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Executive Summary [New Section]

This Comprehensive Reliability Plan (CRP) concludes that the New York State Bulk Power
Transmission Facilities will meet all applicable reliability criteria from 2021 through2030. Whilethe
NYISO finds that there are noremaining long-term reliability needs tobe addressedin this cycle of the
Reliability Planning Process, the marginto maintain reliability over the next ten years will narrow or could
be eliminated based upon changes in forecasted system conditions. Riskfactorssuch asdelayed
implementation of projectsin this plan, additional generator deactivations,unplanned outages, and

extreme weather could potentially lead to deficiencies in reliableelectric service in the coming years.

These risks may be mitigated by the NYISO’s markets. The markets are designed, and continue to
evolve and adapt, to send appropriate price signals for new market entry and retention of resources that
assistin maintaining reliability. The potential risks and resource needs identifiedin the analyses may be
resolved by new capacity resources coming into service, construction of additional transmission facilities,
and/or increased energy efficiency, distributed energy resources, and demand response. The NYISO will
continue to monitor these and other developments to determine whether changing systemresources and

conditions could impact the reliability of the New York bulkelectric grid.

Reliability Needs Resolved
The 2020 Reliability Needs Assessment (RNA), published in November 2020, provided an evaluation

and review of the reliability of the New Yorkbulk electric system, considering forecasts of peak power
demand, planned upgrades to the transmission system, and changes to the generation mix expected over
the nextten years. Grid reliability is determined by transmission security and resource adequacy.
Transmission security is the ability of the electric system to withstand disturbances such as electric short
circuits or unanticipated loss of system elements without involuntarily disconnecting firm load. Resource
adequacyis the ability of the electric system to supply the aggregate electricaldemand and energy
requirements of their customers, taking intoaccount scheduled and reasonably expected unsche duled

outages of system elements.

The RNA identified reliability criteria violations and system deficiencies primarily driven by a
combination of forecasted peakdemand and the assumed unavailability of 1,500 MW of generation in New
York City affected by the New York State Department of Environmental Conservation “Peaker Rule.” The
Peaker Rule will limit nitrogen oxides (NOx) emissions from simple-cycle combustion turbines in a phased
implementation from 2023 t02025. After the RNA was publishedand before pursuing a solicitation for
solutions, the NYISO considered subsequent updates to system plans. These updatesincluded areduced

demand forecast toaccount for economic and societal effects from the COVID-19 pandemic, and new local
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transmission plans and operating procedures by Con Edison for the New York City service territory. With

these updates, there are noremaining violations of reliability design criteria.

Risk Factors - Narrowing Reliability Margins
The finding of no reliability violations reflects the Reliability Planning Process assumptions, which are

setin accordance with applicable reliability design criteriaand NYISO’s procedures. There are, however,

risk factors that could adversely affect system reliability over the planning horizon.

Reliability margins will shrinkin upcoming years due primarily to the planned unavailability of simple
cycle combustion turbines that are impacted by the DEC’s Peaker Rule. Over the next ten-year period, the
NYISOis forecastinga decrease in energy usage due to energy efficiency initiatives and increasing amounts
of behind the meter solar generation. However, significant load-increasing impacts are forecasted as well
dueto electricvehicle usage, large cloud-computing data centers, and other electrification (i.e, conversion
of home heating, cooking, water heating and other end -usesfrom fossil-fuel based systems to electric
systems). The following figure shows the tightening of zonal resource adequacy margins for western New
York (Zone A), lower Hudson Valley (Zone G), New York City (Zone]), and Long Island (Zone K). New York
may experience even smallermargins ifadditional power plants becomeunavailableor if demand is

greater than currently designed for.

Zonal Resource Adeguacy Margins
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The dangers of severe weather impacting the grid have been demonstrated around the country in the
pastyear, with Texas experiencing a brutal polar vortex in February and California facing problems from
extreme heatlast summer. New Yorkis notimmune from such extreme weather, whichcould lead to
greater electrical demand and more forced generator outages than currently accounted for in the baseline

forecasts. In consideration of these risk factors, the New York grid may cross a “tipping point” in future
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years such that the transmission system could not fully serve the demand. The following figure shows the
transmission security margin in New York City for a variety of plausible conditions. The baseline analysis of
normal weather and limited generation outages shows a positive but narrowingtransmission security
margin across the ten-year period. The more extreme heatwave conditions evaluatedin the 1-in-10year
(90/10) and 1-in-100-year peak demand forecast scenarios combined with the impact of forced generation
outagesresultin deficiencies toserve demand in New York City in many of the years. This outlook could
improve as more resources and transmission are added to New York City. Through the quarterly Short-
Term Reliability Process and biennial Reliability Planning Process, the NYISO will continueto address

reliability issues identified for the ten-year planning horizon.

New York City Transmission Security Margin
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Road to 2040 - Reliability and Resiliency Challenges
The electricsystem is undergoing significant and rapid change. Part of the change is climate related,

which will drive more frequent extreme weather events and higher temperatures,thusimpacting the
ability of the grid to reliably serve electric demand. Partofthe change is the result of publicpolicies in
response to climate change. The Climate Leadershipand Community Protection Act (CLCPA), enacted in
2019, requires an economy-wide approach toaddressing climate change and decarbonization. This
includes sweeping mandates to deliver 70% of New York electricity from renewable resources by 2030
(“70x30”) and 100% emissions-free electricity supply by 2040 (“100x40”) while promoting electrification
in other sectors of the economy. Understanding the policy drivers and the impacts to the generation,
transmission, and load components of the bulk electric system is critical to understanding the challenges to

reliable electric service in the coming years.
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Transmission will play a key role in moving power from the renewable resources to the load centers.
Inresponse to the declaration of Public Policy Transmission Needs by the New York Public Service
Commission (PSC), the NYISO has already selected three major public policy transmission projects to
enable the delivery of renewable energy to consumers across New York State. These projectsare
scheduled to enter service within the next few years. Even after consideration ofthe benefits provided by
these projects scheduled to enter service withinthe next few years, the NYISO has identified several
renewable generation pockets across the whole state that could constrain output from renewable
resources, including offshore wind. In March 2021, the PSCissued an order declaring thatoffshore wind
goalsare driving the need for additional transmission facilities to deliver thatrenewable power from Long
Island tothe rest of New York State. The NYISO is evaluating transmission solutions to determinewhether
theyare viable and sufficient tomeet the PSC-identifiedneed and whether to select the more cost-effective

or efficient project to satisfy the need.

Most renewable generation is intermittent, and intermittent resources are not fully dispatchable due to
the variability of their “fuel” source. To maximize efficiencies, the location of these resources is dictated by
where the wind is most constant for wind resources or by where there is sufficientland for solar resources.
Thisresultsinland-based wind locating in northern and western New York and solar resources locating
upstate as well. Offshore wind would connect primarily into New York City and Long Island. The variability
of meteorological conditions that govern the output from wind and solar resources presents a fundamental
challenge torelying solely on those resources tomeet electricity demand. Solar resources will have littleto
no outputduringthe evening and nighttime hours and reduced output due to cloud cover, while wind
resources can experience significant and sustained wind lulls. Periods ofreduced renewable output will
occur for short durations due to cloud cover or changesin wind speed and for prolonged periods across a
daily/seasonal cycle. Sufficientresourcesto addressall conditions will be necessary to provide continued

reliability.

As thelevel of renewable resource generation increases, the grid will need sufficient flexible and
dispatchable resources tobalance variations in wind and solar output. The integration of batteries will help
store renewable energy for later use on the grid and is poised to help with the short duration and daily
cycles of reduced renewable output. Depending on the duration of need, enhancements to various market
design aspects may be required including reserves, regulation, ramping, and load forecasting. Looking
ahead to 2040, the policy for an emissions-free electricity supply will require the developmentofnew
technology. Substantial zero-emission dispatchableresources will be required to fully replace fossil
generation. Over the nextseveral years, NYISO market projects will continue toaddress the changes

needed in the energy and ancillary services as well as prepare the markets for new resource classes. These
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efforts will focus on improving signals for the characteristics and attributes needed for continued grid

reliability.

Most renewable generators will be connected to the grid asynchronously through power electronic
devices (i.e, inverter-basedresources). The ability ofinverter-based resources to function properly often
depends on the strength of the grid at or near the interconnection of the resources. Grid strengthisa
commonly used term to describe how the system responds to system changes (e.g., changes inload, and
equipment switching). Ina “strong” system, the voltage and angle are relatively insensitiveto changes in
currentinjection from the inverter-based resource. Inverter-based resources connecting toa portion of the
system rich in synchronous generation thatis electrically close or relatively large are likely connectingtoa
strong portion of the system. Inverter-based resources connected toa “weak” portion of the grid may be
subject toinstability, adverse control interactions,and other issues. Through assessments of short-circuit
ratios and voltage flicker described in this report, the NYISO has identified weak portions throughout the
New York grid thatare likely to experience system performanceissues without mitigation measures such

as the implementation of control systems and grid-forminginverters.

Road to 2040: Key Takeaways

m Transmission expansion is necessary throughout New York State in order to maximize access
torenewable resources.

m Climate change will impact meteorological conditions and events that introduce additional
reliability risks.

m Thevariability of output from wind and solar resources presents a fundamental challenge to
meeting electricity demand.

m Batterystorage resources help tofill in voidsin renewable resources output, but extended
periodsrapidly deplete storage capabilities.

m Dispatchable, emission-freeresources are neededtobalance renewable intermittency on the
system.

Future NYISO Studies
Through the Short-Term Reliability Process, the NYISO will conduct quarterly Short-Term

Assessments of Reliability (STARs) to assess reliability needs withina five-year horizon. Ifnecessary, the
NYISO will seek solutions to address any reliability needs identified throughthat process. The next cycle of
the Reliability Planning Process will begin in 2022, for which preparations will beginlate thisyear. The
2022 RNA will provide a new reliability assessmentbased on updated system models and assumptions,

and will review the status of the risk factors discussed in this CRP, together with other reliability issues.

For the first time, the NYISO is currently undertaking a 20 -year System & Resource Outlook, tobe
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issuedin 2022. The Outlook will provide a comprehensive overview of system resources and likely
transmission constraints throughoutNew York, highlighting opportunities for transmission investment
driven by economics and public policy. Together, the ComprehensiveReliability Plan and the System &
Resource Outlook will be the marquee NYISO planning reports thatwill collectively provide a

comprehensive power system outlook to stakeholders, developers, and policymakersevery year.
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Background

The 2021-2030 Comprehensive Reliability Plan (CRP) completes the NYISO’s 2020-2021 cycle of the
Reliability Planning Process. The 2020 Reliability Needs Assessment (RNA), approved by the NYISO Board

of Directorsin November 2020, was the first step ofthe NYISO’s 2020-2021 Reliability Planning Process

[link]. This 2021-2030 Comprehensive Reliability Plan (CRPJ follows the 2020 RNA and post-RNA updates

and completesthe 2020-2021 cycle ofthe Reliability Planning Process—This CRP also, and incorporates

findings and solutions from the quarterly Short-Term Reliability Process. A description ofthe Reliability

Planning Processis provided in Appendix G.

2020 Reliability Needs Assessment

The 2020 RNA provided an evaluation and review of the reliability of the New York Bulk Power
Transmission Facilities (BPTF) for the Study Period (2024-2030), considering forecasts of peak power
demand, planned upgrades to the transmission system, and changes to the generation mix expected over
the nexttenyears (2021-2030). The RNA assessed an actionable “base case” set of assumptions, as well as
various scenarios that are provided for information. The 2020 RNA base case included projected impacts
driven by limitations on generator emissions, whilethe scenariosincluded an in-depth look at certain
policy goals from the Climate Leadershipand Community Protection Act (CLCPA). The RNA alsodiscussed
the reliability risks associated with the cumulative impactof environmental laws and regulations, which

may affect the availability and flexibility of power plant operation.

The 2020 RNA identified violations or potential violations of reliability criteria (Reliability Needs) in
the actionable base case throughout the entire study period (2024-2030) due to dynamic instability,
transmission overloads, and /or resource deficiencies.! The issues identified wereprimarily drivenby a
combination of forecasted peakdemand and the assumed unavailability of certain generation in New York

City affected by the “Peaker Rule.”

In2019, the New York State Department of Environmental Conservation adopted a regulation tolimit
nitrogen oxides (NOx) emissions from simple-cycle combustion turbines (referred toas the “Peaker
Rule?”). Combustion turbines known as “peakers” typically operate to maintain bulk power system
reliability duringthe most stressful operating conditions, such as periods of peakelectricity demand. Many

of these units alsomaintain transmission security by supplying energy within certain constrained areas of

1 Effective May 1, 2020, the scope of the RNA is limited to years 4-10 of the planning horizon while the NYISO Short-Term Reliability Process is
responsible for years 1-3 and also assesses years 4-5.

2 https://www.dec.ny.gov/regulations/116131.html
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New York City and Long Island — known asload pockets3. The Peaker Rule, which phasesin compliance
obligationsbetween 2023and 2025, will impact turbineslocated mainly in the lower Hudson Valley, New
York City, and Long Island. The Peaker Rule required all impacted plant owners to file compliance plans by
March 2, 2020. The plans filed in 2020 indicate approximately 1,500 MW of peaker capability would be
unavailable during the summer by 2025 to comply with the emissions requirements. A subsetofthose

generators would be unavailable starting in 2023.

The 2020 RNA alsodiscussed the coronavirus outbreakand its significantimpacton New York’s
economy due to reductions in commercial and industrial activity as New Yorkers adjusted their lives by
working from home and limiting social interaction. Due tothe rapidly evolving natureofthe pandemic, the
demand forecasts utilized in the study reflectedthe NYISO’s perspective as of April 2020. The sudden
departure from historical behavioral patterns caused by New York’s response to COVID-19 is
unprecedented and creates unique challenges to forecasting the state’s energy needs. As the situation
evolvesand more databecomes available, the NYISO will continue to monitor these forecasts and adjust
course accordingly. As further described in the “Next Steps” section ofthe 2020 RNA, and alsobelow,
following approval of the RNA by the Board and prior to any solicitation of solutions, the NYISO considered
updatestothe peakload forecasts and determinedto what extent the forecasts impacted any identified

system needs.

AThe followingis a summary of the 2020 RNA Base Case findings-are below:. These findingswere

later revised following the post-RNA updates describedlater in this section.

* Dynamicstability Reliability Needs were observed for the entire Study Period. Followingthe
initial phase of the Peaker Rule in 2023, instability of the grid may have occurred due toa lack
of dynamicreactive power capability and inertia available to parts of the New York City grid.

The criteria violations included transient voltage responseviolations, loss of generator
synchronism, and undamped voltage oscillations.

= With fullimplementation of the Peaker Rule in 2025, several 345 kV circuits in the Con Edison
service territory would have been overloaded, resulting in Reliability Needs equating toa
deficiency of 700 MW and increasing to 1,075 MW by 2030. The duration of the deficiency
ranges from nine hoursin 2025 (3,853 MWh)to 12 hoursin 2030 (7,672 MWh).

= Similar transmission deficiencies would have also occurred withinpockets of Con Edison’s
non-bulksystem (138 kV) ranging in duration from 10 to 14 hours.

= Thestudied system exceeded the LOLEcriterion of one dayin 10 years, or 0.1 days per year,
startingin 2027, and increasing through 2030 resulting in a Reliability Need witha
compensatory MW amount of 350 MW in 2030.

8 The Con Edison criteria reference Transmission Load Areas, which are analogous to load pockets.
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Short-Term Reliability Process

In parallel with the RNA and CRP process, the NYISO hasimplementeda new quarterly Short-Term
Reliability Process (STRP), with its requirements prescribed in Attachments Y and FF ofthe NYISO’s Open
Access Transmission Tariff. The STRP evaluates the first five years of the planning horizon, with a focus on

needs arisingin the first three years of the study period. With this processin place, the biennial Reliability
Planning Process focuses on solutions to longer term needs through the Reliability Needs Assessment
{RNA)and the Comprehensive Reliability Plan {CRPJ..

The first step in the STRP is the Short-Term Assessmentof Reliability (STAR). STARs are performed
quarterly to proactively addressreliability needsthat may arise withinfive years (Short-Term Reliability
Needs)4due to various changes tothe grid such as generator deactivations, revised transmission plans, and
updated load forecasts. Transmission Owners (TO) also assess the impact of generator deactivationson
theirlocal systems. A Short-Term Reliability Need thatis observed within the first three years of the study
period constitutesa “Near-Term Reliability Need.”> Should a Near-Term Reliability Need be identified in a
STAR, the NYISO solicits and selects the solution toaddress the need. Ifaneed arises beyond the first three
years of the study period, the NYISO may choose to address the need within the STRP or, if time permits,

through the long-term Reliability Planning Process.

The 2020 Quarter 3 STARS found Short-Term Reliability Needs on the Bulk Power Transmission
Facilities (BPTF) startingin 2023 and increasing in scope and scale through 2025. Throughthe STRP, the
NYISO addressed the Near-Term Reliability Needs arisingin 2023, withthe needs arisingin 2024 and 2025
being addressed throughthe Reliability Planning Process. OnDecember3,2020,the NYISOissueda

a ONn-SoO on-regue nathae hm onofnronosed RP So aVa o-addre he 20 nee

other BPTF reliability needs have been identified and addressedin the STARs completed to date.

4 OATT Section 38.1 contains the tariff definition of a “Short-Term Reliability Process Need.”
5 OATT Section 38.1 contains the tariff definition of a “Near-Term Reliability Need.” See also; OATT Section 38.3.6.

6 https://www.nyiso.com/documents/20142/16004172/2020-03-STAR-Report-vFinal. pdf,
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Post-RNA Updates
After the 2020 RNA was approved and before a solicitation for solutions, the process considered
subsequentbase case updates that metthe inclusion rules. The following updates were made:

m NYISO’sload forecast update toaccount for the expected impact of COVID-19 and the

associated economic and societal effects, as presented at the November 19,2020
ESPWG/TPAS/LFTF meeting [link]

* Forexample, the ZeneJNew York City peakload forecast decreased by 392 MW in 2030
m Local Transmission Owner Plans (LTPs) updates toaddresslocal reliability deficiencies as
presented by Con Edison at the January 25,2021, ESPWG/TPAS [link]:
*  Anew345/138kVPAR controlled 138 kV Rainey - Corona feeder (ISD 2023)

* Anew345/138kVPAR controlled 138 kV Gowanus - Greenwood feeder (ISD 2025)

* Anew345/138KkVPAR controlled 138 kV Goethals - Fox Hills feeder (ISD 2025)

m  Short Term Reliability Process solution for addressing the 2023 short-term need identifiedin
the 2020 Q3 STAR [link]. The solution changed the planned operating status of existing series
reactors, starting summer 2023 through 2030:

* In-service: seriesreactors on the following 345 kV cables: 71,72, M51, M52
* Bypass: seriesreactors on the following 345 kV cables’: 41,42,Y49

m Thetransientvoltage response issues were observed on Con Edison’snon-BPTF system during
2025 through 2030, while the BPTF violations were observed startingin 2029. Con Edison will
address the non-BPTF violations with a Corrective Action Plan asrequired by NERC Standard
TPL-001-4. Whenthe non-BPTFviolations are addressed, the BPTF violations are nolonger
observed-|. [link]

With these base case updates, there is noremaining Reliability Need throughout the 2024-2030 RNA
study period, and the NYISO will not solicit solutions in the 2020-2021 cycle of the Reliability Planning

Process. Additionally besidesthe 2020 Quarter3-STAR nootherreliabilityneedshave beenidentifie

7 Additional LTPs were subsequently presented by the Transmission Owners, such as further changing the status of the series reactors on Con
Edison’s cables #41 and #42 from assumed bypassed in this CRP (starting 2023) to in-service, starting summer 2025 - details in the July 23,
2021 ESPWG Con Edison’s presentation [link]. This change is reflected in the 2021 Q3 STAR [linkmedels—which-targetsOeteber 432024 FoF
eompletion—and—pesting:].
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Comprehensive Reliability Plan for 2021-2030

The Comprehensive Reliability Plan toreliably serve New York demand for the 2021-2030timeframe
incorporates forecasting the balance between generation, load, and transmission. A key part ofthe
reliability processis toapply conservative inclusion rules so that only those projects that have a high level
of certainty of being completed are planned for. This often results in only limited amounts of generation
and transmission projects beingincluded in the base case. The following section summarizes the key future
projects and assumptions that have been includedas part ofthe Comprehensive Reliability Plan, and the

resultant reliability metrics for the system as planned.

Generation

Error! Reference source not found. shows the planned additional generation resources included as
partof the CRP. These resourcesinclude a total of 546.4 MW of land-based wind generation and 22.9 MW
of solar generation plannedtobe in-service by summer 2022, with an additional 100 MW ofland-based

wind generation by summer 2023.

Figure 1: Planned Additional Generating Resources (Nameplate MW)

Planned Additional Generating Resources
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The 2020 Load and Capacity Data Report (“Gold Book”) provides an in-depth review of the load
forecastand changing resource mix. In general, the baseline forecast published in the 2021 Gold Book s
lower than the level published in the 2020 Gold Book. The lower forecasted growth in energy usage can be

attributed primarily toincreased projected load reductions due to energy efficiency programs, increased
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load reductions due to stronger projected growth in behind -the-metersolar PV, and continuing economic
impacts caused by the recession brought on by the COVID-19 pandemic. Figure 1 shows the forecasted
NYCAload under baseline normal weather conditions aswell as 90t (1-in-10 or 90/10) and 1-in-100 peak

forecasts due to more extreme weather variations—Thechangingresource mixshownin Eigure XX includes

thenewgeneratingresources{shownin Figure XX} such as wellasotherplanned generation
removals:heatwaves.

Figure 2: Statewide Summer Peak Load and-Generation-Resources®Forecasts
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Planned additions tothe New York transmission system include the following:
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m June 2022: The NextEra Empire State Line Projectthat was selected by the NYISO Board of
Directorsin October 2017 to address the Western New York Public Policy Transmission Need.

m December 2023: The Segment A, AC Transmission joint project, by LS Power and New York
Power Authority (NYPA) that was selected by the NYISO Board of Directorsin April 2019.

m December 2023: The New York Transco Segment B, AC Transmission project, alsowas
selected by the NYISO Board of Directors in April 2019.
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m Transmission Owner Local Transmission Plans (LTP) that meet the Inclusion Rules which
includes:

e Summer2021: National Grid Clay #3 115 kVline uprate (in servicej).
e Summer2021: National Grid Clay #10 115 kVline uprate (in servicej).
e Summer2023: Orange & Rockland Lovett 345/138 kV substation.

o Summer2023: Con Edison new 345/138 kVPAR controlled 138 kV
Rainey - Corona feeder.

o Summer2025: Con Edison new 345/138 kVPAR controlled 138 kV
Gowanus - Greenwood feeder.

o Summer2025: Con Edison new 345/138 kVPAR controlled 138 kV
Goethals - Fox Hills feeder.

m In-service, starting summer 2025:series reactors on the following Con Edison 345 kV cables:
71,72,M51,M52.

m Bypass, starting summer 2025:series reactors on the following Con Edison 345 kV cables: 41,
42,Y49.

[tis importanttonote thatthe NYISO Interconnection Queue contains an unprecedented number of

proposed projects in various stages of development. The NYISO’s Gold Book Tables IV and VII contain

proposed generation and transmission projects thatare in a more advanced stages of the interconnection

process, of which only a few passed-thereliabilityplanninginclusionrulesforhave achievedsufficient

milestonestobeincluded in this CRP.

Reliability Metrics
With the CRPbasecaseplansand assumptions describedabove, and in the Appendix xxB, the system

as planned meets all applicablereliability criteria for the entire study period. Gridreliability is determined

by transmission security and resource adequacy. Transmission security is the ability ofthe electric system

to withstand disturbances such as electric short circuits or unanticipated loss of system elements without

involuntarily disconnecting firm load. Resource adequacy is the ability ofthe electric systems to supply the

aggregate electricaldemandand energy requirements of their customers, taking intoaccount scheduled

and reasonably expected unscheduled outages of system elements. The NYISO assesses grid reliability with

metricsincluding transmission security margins, loss ofload expectation, zonal resource adequacy

margins, and binding interfaces.

Transmission Security Margins
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of COVID-19 and associated economicand socjetal effects. The total statewide reduction in

forecast for the summer 2025 peakload is 240 MW, and for the 2030 peakload the reduction is

383 MW. Specifically, the New York City peakload forecast decreased by 323 MW in 2025 and

] 1 ontinuetoe a hetfhe Nead 1sein hseauenthbhienni a

Reliability Planning ProcessThe second update involved the Con Edison LTP updates to

addresslocal thermal deficiencies in their Astoria East/Corona138 kVand Greenwood /Fox
Hills 138 kV Transmission Load Areas. The Con Edison LTP update included three new
345/138 KVPAR-controlled feeders at Rainey — Corona, Gowanus - Greenwood, and Goethals -

Fox Hills. These projects reduce the transient voltageresponse issue, as well as inthe

guarterly Short Term Reliability Process{STRP}.unbottle Staten Island resources.

m__ Thethird update was the Con Edison series reactor status change that balancedthe flows on
the bulksystem and alsoresulted in areduction of the transient voltage response issue.

Including these projects resulted in a very small transmission security margin in New York City

in 2030 before thermal overloads occur.? Due to the narrow margin, it is plausible for changes in

assumed conditions to occurand “tip” the system into a violation of transmission security design

criteria. Under currentapplicable reliability rules and procedures,a violation would be identified when

the transmission security margin is negative for the base case assumptions (e.g., baseline load forecast and

no pre-contingency unscheduled forced outages).

Within the Con Edison service territory, the 345 kV transmission system along with specific portions

of the 138 kV transmission system are designed for the occurrence of two non-simultaneous outages and a

return tonormal ratings (N-1-1-0).10 Figure 4 provides a summary of the New York City (Zone ])

transmission security margin (line-item M), considering the mostlimiting outage combination of the

Ravenswood 3 generator followed by the outage of the Mott Haven — Rainey 345 kV (Q12) cable. The

transmission security margin underbaseline load conditions with this contingency combination ranges

from 1,714 MW in2022to 42 MW in 2031. Details of the tipping point evaluations are providedin

Appendix D.

considering the possible combinations of N-1-1-0 events,these caninclude a mix of generation and

transmission, two transmission events, or two generation events. Figure 3 shows the transmission security

9 https://www.nyiso.com/documents/20142/19415353/07 2020-2021RPP_PostRNABaseCaseUpdates. pdf,

19 con Edison, TP-7100-18 Transmission Planning Criteria, dated August 2019
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margin for the outage combinations of: Ravenswood 3 and Mott Haven — Rainey 345 kV (Q12) 345 kV,

Ravenswood 3 and Bayonne Energy Center,and Sprain Brook-W. 49th

other New Yorkzones is 3,191 MW. The outage combination thatresultsin the lowest interface flow (loss

of M51/M52)does not necessarily resultin the worst design criteriatransmission security margin.

Figure 3: New York City Transmission Security Margins for Key Contingency Events

New York City Transmission Security Margin
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Considering the baseline peakload transmission security margin, many differentcombinations of

generation outages orload increases beyond the current forecast would resultin a deficiency within New

York City. For example, any additionalload increase, generator outage, or combination more than 394 MW

will tip New York City beyond its margin by 2025. The fluctuations in transmission security margin from

year-to-year resultfrom the combined impact of the Peaker Rule and load forecast.

As shown in Figure 5 under baseline load conditions, the statewide system margin (line item H) ranges

between 2,303 MW in 2022t01,318 MWin 2031. The annual fluctuations are driven by the changesin

generation and theload forecast. Itis possible for other combinations of events to tip the system beyond
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its margin, such asincreasedload or a combination of reductions in total resources and load, as discussed

furtherin the Risk Factors section of thisreport.
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Figure 4: New York City Transmission Security Margin (Summer Baseline Peak Forecast - Normal Operations)

Peak Load Forecast

Line Item 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031
A Zone J Load Forecast (11,216)| (212,075)| (11,052)| (11,029)| (11,031)| (11,082)| (11,151)| (11,232)| (11,308)| (11,381)
B 1+K to J (3) 3,904 3,904 3,904 3,904 3,904 3,904 3,904 3,904 3,904 3,904
C ABC PARs to J (11) (12) (11) (12) (11) (12) (11) (12) (11) (12)
D Total J AC Import (B+C) 3,893 3,893 3,893 3,893 3,893 3,893 3,893 3,893 3,893 3,893

Loss of Source Contingency (980) (980) (980) (980) (980) (980) (980) (980) (980) (980)

F Resource Need (A+D+E) (8,203)| (8,162)| (8,139)| (8,116) (8,118)] (8,169)| (8,238)| (8,319)| (8,395)| (8,468)
G Resources needed after N-1-1 (A+D) (7,223) | (7,182) | (7,159) | (7,136) | (7,138) | (7,189) | (7,258) | (7,339) | (7,415) | (7,488)
H J Generation (1) 9,602 8,809 8,809 8,195 8,195 8,195 8,195 8,195 8,195 8,195
| Temperature Based Generation Derates (2) 0 0 0 0 0 0 0 0 0 0
J Net ICAP External Imports 315 315 315 315 315 315 315 315 315 315
K Total Resources Available (H+I+J)) 9,917 9,124 9,124 8,510 8,510 8,510 8,510 8,510 8,510 8,510
L Resources available after N-1-1 (E+K) 8,937 8,144 8,144 7,530 7,530 7,530 7,530 7,530 7,530 7,530
M |  Transmission Security Margin (F+K) | 1,714 962 985 394 392 341 272 191 115 42

MW outp 0 enerati is base he ratio ofsola nameplate capaci 0 ] able 1-9a) a

9c¢), De-rates for run-of-river hydro are_included as well as the Oswego Export limit of for all lines in-service,
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Figure 5: Statewide System Margin (Summer Baseline Peak Forecast — Normal Operations)

Peak Load Forecast

Line Item 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031
A NYCA Generation (1) 35,257 34,307 34,297 33,684 33,679 33,679 33,674 33,669 33,664 33,659
B External Area Interchanges (2) 1,844 1,844 1,844 1,844 1,844 1,844 1,844 1,844 1,844 1,844
C Temperature Based Generation Derates 0 0 0 0 0 0 0 0 0 0
D Total Resources (A+B+C) (3) 37,101 36,151 36,141 35,528 35,523 35,523 35,518 35,513 35,508 35,503
E Load Forecast (32,178) | (31,910) | (31,641) | (31,470) | (31,326) | (31,278) | (31,284) | (31,348) | (31,453) | (31,565)
F Operating Reserve Requirement (2,620) | (2,620) | (2,620) | (2,620) | (2,620) | (2,620) | (2,620) | (2,620) | (2,620) | (2,620)
G Total Capability Requirement (E+F) (34,798)| (34,530)| (34,261)| (34,090)| (33,946)| (33,898)| (33,904)| (33,968)| (34,073) (34,185)
H | Statewide System Margin (D+G) | 2303 | 1,621 | 1,880 | 1,438 | 1,577 | 1,625 | 1,614 | 1,545 | 1,435 | 1,318 |

3. Special Case Resources (SCRs) are assumed to be zero under normal operations.
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Loss of Load Expectation
The NYCA loss of load expectation (LOLE in days/year) resultsareprovidedin-through the ten-year

planning horizon is within reliability criteria, as shown in Figure 6. For reference, the previous results

from the 2020 RNA are provided along with the current results for this 2021-2030 CRP. LOLE accounts for
events but does not account for the magnitude (MW) or duration (hours) of the deficit. Therefore, two
additional reliability indices are added for information purposes: loss of load hours (LOLH in hours/year);)

and expected unserved energy (EUE in MWh /year).11

LOLEis generally defined as the expected (weighted average) number of daysin a given period (e.g.,
one study year) when for atleast one hour from that day the hourly demand is projected to exceed the
zonal resources (event day). Within a day, if the zonal demand exceeds the resources in at least one hour of
that day, thiswill be counted as one eventday. The criterionisthatthe LOLE not exceed one dayin 10

years, or LOLE < 0.1 days/year.

| LOLH is generally defined*2 asthe expectednumber of hours per period (e.g., one study year) when a
system’s hourly demand is projected to exceed the zonal resources (event hour). Within an hour, ifthe

zonal demand exceeds the resources, this will be counted as one event hour.

| EUE, alsoreferred toas loss of energy expectation (LOEE), is generally defined +3 as the expected
energy (MWh) per period (e.g., one study year) when the summation of the system’s hourly demand is
projected to exceed the zonal resources. Within an hour, ifthe zonal demand exceeds the resources, this

deficit will be counted toward the system’s EUE.

While the resource adequacy reliability criterion of 0.1 days/year established by the NYSRC and the
NPCCis compared with the loss of load expectation (LOLE in days/year) calculation, currently thereis no

criterion for determining a reliable systembased on the LOLH and EUE reliability indices.

1 NYSRC’s “Resource Adequacy Metrics and their Application”:
https://www.nysrc.org/PDF/Reports/Resource%20Adequacy%20Metric%20Report%20Final%204-20-2020[64 31]. pdf
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Figure 6:-: Loss of Load Expectation Metrics

2020 RNA Base Case

2021-2030 CRP Base Case
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Study Year LOLE LOLH EUE Study Year LOLE LOLH EUE
(dy/yr) (hr/yr) (MWh/yr) (dy/yr) (hr/yr) (MWh/yr)
2021 0.017 0.063 34.0 2021 0.017 0.064 35.3
2022 0.019 0.061 28.7 2022 0.017 0.055 26.6
2023 0.041 0.125 61.6 2023 0.034 0.106 50.8
2024 0.038 0.125 69.3 2024 0.024 0.083 47.2
2025 0.085 0.265 138.3 2025 0.036 0.118 69.3
2026 0.097 0.315 178.3 2026 0.038 0.131 83.7
2027 0.118 0.379 208.6 2027 0.040 0.139 93.2
2028 0.135 0.421 215.4 2028 0.047 0.146 83.4
2029 0.170 0.548 308.2 2029 0.060 0.199 137.2
2030 0.187 0.609 354.1 2030 0.064 0.212 156.2
Notes:

» LOLE;: Loss ofload expectation (days peryear). The criterionis thatthe LOLE notexceed oneday in 10 years, or

LOLE <0.1 days/vear.

* LOLH;ané: Loss ofload hours (hours peryear).

» EUE-Resuits: Expected unserved energy (megawatt-hours peryear).
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2020 RNA Base Case

2021-2030 CRP Base Case
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Study Year LOLE LOLH EUE Study Year LOLE LOLH EUE
(dy/yr) (hr/yr) (MWh/yr) (dy/yr) (hr/yr) (MWh/yr)
2021 0.017 0.063 34.0 2021 0.017 0.064 35.3
2022 0.019 0.061 28.7 2022 0.017 0.055 26.6
2023 0.041 0.125 61.6 2023 0.034 0.106 50.8
2024 0.038 0.125 69.3 2024 0.024 0.083 47.2
2025 0.085 0.265 138.3 2025 0.036 0.118 69.3
2026 0.097 0.315 178.3 2026 0.038 0.131 83.7
2027 0.118 0.379 208.6 2027 0.040 0.139 93.2
2028 0.135 0.421 215.4 2028 0.047 0.146 83.4
2029 0.170 0.548 308.2 2029 0.060 0.199 137.2
2030 0.187 0.609 354.1 2030 0.064 0.212 156.2

Zonal Resource Adequacy Margin{ZRAM}Margins

Resource adequacy simulations were performed on the CRP base cases!4todetermine the amountof
“perfect” capacity” in each zone that could be removed before the NYCA LOLE reaches 0.1 days/year (one-
event-day-in-ten-years), and to offer another relative measure of how close the system is from not having

adequate resourcestoreliably serveload. Asshown in Figure 7This, this analysis found tightening

margins across the New York grid through time, with a margin of only 200 MW in New York City
(Zone]) and only 700 MW in western New York (Zone A) by 2030.

Figure 7: Summary of Key Zonal Resource Adequacy Margins

Zonal Resource Adequacy Margins
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“The CRP base cases already reflectthe DEC Peaker Rule compliance plans submitted by theaffected generation
ownersto DEC; summarized in the assumption’s tables from Appendix B of this report.
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Resource capacity is reduced one zone ata time to determine when violations occur, in the same
manner as the compensatory “perfect” MW are added to mitigate resource adequacy violations, but with
the opposite impact. “Perfect capacity” is capacity thatisnot derated (e.g., due to ambient temperature or
unit unavailability), not subject toenergy durations limitations (i.e., availableat maximum capacity every
hour of the study year), and not tested for transmission security or interface impacts. A map of NYISO

zones is shown in Figure 8The, and the zonal resource margin analysis (ZRAM) is summarizedin Figure 9.
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Figure 8: NYISO Load Zone Map

&= New York ISO

A - West
B - Genesee
C - Central
D - North
s - E - Mohawk Valley
B F - Capital
G - Hudson Valley
c H - Millwood
A B | - Dunwood
J - New York City
G K - Long Island
Figure 9: CRP Base Cases:: Zonal Resource Adequacy MarginMargins (MW)
Study Year LOLE Zone A Zone B Zone C Zone D Zone E Zone F Zone G Zone H Zone | Zone Zone K
2024 0.02 -950 EZR -1850 -1800 EZR -1850 -1850 EZR EZR -750 -1350
2025 0.04 -1000 EZR -1550 -1550 EZR -1550 -1550 EZR EZR -500 -1200
2026 0.04 -950 EZR -1500 -1500 EZR -1450 -1500 EZR EZR -500 -1250
2027 0.04 -850 EZR -1400 -1400 EZR -1400 -1400 EZR EZR -400 -1250
2028 0.05 -900 EZR -1300 -1250 EZR -1300 -1300 EZR EZR -350 -1150
2029 0.06 -750 -750 -950 -950 -950 -950 -950 EZR EZR -250 -1000
2030 0.06 -700 -700 -800 -800 -800 -800 -800 EZR EZR -200 -850
Study Year LOLE Zone A Zone B Zone C Zone D Zone E Zone F Zone G Zone H Zonell ZoneJ Zone K
2024 0.02 -950 EZR -1850 -1800 EZR -1850 -1850 EZR EZR -750 -1350
2025 0.04 -1000 EZR -1550 -1550 EZR -1550 -1550 EZR EZR -500 -1200
2026 0.04 -950 EZR -1500 -1500 EZR -1450 -1500 EZR EZR -500 -1250
2027 0.04 -850 EZR -1400 -1400 EZR -1400 -1400 EZR EZR -400 -1250
2028 0.05 -900 EZR -1300 -1250 EZR -1300 -1300 EZR EZR -350 -1150
2029 0.06 -750 -750 -950 -950 -950 -950 -950 EZR EZR -250 -1000
2030 0.06 -700 -700 -800 -800 -800 -800 -800 EZR EZR -200 -850

Notes:

¢ Negative numbers indicate the amount of “perfect MW” that can be removed from a zone without causinga violation.
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» EZR - Exceeds Zonal Resources (all generation can be removed without causing a violation).

» The generation pockets in Zone] and Zone K are notmodeled in detail inMARSfor this analysis and the margins
identified here may be smaller as aresult.

The ZRAM assessment identifies a maximum level of “perfect capacity” that can be removed from each
zone without causing NYCA LOLE criterion violations. However,the impacts of removing capacity on the
reliability of the transmission system and on transfer capability are highly location dependent. Thus in
reality, lower amounts of capacity removal are likely toresult in reliability issues at specific transmission
locations. With these simulations, the NYISO did not attempt to assess a comprehensive set of potential
scenarios that might arise from specificunit retirements. Therefore, actual proposed capacity removal from
any of these zones would need to be further studied in light of th e specific capacity locations in the
transmission networkto determinewhether any additional violations of reliability criteria would result.
Additional transmission securityanalysis, such as N-1-1steady-state analysis, transient stability,and short
circuit, would be necessary under the applicable process for any contemplated plant retirement in any

zone.

Binding Interfaces

To determine whether-ernot a specific transmission interface impacts systemresource adequacy,

‘free-flow’ simulations were performed for targeted interfaces. This isimplementedinresource adeguacy

modelsbyremovinganalysis removes the limit on various transmission interfaces in resource adequacy

models, either one at the time, or in various combinations (i.e., “free flow”). A decreaseinthe NYCA LOLE
resulting from removal of an interface limit isan indication that the flow of power across the interface is
“binding” due to transmission constraints.

The results of these simulations areshown in Figure 10.

Figure 10: Binding Interface Analysis
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2021-2030 CRP Base Case
NYCA LOLE (days/year)
Study Year | Base Case | Unlimited | Unlimited | Unlimited | Unlimited
I-to-J G-to-H G-to-H NYCA
and I-to-J | 'Free Flow'
(Dunwoodie| (UPNY-
South) ConEd)
2024 0.024 0.021 0.024 0.021 0.019
2025 0.036 0.027 0.035 0.025 0.022
2026 0.038 0.029 0.038 0.028 0.023
2027 0.040 0.028 0.039 0.026 0.021
2028 0.047 0.034 0.046 0.030 0.025
2029 0.060 0.043 0.059 0.037 0.029
2030 0.064 0.045 0.063 0.035 0.028

The results show that:

m Thesystem resource adequacy improves when the Dunwoodie South interface constraints
(Zonel to Zone]) are alleviated, whichis an indication that the transmission interface is
“binding.” In other words, ifthe Dunwoodie South interface limits increase due toa system
change such as a transmission upgrade, grid resource adequacy would improve. The extent of
improvementtoresource adequacy would depend on the nature of the system change.

m Thegrid resource adequacyis not materially impacted by the UPNY-ConEd constraints (Zone G
to Zone H), due to the fact that most of the loss-of-load eventsare in Zone ], and the Dunwoodie

South interface ‘binds’ first. Therefore,an upgrade toonly UPNY-ConEd and not Dunwoodie
South would not provide a material resource adequacy benefit.

m  Whenboth the Dunwoodie South and UPNY-ConEd interface constraints are alleviated
together, grid resource adequacy is improved more so than if Dunwoodie South alone is
upgraded.

m Thedifferencein LOLE between the “NYCA free flow” case and the case when Dunwoodie
South and UPNY-ConEd are unlimited is only approximately 0.005, which indicates that there

is almostno further resource adequacy improvementthat would be achieved from increasing
additional interface limits for the planned base case conditions.
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Peak Load Forecast

Line Item 2022 [ 2023 2024 2025 | 2026 | 2027 2028 2029 [ 2030 2031
A ZoneJ Load Forecast|  (11,116)]  (11,075)]  (11,052)]  (11,029)] (11,031)] (11,082)] (11,151)] (11,232)] (11,308)] (11,381
B [1+KtoJ(3) 3,904 3,904 3,904 3,904 3,904 3,904 3,904 3,904 3,904 3,904
C  |ABCPARsto) (11) (11) (11) (11) (11) (11) (11) (11) (11) (11)
D Total J AC Import (B+C) 3,893 3,893 3,893 3,893 3,893 3,893 3,893 3,893 3,893 3,893
E Loss of Source Contingency (980) (980) (980) (980) (980) (980) (980) (980) (980) (980)
F Resource Need (A+D+E) (8,203) (8,162) (8,139) (8,116) (8,118) (8,169) (8,238) (8,319) (8,395) (8,468)
G Resources needed after N-1-1 (A+D) (7,223) (7,182) (7,159) (7,136) (7,138) (7,189) (7,258) (7,339) (7,415) (7,488)
H __ [) Generation (1) 9,602 8,809 8,809 8,195 8,195 8,195 8,195 8,195 8,195 8,195
| Temperature Based Generation Derates (2) 0 0 0 0 0 0 0 0 0 0
) |Net ICAP External Imports 315 315 315 315 315 315 315 315 315 315
K Total ilable (H+1+]) 9,917 9,124 9,124 8,510 8,510 8,510 8,510 8,510 8,510 8,510
L Resources available after N-1-1 (E+K) 8,937 8,144 8,144 7,530 7,530 7,530 7,530 7,530 7,530 7,530
M ] I Margin (E+K)| 1,714 962 985 394 392 341 272 191 115 42
ates—Forthi hation

+=Reflects—the2021-GeldB

o T | Iﬁl | A e
2.1 Thelillta 1
s
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Peak Load Forecast

Line Item 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031
A |NYCA Generation (1) 35257 | 34,307 | 34,297 | 33684 | 33679 | 33679 | 33,674 | 33,669 | 33,664 | 33,659
B |External Area Interchanges (2) 1,844 1,844 1,844 1,844 1,844 1,844 1,844 1,844 1,844 1,844
C Temperature Based Generation Derates 0 0 0 0 0 0 0 0 0 0
D Total Resources (A+B+C)| 37,101 | 36,51 | 36141 35528| 35523| 35523| 35518| 35513 35508 | 35,503
E  [Load Forecast (32,178) | (31,910) | (31,641) | (31,470) | (31,326) | (31,278) | (31,284) | (31,348) | (31,453) | (31,565)
F Operating Reserve Requirement (2,620) (2,620) (2,620) (2,620) (2,620) (2,620) (2,620) (2,620) (2,620) (2,620)
G Total Capability Requirement (E+F)]  (34,798)]  (34,530)] (34,261)] (34,090)] (33,946)] (33,898)] (33,904)] (33,968)] (34,073)] (34,185)
H | Transmission Security Margin (D+G)| 2,303 | 1,621 | 1880 | 1,438 | 1577 | 1625 | 1614 | 1545 | 1435 | 1318 |
Netes:
El existine epmapaon canaai asrast dadditi = ficzati == 4 Eopili
sl e med=—teh OMWgutput—solar-generation—ishased-en-theraticefselar P pameplate
3 2021 Cca1d D l-Toll 1.Qa) pa | 1 D1 1 H 2021 Cca1d D l-Toll 1.0 Do ratoc for rauan of rivzor
eapacise{ i ar B et £ 3 koo s

H H Lisdad 11l £l raY £ 15 i ££, 111 H H
hydrois=n as ge—Fuo ot pes-—in=service:
E 3 hﬁtglﬁgialﬁggs ar N =i ERA LG MMIALG 1

Risk Factors to the Comprehensive Reliability Plan

The RNAand CRPReliability Planning Process findings reflect the base case assumptions, which were
setin accordance with NYISQ’sapplicable reliability rules and procedures. Complete detailsofthe

There are, however, risk factors that could adversely affect the implementation of the plan and hence
system reliability over the 2024-2030 planning horizon. Ifany of these factors materialize, the NYISO will
assess the potential impacts and, if necessary, perform an evaluation to determine whether the NYISO
should solicit solutions under the Generation Deactivation Process or Gap Solution Process, asrequired.

1--Changes to Availability and Performance of System Resources

Substantial uncertainties existin the next ten years that willimpact thesystem resources. These

uncertaintiesinclude, butare notlimitedto:

a) Ifexpected generation projectsare notbuilt, a system deficiency may occur. The base casesinclude

approximately 670 MW of assumed generation additions in various planning stages,and

peak{see AppendixCfordetails).. The 2020 RNA alsoincluded a “status-quo” scenario. This

scenario evaluated the reliability of the system under the assumption that nomajor transmission or

generation projects come to fruition within the RNA-Study Period-study period. Thisincluded the
removal of all proposed transmission and generation projects that haved met 2020 RNA Base

Casetheinclusionrules and removal of generators that require modifications to comply with the
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DEC’s Peaker Rule. From aresource adequacy perspective,this scenarioindicates that fremif

expected generation and transmission projects are not built, the LOLE criterion violation advances

to earlier years within the study period. Fromatransmission security perspective,N-1-1steady

state issuesinaddition tothose observed in the RNA baseline results may also occur.

b) Ifadditional generating units become unavailable or deactivate beyond those units already planned

for, theNew Yorkreliability ofthe New York Control Area {NYCA) could be adversely affected._The

base casesinclude approximately 5,150 MW of assumed generation deactivations or unavailability

during the summer peak (see Appendix B for details). There are numerous risk factors related to

the continued viability, compliance with emissions requirements, and operation of aging generating
units. Depending on the units affected, the NYISO may need to take actions through its Short-Term
Reliability Process tomaintain reliability. The scenarios performedas part ofthe RNA indicated
that the deactivation of additional generators could lead toreliability needs, in the absence of any

other changes to transmission and/or generation.

c) Capacityresources could decide to offer into marketsin other regions and, therefore, some of the

capability ofthose resources may not be available tothe NYCA. Accordingly, the NYISO will

continue to monitor imports, exports, generation, and other infrastructure.

1Iroine and 1o Cl- CQ Cdll - DINE CAPJd CACNINg dN 42€ 4t Wi (1, N1dU101NJ d Vd

imi i i sshown in Figure 11,by 2028 more than 8,300 MW of

gas-turbine and steam-turbinebased capacity in New Yorkwill reach an age beyond which 95% of these

types of generators have deactivated.

Figure 11: Cumulative NYCA Nameplate Capacity MW Past the Age When 95% of Similar Units Have Retired
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The impact of the unavailability of system resources can readily be seen through tipping point
evaluations. While transmission security within New York City (Zone ]) is maintained through the
ten-year period in accordance with design criteria, the margin would be very tight starting in 2025

and would be deficient beginning in 2028 if forced outages are experienced at the historical rate-

forced generatoroutagesfor New YorkCityare, as shown in Figure 12 Whiletransmission.19

Transmission security within BSEG-LonglIsland (Zone K) is also maintained throughthe ten-year period-in
accordance, with designcriteriathe marginisslimmestmargin in the first few years as shown in Figure
13oftheten-yearperiod.. [fforced outagesare experienced at the historical ratethe LongIsland margin
would be sufficient through the study period.

19 Additional transmission, resources, or demand reduction within New York City may increase the margin and reduce the likelihood of future
reliability needs.
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Figure 12: New York City Summer-Transmission Security Margin (Summer Baseline Peak Forecast-- Normal
Operations)
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New York City Transmission Security Margin
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Figure 13: PSEG-: Long Island Summer-Transmission Security Margin (Summer Baseline Peak Forecast -- Normal

Operations)
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Long Island Transmission Security Margin
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Completion of Public Policy Transmission Plans
There are several public policy transmission developments in progress that will increase the system

capability totransport powers:, As partofthe NYISO’s Public Policy Transmission PlanningProcess, the

New York State Public Service Commission (PSC) hasidentified needs to expand the state’s transmission

capability to deliver additional power from generatingfacilities located in upstate New York, including

importantrenewable resources, to the population centers statewide.

m The Western NY Public Policy Transmission Project (the Empire State Line Proposal 1, Q545A),
developed by NextEra Energy Transmission New York, Inc., was selected by the NYISO Board
in October 2017 and was included in the reliability plan starting withthe 2018 RNA. This
projectincludes anew 345 kV circuitand phase angle regulator (PAR) that will alleviate
constraints in the Niagara area. The plannedin-service date for this projectis summer2022.

m Thesolutionsto the AC Transmission Public Policy Transmission Needs were reflectedin the
2 020 RNA base case and are now included in this rellablllty plan A—s-pa%t—ef—t—h%NéﬂSO—s—Bu—bl—x-e

FM@%M@M%@@%@M@W%OH Aprll 8,2019, the NYISO Board of
Directors selected the Double-Circuit project (Q556) proposed jointly by LS Power Grid New

York and the New York Power Authority as the more efficient or cost-effective transmission
solution to address Segment A. The Board alsoselected the New York Energy Solution project
(Q543) proposed jointly by Niagara Mohawk Power Corporation d/b/a National Grid and the
New York Transco, LLC as the more efficient or cost-effective transmission solution toaddress

Segment B. The planned in-service date for the Segment A and SegmentB projects is winter
2023.

As these transmission projects enter service, reliability of the New York grid will improve. If

the projects were to be delayed for any reason, there would be an increased risk to grid reliability.

As an example ofthe reliability benefits provided by the projects, the AC Segment B project has a direct
impact on the Lower Hudson Valley transmission security margin. Figure 14 showshow the transmission
security margin changes throughtime in consideration of the mostlimiting contingency combination for
the yearbeingevaluated. Inyears2022and 2023 (prior tothe completion ofthe Segment B project) the
most limiting contingency combination to the transmission security margin under peakload conditionsis
theloss of Leeds-Pleasant Valley (92) 345 kV followed by the loss of Dolson — Rock Tavern (DART44) 345
kV and Coopers Corners - Rock Tavern (CCRT34) due tocommon towers. For the remainder ofthe years
the contingency combination changes to the loss of Ravenswood 3 followed by the loss of Pleasant Valley -

Wood St.345kV (F30/F31).
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Figure 14:Lower Hudson Valley Summer-Transmission Security Margin (Summer Baseline Peak Forecast -- Normal
Operations)
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Completion of Local Transmission Owner Plans

Thelocal transmission owner plans (LTPs) are an important part of the overall Comprehensive System
Planning Process and the findings of this CRP. The 2020 RNA identified transmission security criteria
violations, as well as resource adequacy violations. The process allows for subsequent updates, which
included three projects in Con Edison: anew 345/138 kV PAR controlled 138 kV Rainey - Corona feeder
planned tobein-service by summer 2023,anew 345/138 kVPAR controlled 138 kV Gowanus -

Greenwood feeder planned tobe in-service by summer 2025,and anew 345/138 kVPAR controlled 138
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kV Goethals - Fox Hills feeder-alsoplanned tobe in-service by summer 2025. These new transmission

feedersareincluded in the plan. The NYISO will continue to trackthe timely entry into service of these and

other projects that have been identified torelieve reliability violations.
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6-—Changes to System Load Level

A higher-than-studiedplanned loadlevel could expose the system to potential reliability issues,
necessitating interim operating procedures up to and including measures such as load shedding in
some localized areas of the state. In conductingaresource adequacy scenariointhe 2020 RNA with a
high load forecast, approximately 2,400 MW higher than the 2020 Gold Book baseline forecast, the NYISO
found thatthe LOLE would exceed criteria two years earlier. However, the NYISO is forecasting a decrease

in energy usage during 2021 through 2030 period, which can be attributed in part tothe increasing impact
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of energy efficiency initiatives and increasing amounts of behind the meter solar generation. Conversely,
significantload-increasing impacts are forecasted due to electric vehicle usage and other electrification (i.e,
conversion of home heating, cooking, water heating and other end -uses from fossil-fuel based systems to
electricsystems). The relative behind-the-meter-solar impacton peakload declines over time asthe New
York summer peakis expected toshift further into the evening, when solar resources are unavailable. New
York is projected tobecome a winter peaking system in future decades due to electrification, primarily via

heat pumpsand electric vehicles.

Inthe pastdecade, energy provided by the bulk grid has decreased, while energy production from
Distributed Energy Resources (DERs), such as solar, hasincreased. These DERsare beginningtodisplace
energy that was traditionally supplied by conventional generation through the regional electricity grid.
The energy provided by many DERs is not continuous, but intermittent, and less visible tothe NYISO

markets and operations.

This Comprehensive Reliability Plan does not account for recent interconnection requests for large

load installations in upstate New York, which may exacerbate zonal resource adequacy margins in Zones A,

B,C,and D.20 The NYISO will continue toreport on energy usage and peakdemand trendsin its annual

Load and Capacity Data Report (Gold Booky}:), and assess any reliability impacts through its load

interconnection process, guarterly STAR studies, and the 2022 Reliability Needs Assessment.

6-—Extreme Weather
The dangers of severe weather impacting the grid have been exemplified around the countryin the
pastyear, with Texas experiencing a brutal polar vortex in February and California facing problems from

extreme heatlast summer. InNew York the frigid*winterof 2013-14 offered anumberoflessonsthat

immune from such extreme weather, which could lead to greater electricaldemand and more forced

generator outages than currently accounted for in the baseline forecasts. Prior toeach summer and winter,

the NYISO presents a capacity assessmentto gauge the margins available for the upcoming season in

consideration of such plausible system conditions.?2?2

20 Recent large load requests include Q0580 -WNY STAMP, Q0776 - Greenidge Load, Q0849 - Somerset Load, Q0850 - Cayuga Load, and Q0979
—North Country Data Center.

2 https://www.nyiso.com/documents/20142/20968296/2021%20Summer%20Capacity%20Assessment%20 -%20Updated%20Version. pdf
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In consideration of these risk factorsxelated toload-andextreme weather itisfeasibleto“tip”the
system-intoa-viclationof, the New York grid may cross a “tipping point” in future years such that the

transmission securitycriterion.system could not fully serve the demand. Figure 15 shows the transmission
security margin in ZoneJconsideringpeak-New York City for a variety of plausible conditions. The baseline

analysis of normal weather and limited generation outages shows a positive but narrowing transmission

security margin across the ten-year period. The more extreme heatwave conditions evaluated in the 1 -in-
10year (90/10)and 1-in-100Jeadforecastsand-the-year peakdemand forecast scenarios combined with

the impact of forced generation outages {including SCRs)-Asseenin-mostoftheseconditionsresultin

deficiencies toserve demand in New York Cityin many of the vears. The chart shows that most of these

beyvond-design conditions, such asa heatwave or generator outages, would result in deficiencies to

serve demandin New York City considering the plans included in this Comprehensive Reliability

Plan. This outlook could improve as moreresources and transmission are tipped-added to New

York City. Similarly, these risk factors may also causethesystemtotipresultin tipping pointsin Long
I[sland and statewide,as shown in Figure 164forZoneK and Figure 17forNYCA..

Figure 15: New York City-Summer Transmission Security Margin
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Zone J Transmission Security Margin
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Figure 16:PSEG-: Long Island-Summer Transmission Security Margin (Summer-Baseline Peak Forecast-Normal)
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Long Island Transmission Security Margin
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Figure 17:- NYCA SummerTransmission-Security: Statewide System Margin{(Summer-Baseline Peak Forecast-

Normal)
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Flaureds

NYCA Energy Production

2020 Production GWh
Nuclear 38,437
M Hydro 29,521
o Wind 4,162
M Hydro Pumped Storage 636
B Other Renewables 2,281

" oil 209
M Dual Fuel (Gas/0il) 45540
W Gas 10,530
W Coal 146

TOTAL 131,462
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Figure 17

Installed Import
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Margin
In-State
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Resources Resources
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Beyond the CRP - Road to 2040

There have been several significant developments that are shaping how the New Yorkelectric grid of
the future will develop. Part of the changes are climate related, whichwill drive temperatures higherand

resultin higher lead-electricity demand. Part ofthe changes are due to state policiesin response to climate

change. The-2019 Climate Leadership and Community Protection Act (CLCPA) requires an economy-wide
approach toaddressing climate change and decarbonization.23 This includes sweeping mandates to deliver
70% of New York energy from renewable resources by 2030 and 100% emissions-free electricity supply by
2040 while promoting electrification in other sectors of the economy. Understanding the impacts due to
these two driving changes on the generation, transmission, and load components of the bulkelectric

system is critical to understanding the challenges in the coming year.

Load
In2019,the NYISO commissioned the Climate Change Phase I Study to examine the impacts that

climate change will have on temperature and the resultantimpact on load. The core finding fr om the study
is thattemperaturesare risingacross New Yorkand will have a significantimpact on summer peak
demand. Since early 1990, temperatures across the state have been increasing from 0.06 to 0.09 degrees
peryearor 0.6to 0.9 degrees per decade. On average, the statewide averagetemperature is increasing 0.7
degrees per decade. On an annual basis, increasingtemperatures have minimal impact on system energy
requirements as increasing cooling sales are largely mitigated by decreasing heating related sales.

However, the system load Figure 18: Electric Summer & Winter Peak Demand -

profile will change over time Actual & Forecast: 2020-2051
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potentially add between 1,600 MW to 3,800 MW or 10%to 23% o summer-peakcoolingre(juire ents.

o
=

State policy designed to counter the impact of climate change may have an even larger impact on load than

23 2019 Laws of New York, ch. 106. The CLCPA requires that seventy percent of energy consumed in New York State be produced by renewable
resources by 2030. By 2040 energy consumed must be completely emissions-free.
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increasing temperatures. New stateenergy efficiency targets largely mitigate the impactofincreasing
temperatures on summer peakdemand through2045. Afterthat point, increasing electric vehicle demand
and electrification activity eventually pushloads above current trends. In the m ost aggressive scenario,
statewide electrification programs resultin the system switching from a summer peakingsystem toa
winter peaking system; this could occur around 2035. While there is still additional analysis tobe done to
translate greenhouse gas targets to specificend-use impacts, the amountof electrification needed to
achieve state greenhouse gas targetshas significant impacts on base loads, heatingloads and cooling loads.
An aggressive electrification program could add more than 28,000 MW to the system summer peak by

2050,and an even larger amount towinter peaks.

In addition tohigher efficiency savings, solar capacity,and electric vehicle penetration, the CL.CPA adds

m CLCPAelectrification will cause the NYCAto go from summer peaking towinter peaking.

m Thewinter peakload under the CLCPA will be double compared tothe reference case.
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Generation Figure 19:2020 NYCA Energy Production

The CLCPAwillln New York, the electricity originates from

many different sources. In 2020, athird of New York’s energy

production was from dual-fuel generators thatrun primarily on

natural gasbut have the ability touse other fuels as well. Another 2020 Production GWh
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resources have plaved an increasinglyimportantrole in New York

and their participation is expected to grow as New York approaches

the CLCPA goals. The law establishes overall general targets which

include:

Figure 20: CLCPA By the Numbers
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Figure

Inaddition toimpacting the types of generation that can run in New York, the CLCPA will have a
significantimpact on the amount of electricity and from which resource type electricity can be imported

intoNew York.
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Generation resources in New Yorkhave already seen significant changes in the last two years with the
lossretirements of 1,000 MW of coal and 2,000 MW of nuclear from 2019t0 2020.In 2020, the New York
State Department of Environmental Conservation (DEC) adopted a regulation tolimit nitrogen oxides
(NOx) emissions from simple-cycle combustion turbines (Peaking Units) (referred to as the “Peaker
Rule”).24 Thisrule required peakers to submit compliance plans to state how they would meet compliance
with the rule, which could include retiringor not operating those generators duringthe summer ozone
season. The compliance plansindicated that over 1,500 MW of peaker capability, mostly in New York City,
will either retire or not operate during the summer ozone season by 2025, with alittle over halfimpacted
startingin 2023. All of these deactivations add up toalmost 5,000 MW generation. An additional 25,000
MW of fossil fuel generation will need to deactivate over time to hit the targetsin the CLCPA. These
resources will need tobe replaced by resources that are emission free and largely renewable. Discussed
below are the attributes of these types of resources and the challengesinherent with themmaintaining

system reliability without sufficient dispatchableresources remaining on the system.

Solar and Wind - Intermittent Resources

IntermittentresourcesSolar and windresources provide an emission-free source of electricity. As

intermittent resources, solar and wind are not dispatchable (although they may be able tobe dispatched

down by spilling their energy) due to the variability of their “fuel” source. To maximize efficiencies, the
location of these resources areis dictated by where the windis most constant or by where there is sufficient
land for solar. This results in land-based wind locating in northernand westernNew York while solar

resources are significantly located in these areas also. Offshore wind would connect primarily into New

York City and LongIsland. The NYISO commissioned the Climate Change Impactand Resilience study

(“Phase Il study”) that examined the resources needed tomeetload ina 2040 scenario. This studylooked at

integrating large amounts of solar and wind resources into the model and concluded that the variability of
meteorological conditions that govern the output from wind and solar resources presents a fundamental
challenge torelying on those resources to meet electricity demand. Solar resources will have little tono
outputduringthe evening and nighttime hoursand reduced output due to cloud cover, while wind
resources can experience significant and sustained wind lulls.

To continue the study efforts on this subject, the NYISO conducted additional ‘wind lull’ scenarios for
this CRP, using the 70 x 30 models developed during the 2020 RNA. Windlull scenarios simulated a one-
weekloss of either Qoffshore wind (approximately 6,000 MW nameplate total connectedto New York City

24 6 NYCRR Part 227-3. See https://casetext.com/regulation/ new-york-codes-rules-and-regulations/title-6-department-of-environmenta l-
conservation/chapter-iii-air-resources/subchapter-a-prevention-and-contro I-of-air-contaminatio n-and-air-poll utio n/ part-22 7-stationa ry-combustio n-
installations/subpart-227-3-0zone-season-oxides-of-nitrogen-nox-emission-limits-for-simple-cycle-and-rege nera tive-combustion-turbines
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and Long Island) or land-based wind (located in Upstate New York) for various weeks. For theloss of all
Ooffshore wind, dynamic stability of the system immediately after the wind loss was also simulated.

Loss of wind energy during an entire weekimpacts systemreliability whenthe wind farms are
interconnected to zones that usually drive the loss of load expectation events, such as New York City
(Zone]) and LongIsland (Zone K). The magnitude ofthe impactalsodepends on the amount of potential
energy generated during the week ofthe wind lull, as well as the timing of generation during each day (e.g.,
peakdemand vs off-peak). Figure 21 provides the LOLE results for the most severe simulated Offshore
Windoffshore wind (OSW) lull weeks, showing that a one-week wind lull has the potential to significantly
increase the probability ofaloss of load event. The Figure 22 shows the Qoffshore wind energy production

during the simulatedweek. Details ofthese scenarios are provided in Appendix D.

Figure 21: Offshore Wind Lullfor the Highest LOLE Week

Model Event%| |Initial LOLE |Wind Lull LOLE| Delta LOLE

70x30 'Base Load' at-criterion 34% 0.11 0.18 0.07
70x30 'Scenario Load' at-criterion 23% 0.11 0.22 0.11
70x30 'Scenario Load' at-low-LOLE 24% 0.03 0.06 0.03

No OSW during the 1 Highest NYCA Event % Week

Model Event %| Initial LOLE |ResultantLOLE| Delta LOLE

70x30 'Base Load' at-criterion 34% 0.11 0.18 0.07

70x30 'Scenario Load' at-criterion 23% 0.11 0.22 0.11
Fiqure 27 70x30 'Scenario Load' at-low-LOLE 24% 0.03 0.06 0.03
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Off-Shore Wind Output 70x30 Base Load Case - Highest Event % Week (08/11, 34%)
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Additionally, a one-week outage of the largest generation source in ZeneJNew York City (i.e, loss of
Ravenswood 3 steam turbine generator) was simulated for the highest event week ofthe 70 x 30 “Base

Load” condition. The results, shown in Figure 23, demonstratethata one-week outage of approximately
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6,100 MW of offshore wind (4,300 MW in New York City and 1,800 MW in Long Island) could have roughly

the same impacttoresource adequacy as the outage of a 1,000 MW conventional (i.e., non-intermittent)

generator.
Figure 23Figure
No OSW during the 1st Highest NYCA Event % Week (34%)
Model Removal Nameplate MW Initial | Resultant
Removal LOLE LOLE
Offshore Wind 6098 0.179
(4320 MW in J and
1778 MW in K)
70x30 'Base Load' at-criterion Ravenswood 3 1027 0.106 0.180

: Offshore Wind Lull Compared to Conventional Generator Outage

Model Removal Nameplate MW Initial One-Week | Delta LOLE
Removal LOLE Outage
LOLE
Offshore Wind 6098 0.179 0.072
(4320 MW in J and
1778 MW in K)
70x30 'Base Load' at-criterion Ravenswood 3 1027 0.106 0.180 0.180

With high penetration of renewableintermittent resources, the system will need dispatchable, long-
duration resources tobalance intermittent supplywith demand especially during extended periods where
the intermittent resources are notavailable. These types ofresources will need tobe significant in capacity
and have attributes such as the ability to come on-line quickly, stay on-line for aslong as needed, maintain

the system’s balance and stability,and adapt tomeet rapid, steepramping needs.

Storage Resources

Solar and wind resources are dependent on variable meteorological conditions,and thus their

generating output does not always coincide with demand. Energy storage allows for time shifting of
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generation tomeetthe timing of demand. Storage resources chargeduring times of surplus and then

discharge at other times when the poweris needed.

The seasonal power capability of suppliers would typically be the main consideration when evaluating
most generation resources for their ability to serve load and provide for reliability. HeweverwithWith
energy storage resources, there are two other critical aspects that needtobe considered. The firstisthe
duration needed from the storage device. Load duration curves can provide the context for howlonga
storage device may be needed for reliability. The duration of need can be a significant amount of time
duringa given day. The second critical aspectinvolves charging the storage device. Since the “fuel” for
storage is electricity from local resources and the grid, the surplus energy in the “load pocket” where
storage is located needstobe more than the energy thatis needed from the storage device includinglosses.
The NYISO Climate Change Phase I study noted that battery storage resources help to fill in voids
created by reduced output from renewable resources, but periods of reduced renewable generation
rapidly deplete battery storage resource capabilitiesfemphasisadded).. Additionally, the “Pathwaysto
Carbon-Neutral NYC,” which was commissioned by the NYCNew York City Mayor’s Office of Sustainability,
Con Edison, and National Grid, noted a stringent regulatory and siting regime for storage in New York City,

including site-based limitations and fire codes regarding siting of battery storage.25

25 https://www1.nyc.gov/assets/sustainability/ downloads/ pdf/ publications/Carbon-Neutral-NYC. pdf
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Dispatchablelnverter-Based Resources

With the planned increasedtorenewable energy resources on the system, thereare several important

considerations toevaluate in addition to traditional steady state and dynamics analysis. Itis expectedthat
many renewable generators will be connectedto the grid asynchronously through power electronic devices
(i.e, inverter-basedresources). The ability ofinverter-basedresources to function properly often depends
on the strength of the grid at or near the interconnection of the resources. Grid strength isa commonly
used term to describe how the system responds to system changes (e.g., changesinload, and equipment
switching). Ina “strong” system, the voltage and angle are relatively insensitive to changes in current
injection from the inverter-based resource. Inverter-based resources connecting to a portion of the system
rich in synchronous generation that is electrically close or relatively large is likely connecting toa strong
partof the system. Inverter-basedresources connectedtoa “weak” portion of the grid may be subjectto

instability, adverse control interactions,and other issues.26

The prevailing measure of system strength is the short-circuit ratio calculation. Short-circuitratiois
defined as the ratio of short-circuit apparent power (SCMVA) at the Point Of Interconnectionpoint of

interconnection (POI) from a three-phase fault at the POI tothe power rating of the resource. A typical

threshold for identifying weak system strengthis a short-circuit ratio of 3.0.27 Figure 24 highlights
potential weak areas of the system (buses 115 kV and greater) under peakload conditions. Additional

details are provided in Appendix X¥:

26 North American Electric Reliability Corporation, Integrating Inverter-Based Resources into Low Short Circuit Strength Systems Reliability Guideline,
dated December 2017.

27 North American Electric Reliability Corporation, Short-Circuit Modeling and System Strength, dated February 2018.
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Figure 24: 70 x 30 Short-Circuit Ratio (Peak Load)?®
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Another measure of system strength is light flicker caused by the connection of large reactive devices
(such as a shuntreactive device or aload). Some New York Transmission Owners have flicker (or Delta-V)
criteria. For example, Avangrid criteria for voltage flicker is a change of 3% in bus voltage.2° Figure 25

shows the areas of the NYCA (buses 115 kVand greater) that are more susceptible to voltage flicker.

Additional details are provided in Appendix XXF.

28 The plot scale is the inverse of the short-circuit ratio to highlight the areas of lowest short-circuit strength

2 Avangrid Electric Transmission Planning Manual, Technical Manual TM 1.2.00, dated June 29, 2019.
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Figure 25:70 x 30 Peak Load Voltage Flicker3°
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Dispatchable Resources

Given the move to a more intermittent renewable resource-based system, the NYISO has performed

The analysis showed that over 6,000 MW of conventional generation in New York City out of the existing

fleet of approximately 9,600 MW would need tobe retained in order to maintain reliability within

applicable criteria. A

statewide. Nodynamic stability issues were observed when considering the retention of conventional

generation; Appendix F of thisreport provides details ofa 70 x 30 dynamic stability analysis.

Moving to 2040, the CLCPA requires generation tobe emission-free. The Climate Change Phasell study

looked at 100 x 40 (carbon free electricity to New York consumers by 2040). It noted the significant
amount of dispatchable resources that would be needed to meet that goal but did not describe the

technology that would be able to provide a dispatchableresource, instead choosing to refer to generic

30 Inthe plot scale, a O represents no change in per-unit voltage and a 1 represents a 0.03 per-unit voltage decline.
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dispatchable, emission-free resources.Not surprisingly, the Climate Change report found thata similar
amount of dispatchable resources as the RNA case would be needed tomaintain reliability under baseline
assumptions. However, under CLCPA assumptions, the amount of dispatchable emission-free
resources needed increases to approximately 35,000 MW. The Climate Change Study noted thatthe
current system is heavily dependent on existing fossil-fueled resources to maintain reliability and
eliminating theseresources from the mix “will requirean unprecedented level of investment in new and
replacementinfrastructure, and/or the emergenceofa zero-carbon fuel source for thermal generating
resources” (emphasisadded)3l. The Climate Change Phasell study did note that while the amount of
installed capacity (MW) of dispatchable resourcesis significant, the amount of energy generated (MWh)
required from such resources would likely not be significant, with the percent of total energy being in the
range of 10% -— 20%range depending on the penetration level of intermittent resources.

The report “Pathways to Carbon-Neutral NYC,”issued April 202132” stated “Both low carbon gas and
battery storage can supply dispatchableelectricity tothe grid. However, both technologies are untested at
the scalerequired to deeply decarbonize the city. Batteries are limited by the amount of energy that they
can store and how fast that energy can be discharged. Batteries alsorequire capital tobuild and space to
occupy. At the same time, low carbon gas availability is uncertain,and there is no policy framework to
develop theseresources at scale. While maintaining gas-fired electricitygeneration assets can avoid new

capital expenditures, sources of Renewable Natural Gasrenewable natural gas (RNG) would need tobe

connected tothe existing pipeline gas transmission and distribution system, requiring investments.
Additionally, RNG combustion still generates air pollutant emissions,which must be considered (emphasis
added).”

The NYISO Grid in Transition study noted that itis generally recognized today that meeting New York

load with high levels of intermittentrenewableresource output, particularly solar and wind generation,
will require the NYISO to have sufficient flexible, dispatchableand potentially fast ramping supply to
balance variationsin intermittent resource output. These variations will include not only short-term
variationsin output during the operatingday as a result of changes in wind speed and cloud cover butalso
a sustained ramp up of solar output at the beginning of the day as the sun rises and a sustained ramp down
of solar outputatthe end of the day as the sun sets. The Climate Change Phase Il study noted in the winter
under the CLCPA scenario that the one-hourramp requirements could be over 10,000 MW and a six-hour

ramp of over 25,000 MW, as noted in the graph below.

31 Page 13 of the Climate Change Impact and Resilience Study - Phase ll
https://www.nyiso.com/documents/20142/10773574/NYISO-Climate-Impact-Study-Phase-2-Report. pdf

32 Commissioned by the NYC Mayor’s Office of Sustainability (MOS), Con Edison, and National Grid: [link]
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Figure 26: Maximum Hourly Ramping Requirement - Winter CLCPA Load Scenario, Baseline Case
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One last point bears noting: While there are hundreds of projects in the NYISO interconnection queue,
there are none that would be capable of providing emission-free, dispatchable resources that could
perform on a multi-day period to maintain bulk power system reliability. Such resources are not yet widely

commercially available.

Key takeaways

m A system with significant amounts ofintermittent resources will need significantamounts of
dispatchable resources that can run for multiple day periods.

m Dueto the characteristics of sun and wind resources, there will be high ram ping requirements
needed from the dispatchableresources.

m A 100x40powersystem will require those dispatchable resourcestobe emissions-free.

m Dispatchableresources thatare emissions-free, and on the scale needed, are not yet
commercially available or currently in the NYISO interconnection queue.
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Transmission
Transmission will play a key role in moving power from where the intermittent resources are located
to theload centers.
The build out of transmission can be broken down into two components:
1. Inter-zonal bulk power capability

2. Intra-zonallocal transmission capability
The NYISO has moved forward with twethree Public Policy Transmission pProjects. One in the west
that will provide capability tomove Niagara hydro generation and Ontario renewable resource imports out

of the western area of the state toserve load areasin the eastern and southern portions of New York. The

secondprojectmovesother projects move power from upstate to thesoutheastpartofthestatedownstate
byreplacing and adding transmission lines in the Mohawk River Valley and the Lower Hudson RiverValley.

Additionally, the 2020 New York State Accelerated Renewable Energy Growthand Community Benefit
Act (AREA) seeks to accelerate siting and construction oflarge-scale clean energy projects.33 The AREA
authorized the New York Power Authority (NYPA) toundertake the development of transmission
investments neededto achieve CLCPA targets. On October 15,2020, the PSC adopted criteria for
designating priority transmission projects. The PSCalsoapproved NYPA’s request to proceed with
development of its proposed Northern New York Transmission Projects.34 These transmission upgrades
seek to increase the capacity of certain transmission lines in northernNew Yorktoaccommodate
incremental delivery ofrenewable energy. Under the new law the New York Public Service Commission
authorized NYPA to pursue construction of its proposed Northern New York transmission expansion
project. The project will increase the capacity of transmission lines in northern New York. These new

transmission investments are depicted in Figure 27.

33 2020 Laws of N.Y. Ch. 58, Part JJJ.

34 PSC Case 20-E-0197, Proceeding on Motion of the Commission to Implement Transmission Planning Pursuant to the Accelerated Renewable
Energy Growth and Community Benefit Act, Order on Priority Transmission Projects (October 16, 2020).
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Figure 27

DRAFT PURPOSES ONLY 2021-2030 Comprehensive Reliability Plan | 69



{= New York ISO

New York Power
Authority (NYPA)

Two projects: Smart Path NY and
Northem NY, representing 200
miles of transmission in the North
Country and Central New York.
Designated by the PSC as priority
transmission projects. Smart Path
NY is under construction

Western New York Public Policy
Transmission Need

NYISO selected NextEra to develop a 20-mile,
$181M project to upgrade transmission to
improve access to renewable energy. Siting
approved by PSC. Now under construction.

AC Transmission
Upgrade Public Policy
Transmission Need

NYISO selected North American
Transmission & NYPA for Segment
A (central to eastern NY), and
National Grid & NY Transco for
Segment B (Albany to Hudson
Valley) to improve access to
upstate renewable energy. The
$1.2B projects encompass 150
total miles of fransmission,
improving power flow by roughly
1,000 MW. Siting approved by PSC.
Now under construction.

N
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o

: New Transmission Projects in New York State
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New York Power
Authority (NYPA)

Two projects: Smart Path NY and
<: Northern NY, representing 200

miles of transmission in the North
Country and Central New York.
Designated by the PSC as priority
transmission projects. Smart Path
NY is under construction

Western New York Public Policy
Transmission Need

NYIS0 selected NexiEra to develop a 20-mile,
$181M project to upgrade transmission to

improve access to renewable energy. Siting
approved by PSC. Now under construction.

AC Transmission

Upgrade Public Policy
i\/L , o| Transmission Need
E Y e NYISO selected North American

gy,

R ——g—a | Transmission & NYYPA for Segment

i A (central to eastern NY), and
<: National Grid & NY Transco for

Segment B (Albany to Hudson
Valley) to improve access to
upstate renewable energy. The
$1.2B projects encompass 150
total miles of transmission,
improving power flow by roughly
1,000 MW. Siting approved by PSC.
Now under construction.

More recently,in September2021, Governor Kathy Hochul announced tworecommended contract

awards for the Clean Path NY and Champlain Hudson Power Express Projects toincrease transmission

capability to New York City. These awards are the result of New York’s large-scale renewable energy

solicitation for Tier 4 Renewable Energy Credits (RECs),issued by New York State Energy Research and

Development Authority (NYSERDA) in January 2021. NYSERDA will submit the recommended contract

awards tothe PSC for review, publiccomment, and approval.35

The studynotedNYISO’s Economic Planning Process has noted that several renewable generation

pockets on the 115 kV/138 KV systems across the whole state that-could constrain output from

renewable resources such as solar and wind.3¢ _As shown in Figure 28-These, these include Western

New York, the North Country, Capital Region, Southern Tier, and offshore wind near Long Island and
New York City.
Figure 28

35 https://www.nyserda.ny.gov/All-Programs/Programs/Clean-E nergy-Standard/Renewable-Generators-and-Developers/Tier-Four

% See 2019 Congestion Assessment and Resource Integration Study (CARIS): https://www.nyiso.com/documents/20142/2226108/2019-CARIS-
Phasel-Report-Final. pdf
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DPS and NYSERDAs Initial Power Grid Study, released in January 2021, concluded thatthe

transmission system with the inclusion of the Western New Yorkand AC Transmission publicpolicy
transmission projects and the NYPA priority projects, along with the utilities’ plannedlocal transmission
and distribution system, have positioned the state toachieve the 70 x 30 renewable energy requirements of
the CLCPA without the need for further additional transmission capability. The reportindicated that
additional bulk transmission will be needed toachieve the CLCPA’s objective of a zero-emissions electric
system by 2040. The Initial Power Grid Study indicated thattransmission upgrades would alsobe needed
to deliver the 9,000 MW of offshore wind capacity called for in the CLCPA.

Inits comments on the studyPower Grid Study, the NYISO highlighted the need for additional

transmission investment to achieve the 70 x 30 goal based on the expected location of renewable
resources within the state. The NYISO alsocommented on the electricutilities’ November 2020 local
transmission and distribution study, emphasizing the role that building out bulk and local transmission

systems can playin deliveringland-based and offshore wind renewable resources to consumers tomeet
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the state’s climate change policy objectives.3” The NYISO emphasized the need for transmission to deliver
renewable energy to consumers, suggestingthat the PSC declare transmission needs for delivery ofland -
based renewable resources in upstate New Yorkrenewable generation pockets and for offshore wind

resources to connect to LongIsland and New York City. The NYISO noted thatits streamlined competitive

publicpolicy transmission process is well positioned to fulfill those needs for the state.3$-_0On September9,

2021, the PublicService Commission an Order39 on Local Transmission and Distribution Planning Process

and Phase 2 Project Proposals.

In March 2021, the PSC issued anorder declaring that offshore wind goals are driving the need
for additional transmission facilities to deliver that renewable power from LongIsland to the rest of
New York State. The PSCreferred the identified need to the NYISO to solicit potential solutions.40
The NYISOreceived proposalsin October 2021. The NYISO will selicitproposed-solutions,determine their

assess the viability and sufficiency; of proposed solutions and evaluate petentialtransmission solutions to

determine whether to select the more cost-effective or efficient transmissien-project to satisfy the PSC-
identified need. As with the projects discussed above, any project selected through this process will be
subject tothe PSC-administered permittingprocess before construction is allowed tobegin.

One last point bears emphasizing on the role oftransmission: While increased transmission can allow
more renewable resources to connect the grid, the amount of capacity (MW) of dispatchable resources
needed for reliability may not reduce significantly. However, theamount of energy (MWh) from renewable
resources can significantly increase with more renewable resources and transmission.

Key takeaways

m More inter- and intra- zonal transmission capacity will be required to deliver a reliable system
with a high level of renewables penetration.

m Transmission additions would not reduce the amount of dispatchable resource capacity
needed butwould decrease the amountofenergy needed from them.

s See https://www.nyiso.com/documents/20142/18663846/20210119-NYISOCommentsCase20E0197-complete. pdf

38C it IVVIVVIVWA-\VIT-S o/ HFRERLS 20142 /1Q662246/202101 10 NVICOCammantcCaca2NEN10Q manlat nd‘
=4 ST NAMAS REFHS; 4 g “r Ot T FHHREeSoaS = et

WHRHSE- 66 6E

* See https://documents.dps.ny.gov/public/ MatterManagement/CaseMaster.aspx?MatterCaseNo=20-E-0197&CaseSearch=Search

40 case No. 20-E-0497 and Case No. 18-E-0623, Order Addressing Public Policy Requirements for Transmission Planning Purposes
(March 19, 2021).
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Market Design for a Grid in Transition-{New-Section}

The New York grid is facing an unprecedented transition asthestate’s generationtransitionstedriven
by the CLCPA mandate that 70% of New York State’s end-use energy be generated by renewable energy

systems by 2030 (“70x30”) and the target ofan emission-free resource mix by 2040. The marketdesign

a engelAZnen e.d-3A a .. a N atahlale oOm nhe e na flee o-oneAherelo

for the NYISOis how the wholesale marketsin New York can continue to provide the pricing and

investment signals necessary toreflect system needs and toincent resources capable of resolving those

needs. The market design challenge istoanticipate the needs for existing and new grid reliabil ity services

and evolve the wholesale market design toachieve reliability. The NYISOis actively working on market

enhancements tomeet these future challenges withtwo guiding principles: 1) all aspects of grid reliability

mustbe maintained;and 2) competitive markets should continue to maximize economic efficiency and

minimize the cost of maintaining reliability while supporting the achievement of the CLCPA.

As discussedearlierinthisreportasThe key challenges thatarise in the energy and ancillary services

markets with significant penetration of weather-dependent, intermittentresources are balancing

intermittency and improving price formation. The grid ofthe future will requir e resources thatcan balance

intermittence for extended periods of time, resources that can quickly turn on and are flexible in dispatch,

and resources able tomeet the sharp and occasionally sustained ramping needs created by the sudden

disruption in solar or wind output.

The Balancing Challenge Across Multiple Timescales. From the Grid In Transition (June 2020)
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Hourly Balancing Challenge Seasonal Balancing Challenge
GWh TWh
60 20 o Under generation in summer
Over generation in low- months requires new technologies

load shoulder months

Over generation in
high solar hours

\ Under generation can be met
Total RenewaPle with storage or flexible load 10 Onshore
Generation Wind

Onshore
Wind

15
40

20

Offshore Wind

Offshore Wind

12 AM 12 AM January December
Batteries and load flexibility can provide Seasonal balancing is the more difficult challenge,
short-term balancing. requiring new technologies such as seasonal storage

or zero-emission dispatchable generation.

Sources and Notes: |llustrative examples. Load data is from NYISO’s 2020 “High Electrification” CLCPA Load Case forecast. Generation capacities in both examples set such that total
renewable generation over the period matches load. Left: Forecast for 8/19/2020; capacity of 63 GW assumed of each renewable type. Right: Capacity of 22 GW assumed for each type.

Specifically, intermittentresource variation needs tobe balanced in six timeframes.

The time frame of the regulation balancing instruction (6 seconds);

The time frame of the Real-Time Dispatch (5-minutes);

The time frame of the intra-day unit commitment decisions (15-minutesto a few hours);

The time frame of the Day-Ahead Market (24 hours);

The seasonal time frame (summer, spring, fall, winter); and

SANN S L S

The time frame in which investmentsin resources able to provide balancingwill be made.

As thelevel of intermittent resource generation increases, the grid will need sufficient flexible and
dispatchable resources tobalance variations in intermittentresource output for both short durationsasa
result of cloud cover or changesin wind speed, and prolonged periods (daily/seasonally) of renewable

outputlulls. Depending on the duration of need, enhancementsto various market design aspects maybe

required including reserves, regulation, load forecasting and the potential needtodevelop aramp product.

To ensure continued grid reliability in all timeframes, balancing intermittency needstobe addressed

through various market design improvements.

Over the next several years, market projects will continue toaddress the changes neededin the energy
and ancillary services as well as prepare the markets for new resource classes. These efforts will focus on
improving signals for the characteristics and attributes needed for continued grid reliability with

increasing amounts of intermittent resource generation.

Energy and Ancillary Services Product Design: Improving the energy and ancillary service market

design is crucial for proper wholesale electricity marketprice formation that signals the investmentand
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dispatch behavior needed to maintain grid reliability, properly value locational grid needs, incent attributes

valuable tothe grid, and avoid unnecessaryout-of-marketactionsflexibility and other attributes valuableto

the grid, and avoid unnecessary out-of-marketactions. In addition toreserves, other ancillary services

such as regulation, voltage control, and frequency response are essential to maintain grid reliability and

resilience.In the future, theremaybe additional gridneeds which are essential for continued system

reliability. Effective pricing and modeling of transmission constraints are alsonecessary for improved

price formation. Improved pricing outcomes can assist toincentivize investment in resources and

transmission in locations which would benefit the system.

The NYISO’s energy and ancillary services markets, particularlywith the enhancements described

above, will differentially reward the resources thatcan most efficiently and effectively serve evolving

operational needs — whether that means generatingmore during shortages or ramping more guickly

duringramp-limited periods. However, the energy and ancillary services markets alone donot provide

enough revenue to attract sufficientinvestment tomeet New YorKk’s traditional “1 -day-in-10-years” (1-in-

10) resource adequacy standard. Thus, capacity markets will continue tobe needed to provide the

additional revenue stream to supportadequate investment to maintainthe required levels of resource

adequacy. As the fleet transforms and creates new challenges,ongoing efforts will be needed to provide

that capacity auction design supportsadequateinvestment.

As the resource mix shifts, itis crucial to address the challenge of efficient resource entry and exit to
meet policy objectives, while continuing to attract/retain resources necessary to meet established

resource adequacy requirements. Currently, the Installed Reserve Margin (IRM) is setannually by the

New York State Reliability Council (NYSRC) as a percentage of the forecasted peakload for the year and

establishes the minimumamount of Installed Capacity (ICAP) that mustbe on the system throughout the

year.In a future with high penetrations of wind and solar, a capacity construct focused primarily on

having enough MW available (plus a reserve margin21) may miss these increasinglydiverse reliability

challenges. Today’s capacity products will need toimprove the methods used to measure capacity for all

resource types to better align reliability needs throughout the year.

Capacity Market Design: A number of market design changes are underway to position the capacity

markets tosupport the transitioning grid. The NYISOis focused on a holisticreview of the current
buyer -side mitigation {BSM}

ultimately developedframework to establish a durable going forward approach. Process changes will need
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to bejustand reasonable and allow the ICAP Market to continue toattract and retain resources neededto

maintain resource adequacy.

Itisalso As partof capacity accreditation, the NYISO recognizes thatit is imperative tovalue capacity
resources accurately based on their contributions toresource adequacy. This allows market compensation
for capacity suppliers tobe properly aligned with individualresources’ expected reliability benefit to
consumers while ensuring sufficientresources are procured to meet resource adequacy requirements. In

addition, the NYISOis pursuing enhancements toits resource adequacy models. The NYISOis continuously

evaluating the accuracy and robustness of its underlying resource adequacy models,reliability metrics, and

probabilistic tools, and updating themtoincorporate changingcharacteristics of the power system and

resource fleet.

The NYISOis actively preparing for the resource changes and their operational and reliability
implications and will continue to work with stakeholders on evolving the market design to ensureit

providesprovide clear signals for the attributes and services needed to support grid reliability.
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Conclusions and Recommended Actions-and-Conclusions

The 2021-2030 Comprehensive Reliability Plan shows no Bulk Power Transmission Facility Reliability

Needs and, therefore, no additional solutions are necessary. Nevertheless, the Comprehensive Reliability

Plan contains the following recommendations based on risks to bulk power system reliability:

Monitor and Track Transmission Owner Plans

To provide for the long-term reliability of the system and minimize reliance on interim operating
procedures, the Transmission Owners need to complete the projects identified in their Local Transmission
Owner Plans (LTPs) on schedule and as planned. Itisimportantthatthelocal transmission projectsthat
are identified in this CRP to maintain reliability be sited and constructed on a timely basis. The NYISO will
continue to monitor the completion of the identified projects and the progress oflocal transmission
projectsastheyrelate tothe Reliability Needsinitially identified in the Reliability Needs Assessment.
These include the following:

m Updated Local Transmission Owner Plans toaddresslocal reliability deficiencies as presented
by Con Edison at the January 25,2021, ESPWG/TPAS [link]:
* Anew345/138kVPAR controlled 138 kVRainey-=— Corona feeder (ISD 2023)

* Anew345/138kVPAR controlled 138 kV Gowanus =— Greenwood feeder (ISD 2025)

* Anew345/138kVPAR controlled 138 kV Goethals =— Fox Hills feeder (ISD 2025)

m  Short-Term Reliability Process solution for addressing the 2023 short-termneed identified in
the Q3-2020 STAR [link]. The solution changed the planned operating status of existing series
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reactors, starting summer 2023 through 2030:

* In-service: seriesreactors on the following 345 kV cables: 71,72, M51, M52
* Bypass: seriesreactors on the following 345 kV cables: 41,42,Y49

m Transientvoltage responseissues were observed on Con Edison’s non-BPTF system from 2025
through 2030, while the BPTF violations wereobserved startingin 2029. Con Edison will
address the non-BPTF violations with a Corrective Action Plan asrequired by NERC Standard
TPL-001-4. Whenthe non-BPTFviolations are addressed, the BPTF violations will nolonger
occur. [link]

Monitor and Track Potential New Developments

Monitor Risk Factors

As discussed in thisreport, reliability margins will shrinkin upcoming years due primarily to the

planned unavailability of simple cycle combustion turbines that are impacted by the DEC’s Peaker Rule.

New York may experience even smallermarginsifadditional power plantsare unavailableor if system

conditions are more severe than currently designed for. The dangers of severe weather impacting the grid

have been exemplified aroundthe countryin the past vear, with Texas experiencinga brutal polar vortex in

February and California facing problems from extreme heatlast summer. New Yorkis not immune from

such extreme weather, which could lead to greater electrical demand and more forced generator outages

than currently accounted for in the baseline forecasts. In consideration of these riskfactors, the New York

orid may cross a “tipping point”in future yvears such that the transmission system could not fully serve the

demand. Through the guarterly Short-Term Reliability Process and biennial Reliability Planning Process,

the NYISO will continue toaddress reliability issues identified for the ten-year planninghorizon.
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I,

Reliability Plan demonstrates that system margins are expectedto narrow tosuch a level that warrants

review of currentreliability rules, procedures, and practices.

The NYISO’sindependentstructure and shared governance process, in partnership with the NewYork

State Reliability Council, gives all members of the energy sector a say in decisions affecting our markets and

the reliability of our grid.

Continue Coordination with the New York State Public Service Commission

The NYISO will continue to coordinate its system planning activities with the PSC,
particularlyincluding as part of the Public Policy Transmission Planning Process that is addressing
transmission needs in Western New York, the Mohawk Valley and Hudson Valley transmission corridors,
and for integration of offshore wind as part of the NYISO’s overall Comprehensive System Planning Process
(CSPP). Ifthe PSC determines that there is an additional Public Policy Requirement thatis driving the need

for bulktransmission, the NYISO will solicit projects from developers to fulfill that need.
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In addition, the State of New York is presently considering expanding and extending a variety of clean
energy programs thatare designedto increase deployment of energy efficiency, renewable generation and
DERs. Existing energy efficiency, codes and standards, distributed generation and solar (behind-the-meter)
program initiatives are reflected in the load forecast and resources modeled in this CRP. However, there
are new initiatives thathave notbeen implemented yet or recognized in this Reliability Planning Process
cycle that could positively affect bulk power system reliability. The NYISO will continue tomonitor and
participate in other planningactivities including but not limited to, PSC proceedings considering; (1)
fulfilling the requirements of the Climate Leadershipand Community Protection Act (CLCPA), (2)
implementation ofthe Accelerated Renewable Energy and Community BenefitAct (AREA), (3) Reforming
the Energy Vision (REV), (4) Offshore Wind Standard and procurements, (5) Renewable Energy Credits
(RECs) including Tier 4 RECs, (6) Zero-Emission Credits (ZECs), (7) Distributed EnergyResources (DERs),
(8) Energy Storage Resources (ESRs), (9) energy efficiency, and (10) individual proceedings on

transmission siting and generation deactivation and repowering,
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Future NYISO sStudies

Quarterly STAR: The NYISO will administerits quarterly STAR throughthe Short-Term Reliability
Process to capture events such as generator deactivationsand other system changes. Through the Short-
Term Reliability Process, the NYISO will address every quarterReliability Needs arising within five years,
with an emphasis on needs arising in years one through three. Ifnecessary, the NYISO will seek solutions
to address any Reliability Needs identified through thatprocess. For generators affected by the Peaker
Rule, the NYISO could enter into Reliability Must Run agreements with specific generators to continue to
operate for atwo-year period, with a possible two-year extension,until market-based projects or
permanent transmission solutions are built. Moreover, the NYISO continuously monitors all planned
projectsand any changes tothe New York State transmission system and may request solutions outside of
itsnormal planning cycle ifthere appears tobe animminent threat to the reliability of the bulk power

transmission system arising from causes other than deactivating generation.

2022 RNA: The next cycle of the Reliability Planning Process will begin in 202 2, for which
preparations will begin inlate 2021 ]ater thisyear. The 2022 RNAwill provide a new reliability

assessment ofthe New York Bulk Power Transmission Facilities for years four through ten of the planning
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horizons (2026 through 2032). The 2022 RNA willbe based on updated data,system modelsand
assumptions, and will review the status of the risk factors discussed in this CRP, together with other

reliability issues.

System & Resource Outlook:

Planning Process; For the first time, the NYISO is currently undertakinga new-20-year System & Resource
Outlookforthefirsttime,, tobe issuedin 2022. The Outlook will provide a comprehensive overview of

system resources and likely transmission constraints throughout New York, thus-highlighting

opportunities for transmission investmentdriven by economics and public policy.

Together, the Comprehensive Reliability Plan and the System & Resource Outlookwill be the marquee
NYISO planning reports thatwill collectively provide a comprehensive power system outlook to

investorsstakeholders, developers, and policymakers every year.
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