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Background

In 2012 the NYISO and GE Energy Consulting performed an evaluation of
Contribution to Resource Adequacy of Special Case Resources for the
Installed Capacity Subcommittee of the New York State Reliability Council.

This analysis considered:
Penetration
Duration of Use

Persistence of Use

http://www.nysrc.org/pdf/MeetingMaterial/I[CSMeetingMaterial/ICS Agendal35/2012%20SCR%20Studv%20Report%20for%201CS%20  -final-05-01-12.pdf
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http://www.nysrc.org/pdf/MeetingMaterial/ICSMeetingMaterial/ICS_Agenda135/2012 SCR Study Report for ICS -final-05-01-12.pdf

Objective

Build upon the analysis performed for SCRs, expanding the scope to inclut
distributed energy and other resources with energy limitations considering

The impacts of: On Capacity Value as Measured In:
Duration of Use Daily Loss of Load Expectation (LOLEDays/Year)
Penetration Hourly Loss of Load Expectation (LOLE Hours/Year)
Persistence of Use Loss of energy Expectation (LOEE)

Diversity of Resources
Performance

Seasonal or Daily Limitations
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Definitions

Capacity Value: The amount of perfect capacity in the same location which
would provide an equivalent reliability benefit. Capacity Value is independe
of transmission constraints. Capacity value for a traditional generator can
approximated by UCAP.

NYCAwide Reliability Value: The amount of perfect capacity spread
throughout NYCA proportional to existing capacity which would provide an
equivalent reliability benefit. NYG#ide Reliability Value incorporates the
Impact of transmission congestion.
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Capacity Value vs NY@®Ade Reliability Value

The objective of this analysis is to develop a methodology for calculating tr
Capacity Value of resources with energy limitations, as such, Transmission
congestion Is not considered.

The impact of transmission constraints on NY@le reliablility is captured
by the Locational Minimum Capacity requirements (LCRs) and the price
differential in the ICAP market.

It Is assumed that the impact of transmission constraints for resources with
energy limitations is consistent with the impact for a traditional generator
and that the LCRs and ICAP Market Clearing prices will adequately accoul
for transmission constraints.
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Approach



How Is Capacity Value Calculated
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Approach

GE Energy Consulting will develop a GE MARS post processing routine to
schedule resources subject to the parameters listed previously against the

hourly NYCA capacity margin for each replication and load level of the GE
MARS simulation.

N¥8§- O °-8¥ -32D.- =31 ¢9q9°lL wgl | 8 ¥
schedule, and the reliability indices recalculated.

Capacity will be removed until the relevant reliablility index Is returned to
base case levels.
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Resource Scheduling
Selecting the Days to Schedule

A Calculate hourly NYCA capacity margin and available Emergency
Assistance for all replications and load levels

A If seasonal limitations are specified, filter the data to only those days
where the resource Is available
A Select the worst days for scheduling up to the limit on the number of cal

1) Days with Loss of Load Events

2) Days without loss of Load Events sorted by the sum of NYCA capacity margin anc
Avallable Emergency Assistance
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Resource Scheduling
Selecting the Hours to Schedule

From the days selected for scheduling

A If time of day limitations are specified, filter to only those hours the
resource Is available

A If duration of use limitations are specified, calculate the rolling total
capacity margin for the number of hours allowed, schedule the resource

for the period with the minimum total

A If energy limitations are specified, schedule the resource for a block of
consecutive hours until the available energy is utilized (starting from the
worst hour, schedule outwards to the worst adjacent hour)
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Capacity Removal

A constant amount of capacity is removed from all hours to calculate
capacity value

1) If the resource Is scheduled in the hour, remove capacity from NY Area

oroportional to the capacity added

2) If the resource Is not scheduled and all NY Areas have capacity margin

greater than or equal to zero, remove capacity from NY Areas
oroportional to the surplus

3) If the resource Is not scheduled and any NY Area has a capacity margit
ess than zero, remove capacity proportional to base case UCAP
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. oss of Load Event Statistics



Cases Analyzed

2018 IRM Base Case w/ Optimized LCRs

IRM:

Zone J LCR:
Zone K LCR:
GHIJ LCR:

Daily LOLE:
Hourly LOLE:
LOEE:

18.2%
79.7%
107.5%
90.8%

0.099 Days / Year
0.304 Hours / Year
196.7 MWh / Year
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2018 IRM 2000 MW Wind 200 MW Solar

IRM:

Zone J LCR:
Zone K LCR:
GHIJ LCR:

Daily LOLE:

Hourly LOLE:

LOEE:

26.3%
80.8%
105.6%
N/A

0.097 Days / Year

0.315 Hours / Year
248.5 MWh / Year
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GE MARS Load Forecast Uncertainty

A In GE MARS Load Forecast Uncertalnty can be represented by up to 1(
- .- . -28 Cu®¥" u©°©° - E
A For each Load Level, a Historic Load Shape and peak load multiplier is
applied
A The results for each load level are weighted together by the assigned
probability

A The NYSRC IRM Database models 7 Load Levels (Load Level 1, 2006
Historic Load Profile; Load Level 2, 2002 Historic Load Profile; Load Le
3-7 2006 Historic Load Profile)

Valuing Capacity for Resources with Energy Limitation27|September 2018 14



Load Forecast UncertaintPeak Load Multipliers

2018 Load Forecast Uncertainty Distributions
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http://www.nysrc.org/pdf/Reports/2018%20IRM%20Study%20Appendices%20%20Final%2012_08_2017 V2.pdf
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http://www.nysrc.org/pdf/Reports/2018 IRM Study Appendices  Final 12_08_2017_V2.pdf

Distribution of Event Duration for Dally Loss of Load Events
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Distribution of Size of Hourly Loss of Load Events
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Base Case
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Distribution of Loss of Energy for Daily Loss of Load Events

Case
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Distribution of Maximum Hourly Size of Dally Loss of Load Event:

Case
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Distribution of Loss of Load Events by Time of Day

Expected Number of Occurences
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Expected Loss of Energy by Time of Day
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Distribution of Loss of Load Events by Day of the Year
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Base Case Capacity Value Results



Duration and Penetration

A 1,2, 4,6,8,10, 12, 16, and 24 hour durations analyzed
A 100, 250, 500, 1,000, 2,000, and 4,000 MW penetrations analyzed

A No diversity assumed (all capacity is called simultaneously)
A No persistence limit assumed (available 365 days / year)
A Perfect availability assumed (0% forced outage rate)

Valuing Capacity for Resources with Energy Limitation27|September 2018
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Reliability Metrics After Scheduling Resources

Metric
Daily LOLE Hourly LOLE
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Value After Scheduling
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Duration of Use
Absolute Capacity Value (MW)

Metric
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Duration of Use
Fractional Capacity Value (%)

Metric
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Duration of Use
Observations

A All capacities examined reach 100% between 8 and 16 hours, with all b
the largest penetrations reaching 100% by 10 hours

A The higher the penetration, the longer the duration must be for Capacity
Value to reach 100%

A Capacity Value in terms of Hourly LOLE and LOEE saturate to 100% wi
slightly smaller durations
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Penetration
Absolute Capacity Value (MW)

Metric
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Penetration
Fractional Capacity Value (%)

Capacity Value (pct)
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Penetration
Observations

A
A

o o

Capacity Value in absolute terms increases as penetration increases

Using the daily and hourly LOLE metrics, the Fractional Capacity Value increases ¢
penetration increases up to a threshold point before decreasing

The Fractional Capacity Value in LOEE terms decreases as penetration increases

The daily and hourly LOLE threshold point is different for different resource duratior
and decreases as the duration increases

Because Daily and Hourly LOLE are binary metrics, the threshold point is believed
be driven by the distribution of event duration and size. This is supported by the fac
that a similar threshold is not seen for LOEE.
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Persistence (Number of Days per Year)

A 1, 4,8, 12, and 24 hour durations analyzed
A 5, 10, 25, and 50 day persistence limits analyzed

A 1,000 MW penetration assumed

A No diversity assumed (all capacity is called simultaneously)
A Perfect availability assumed (0% forced outage rate)

Valuing Capacity for Resources with Energy Limitation27|September 2018
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Persistence
Absolute Capacity Value (MW) of a 1,000 MW Resource

1,000~

800 -

600

400+

Capacity Value (MW)

200 -

Metric
Daily LOLE Hourly LOLE LOEE
s — ¢ f —2 ®  Number of Hours

— ¢ ® 2

® 12

— PN ® © 8

0 4

o ® ® ./.— — - o1

I | I I
10 20 30 40 500 10 20 30 40
Number of Days Number of Days

Valuing Capacity for Resources with Energy Limitation27|September 2018

] ]
50 0 10 20 30 40

Number of Days

50

33



Persistence
Observations

A Full Capacity Value is achieved with between 10 and 25 days per year ¢
availability depending on penetration and duration.

A Unless the limitation on the number of calls per year is very low, the
Impact of limiting resource persistence is minimal
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Diversity&1,000 MW Penetration

A 1,2, 4,6,8,10,and 12 hour durations analyzed
A Resource scheduled in 50, 100, 250, and 500 MW blocks

A 1,000 MW penetration assumed
A No persistence limit assumed (available 365 days / year)
A Perfect availability assumed (0% forced outage rate)
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Diversity
Absolute Capacity Value (MW) of a 1,000 MW Resource
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Diversity&All penetrations, 50 MW Block size

A 1,2, 4,6,8,10, 12, 16, and 24 hour durations analyzed
A 100, 250, 500, 1,000, 2,000, and 4,000 MW penetration

A Resource scheduled in 50 MW blocks
A No persistence limit assumed (available 365 days / year)
A Perfect availability assumed (0% forced outage rate)

* Full results avallable in backup
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Diversity
Fractional Capacity Value (%) of a Two (2) Hour Resource

Capacity Value Percentage (%)
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Diversity
Fractional Capacity Value (%) of a Four (4) Hour Resource

Capacity Value Percentage (%)

Metric
Daily LOLE Hourly LOLE LOEE
100+ Block Size
® 50
80 @® Capacity
60 -
40-
204
0_
[ I I I 1 [ I I I 1 [ I 1 I 1
o I ~n [ &~ O - ~ w &~ o — ™~ W &
o o o o o o o o o o o o
o o o o (@) o o o o o o o
o o o (@] o o o o o o o o
Capacity (MW) Capacity (MW) Capacity (MW)

Valuing Capacity for Resources with Energy Limitation27|September 2018

39



Diversity
Fractional Capacity Value (%) of an Eight (8) Hour Resource

Capacity Value Percentage (%)
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Diversity
Observations

A Resource diversity increases Capacity Value because the resources are
scheduled sequentially, meaning edubck isscheduled accounting for

the impact of previously scheduled blocks.
A The increase is most pronounced for the Capacity Value calculated

1) Using the Daily LOLE metric
2) For shorter duration resources
3) For larger penetrations
A As an example: with a 4 Hour duration, 1,000 MW penetration schedule
In 50 MW blocks has more absolute Capacity Value (709 MW) than 2,0(

MW with no diversity (694 MW)
Valuing Capacity for Resources with Energy Limitation27|September 2018
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Performance

To

1, 2,4, 6, 8, 10, 12, 16, and 24 hour durations analyzed
100, 250, 500, 1,000, 2,000, and 4,000 MW penetrations analyzed

5%, 10%, and 15% forced outage rates analyzad/ off two state modelling on an
hourly basis

o o

A No diversity assumed (all capacity is called simultaneously)
A No persistence limit assumed (available 365 days / year)

* Full results available in backup
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Performance
Absolute Capacity Value (MW) of a 1,000 MW Resource
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Performance
Fractional Capacity Value (%) of a Two (2) Hour Resource

Metric
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Performance
Fractional Capacity Value (%) of a Four (4) Hour Resource

Capacity Value Percentage (%)
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Performance
Fractional Capacity Value (%) of an Eight (8) Hour Resource

Capacity Value Percentage (%)
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Performance
Observations

A Because the random draws are done on an hourly basis the impact on
daily LOLE Is more pronounced. Further analysis may be needed to

analyze the impacts of daily outages.
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High Wind High Solar Capacity Value
Results

* Full results avallable in backup



Duration of Usé&Base Case vs High Wind High Solar Case

Fractional Capacity Value (%)
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