand and energy requirements of the 
customers at all times taking into account scheduled and reasonablycustomers at all times, taking into account scheduled and reasonably 
expected unscheduled outages of system elements. 

– Security — The ability of the bulk power system to withstand sudden 
disturbances such as electric short circuits or unanticipated loss ofdisturbances such as electric short circuits or unanticipated loss of 
system elements from credible contingencies. 
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System Adequacy

• Often measured based on installed capacity, peak 
load, and a planning reserve

• A fixed planning reserve margin (15%) does not in 
itself provide a measure of adequacy

• No system can be perfectly adequate
• How adequate is adequate enough?
• Quantify the number of times system will be 

inadequate – often measured as hours/year; 
days/year (1d/10y ≈ 99.97%)
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Which System is Most Reliable?
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Are There Metrics For System 
Adequacy?

• Loss of load probability
Probability of insufficient generation to cover load– Probability of insufficient generation to cover load

– Not necessarily load shedding; covers the probability of 
unforeseen/spot imports

L f l d t ti b bilit ti• Loss of load expectation = probability x time
• Expected unserved energy

– Measures the amount of potential shortfall, not justMeasures the amount of potential shortfall, not just 
the likelihood

• All of these measures capture varying levels of 
risk – something that is missing from fixedrisk something that is missing from fixed 
planning reserve margin  approaches (15%) unless 
they have been ‘trued up’ with reliability results
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Individual Generators’ Contribution 
to Adequacy can be Measured

• Effective load carrying capability (ELCC)
A li ll j i d• Applies to all generators, not just wind

• De-composes each individual generator’s contribution to 
system adequacysystem adequacy
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Capacity Credit (ELCC) Properties

• Not unique to wind, and can be adapted to wind 
generatorsgenerators

• Wind capacity credit depends on output profile 
(hourly for at least one year):
– Low when wind contributes small amount to reliability
– High when wind contributes large amount to reliability
– Depends on system and wind characteristicsp y
– Values can range from approximately 10%-40%, 

depending on system and wind characteristics
– Capacity credit outside this range are possibleCapacity credit outside this range are possible
– Use multiple years of data if available
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Is ELCC the Same as Capacity 
Factor? (No)

• Wind-load relationship is only part of the equation
C i f d i k i d ’• Capacity factor, even during peak periods, won’t 
necessarily match ELCC

Capacity Credit vs. Capacity Factor (Year 4)
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An Energy Resource in an Capacity World
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Wind generators

• We don’t usually have enough long-term datay g g
• Must be synchronized to load data
• Site-specific (not like thermal units)
• ELCC usually calculated one year at a time
• Should be multiyear

d d l h h l h (• Wind may deliver higher or lower than its ELCC estimate (just 
like thermal units)
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Security => Active Power Control
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Differences in Perspective

Wh t

Sure I desire it, 
but why would I 
ask them to

Why create a 
market or policy for 
that capability if 
there currently is 

h d it iask them to 
provide the 
capability if they 
cannot provide it?

Regulator enough and it is 
given for free?

Operators ManufacturerResearch and 

Sure I can build 

Demonstration

Wind 
Owner/Operator

Why would I provide 
that capability if I don’t 
have to and will lose 
money?

this, but why 
market this 
capability if nobody 
desires it?
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Making the Case

 Current decline of the North American Eastern Interconnection 
frequency response of about 60-70 MW/0 1 Hz per yearfrequency response of about 60 70 MW/0.1 Hz per year 
 Ingleson and Allan 2010, Ingleson and Ellis 2004, etc.

 2011 FERC/LBNL study on Frequency Response Metrics to assess 
requirements for reliable integration of VG:requirements for reliable integration of VG:
 Though states wind not being the cause to frequency decline, recommends 

“expanded use of frequency control capabilities that could be provided by variable 
renewable generation technologies (primary frequency control, etc.)”

 Kirby et al “Providing minute to minute regulation from wind plants”
 “The analysis has shown that there is a potential for wind plants to aid power 

system reliability and increase their own profits by providing regulation.”

 Wind power integration studies (e g EWITS WWSIS etc ) have Wind power integration studies (e.g. EWITS, WWSIS, etc.) have 
recommended use of wind power providing secondary and tertiary 
reserve power during min load periods
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Primary Response Status

• Europe: UCTE (ENTSO-E requires 3000 MW of primary response 
throughout interconnection, distributed based on load/gen ratio

• NERC: No quantifiable requirement for primary responseq q p y p
• Current decline (Ingleson research)
• Eastern Interconnection currently has no “C” point
• Reasons for decline• Reasons for decline

• Governor dead bands
• Stepped droop rather than proportional curve
• Blocked governorsBlocked governors
• Generator modes (sliding pressure, exhaust temperature control mode)

• Neither Europe nor North America have designated ancillary services 
market for primary responsep y p

• E.g., Spinning reserve market does not necessarily mean governors are enabled

• If enough wind displaces and de-commits conventional units 
providing this service, and wind does not provide these capabilities, 
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p g , p p ,
this can cause a further decline



Active Power Control Project

• NREL and EPRI joint project, to test at NWTC facilities
• Economic and power system analysis and simulationsp y y
• Computer simulations of control capabilities
• CART machine field test
• Utility scale wind turbine test and demonstration• Utility scale wind turbine test and demonstration
• Push the boundaries, more in-depth testing

• Parameter adjustments (dead bands, ramp rates, droop characteristic, 
etc.)

• Different wind speeds, upward and downward, high varying wind
• All three responses together

• Publish results and demonstrate to regulators operators wind
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Publish results and demonstrate to regulators, operators, wind 
owner/operators, and manufacturers



Active Power Control from Wind Power 
Workshop
www.nrel.gov/wind/systemsintegration/active_power_control_workshop.html
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The end goal

• When tested, and reports show wind turbine providing 
capability satisfactorily…

• It costs too much?
Addi i l i d l ld ibl b hi h• Additional revenues per wind plant could possibly be very high 
should they choose to participate and market rules are correctly 
designed
H l i d t ith th ti• Help wind compete with other generation

• It cannot behave as other generators?
• Studies may show it providing the finest scale of active power y p g p

control capability on a better quality than other generation
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Contact

Questions, Comments, and Feedback
charlton.clark@ee.doe.gov
202-586-8040

Special Thanks to Dr. Michael Milligan and Erik Ela at NREL
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