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Executive Summary

Driven by the state’s Climate Leadership and Community Protection Act (CLCPA), Accelerated
Renewable Energy Growth and Community Benefit Act, and other state clean energy policies, New
York’s electricity generation, transmission and demand landscape is rapidly changing. This shift
leads to re-thinking how and where electric supply and storage resources evolve, and how to

efficiently enable their adoption toachieve energy policy targets.

This 2021 - 2040 System & Resource Outlook (the Outlook), conducted by the New York
IndependentSystem Operator (NYISO) in collaboration with stakeholders and state agencies,
provides a comprehensive overview of potential resource development over the next 20 years in
New York and identifies and quantifies the existingand pending constraints revealed throughout
the New York transmission system. A key purpose of this marquee planningreportis to highlight
opportunities for transmission investmentdriven by economics and public policy in New York
State. Together with the NYISO’s publication of the 2021-2030 Comprehensive Reliability Plan (CRP),

this Outlook provides a full power system outlook to stakeholders, developers,and policymakers.

The Outlook examines a wide range of potential future system conditions and enables
comparisons between possible pathways toan increasinglygreenerresource mix. By simulating
several different possible future system configurations and forecasting the transmission constraints
for each, the NYISO:

m Projected possible resource mixes thatachieve New York’s public policy goals while
maintaining grid reliability;

m Identified regions of New Yorkwhere renewable or other resources may be unable to
generate at their full capability due to transmission constraints;

® Quantified the extent towhich these transmission constraints limitdelivery of
renewable energy to consumers, and;

m [dentified potential opportunities for transmission investment that may provide
economic, policy, and/or operational benefits.

There are many potential paths and combinations of resource and transmission builds to
achieving New York’s climate change requirements. As the current power system continues to
evolve, evaluating a multitude of expansion scenarios will facilitate identification of common and
unique challenges toachieving the electric system mandates New York State has set for 2030 and
2040. A thorough understanding of these challenges will help build a path for investors and
policymakers to achieve a greener and reliable future grid efficiently and cost effectively. Through

this Outlook several key findings were brought tolight:

DRAFT - For Discussion Purposes Only
Executive Summary 2021-2040 System & Resource Outlook | 4



= New York ISO

2021 — 2040 System & Resource Outlook
Key Findings

Critical Factors for New York’s

CLCPA Success:

Add new resources: * Review its wholesale

At least 95 to 110 GW of new zero-
emission resources will be required
by 2040, at least 20 GW needs to be
added in the next 7 years.

Expand transmission:

The current New York transmission
system, at both local and bulk levels,

market rules and the
related electric system
reliability rules needed to
reliably operate the electric system
and to facilitate the orderly transition
of replacement resources by
providing investment and resource

retention incentives consistent with
the reliability needs.

is inadequate to achieve currently
required policy objectives.

* Solicit stakeholder
feedbacks on Public Policy

Maintain reliability: )
Transmission Needs

Dispatchable emission-free resources
must be developed and deployed
throughout New York

J

Four future outlooks are evaluated tobetter understand the challenges ahead. A Baseline Case
evaluates a future with little change from today. A Contract Case includes approximately 9 GW of
renewable capacity procured by the state and evaluates the impactofthose projects. Finally,a

Policy Case projects two separate future scenarios that meetNew York policy mandates.

Grid inTransition: Implementation of Contracted Renewables

Through an annual request for proposals, NYSERDA solicits bids from eligible new large-scale
renewable resources and procures Renewable Energy Certificates (RECs) and Offshore Renewable
Energy Certificates (ORECs) from these facilities. This Outlookincluded approximately 9,500 MW of
new contracted renewableresources, including 4,262 MW of solar, 899 MW of land-based wind,
and 4,316 MW of offshore wind. The addition of these resources to the existing system

representation provides insights regarding theirimpact on system performance in the future.

The analysis performed focuses on transmission congestion and how patterns change through
time when New York State contracted renewable projects are added to the system. [tisimportant
to note that neither case models’ generation additions or retirements beyond what was includedin

the 2021-2030 Comprehensive Reliability Plan or whathasbeen contracted by the state.

This renewable project portfolio will exacerbate existing transmission congestion and
will encounter new local transmission constraints throughout New York State. Working from
the Baseline Case, the Contract Case was formulated by adding this 9,500 MW (9.5 GW) of future

renewable generation projects.The charts below show the geographic dispersion of renewable
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project procurements through time added in the Contract Case. Most of the renewable projects are

upstate solar or downstate offshore wind projects scheduled for installation prior to 2026.

The additional contracted projects representa nearly five-fold increase in utility scale
renewables comparedto the system today. Without any major transmission upgrades plannedto
specifically address this large influx of contracted renewables, transmission congestion increases.
When the contracted renewable projects are added, several additional constraints appear, causing a

23%increase in congestion statewide by 2030.

A major impact of the transmission constraints is that larger amounts of renewable generation
experience curtailment. Other generation that provides dispatchability to system operators is
curtailed as well. Specific to the renewable fleet, renewable generators average approximately 5
GWh of annual curtailmentin the Baseline Case, whereas curtailments increase toan annual average
of 163 GWh in the Contract Case. Most of the curtailments are experienced by offshore wind projects

connected to Long Island due toinadequate transmission capacity.
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Contracted Renewable Capacity

Cumulative Contracted Renewable Capacity Additions
by Online Year
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The contracted renewable additions that weremodeled as part of this study as well as the
recentlyawarded renewable projects through NYSERDA’s 2021 Tier 1 solicitation show that much
progressis being made towards achieving the 2030 mandate. Additional renewable projects will be

required between now and 2030 tomeet the mandate.

Progress Towards “70x30” Mandate1

120

Estimated 70%
Renewable Target
100
]
E 80
>
Rl
]
c 60
L Existing & Awarded
g = Renewable Energy
g 40 Projection
<
20

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

W Existing Renewable Energy* W Contract Case Additions** W Tier 4 Awards 0O 2021 NYSERDA Awards***

By 2030, roughly seven years from the publication of this report, an estimated 20 GW of
additional renewable generation mustbe in-serviceto support the energy policy target of 70%
renewable generation by 2030 and 100% zero-emission generation by 2040. For reference, 12.9
GW of new generation has been developedsince wholesale electricity markets beganmore than 20
yearsago in 1999. Over the past five years, 2.6 GW of renewable and fossil-fueled generators came
on-line while 4.8 GW of generation deactivated. This Outlook demonstrates the need for an
unprecedented pace of project deployment that will requiresignificantlabor and materials

available for New York over a long period of time.

The large amount of renewable energy additions required to achieve the CLCPA mandateswill
impact the nature of the operations of the existing fossil fuel fleet in the remaining 18 -year

transition toan emission-free grid. The operational needs of dispatchable generation on the system

! *Estimated 2021 renewable energy per NYSERDA CES Compliance Report
**Additional renewable energy modeled from projects included in the Outlook Contract Case

***Max annual contract quantity of renewable energy from projects awarded in the 2021 NYSERDA Tier 1 solicitation
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will become more demanding as the state progresses towards policy goals. The number of
dispatchable generator starts/stops, daily ramping, operational range, and other flexibility
attributes will increase tomeet a more dynamicnet-load. There will be a greater need for
resources that can operate more flexibly tomeet the increased variability associated with windand
solar generation. This Outlook demonstrates that the flexible units will be dispatched more

frequently but will operate for less hours within year as the transition unfolds

DRAFT - For Discussion Purposes Only
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AC Transmission Public Policy projects and Ontario nuclear retirements greatly reduce
current Central East interface congestion. With the planned completion ofthe NYISO AC
Transmission Public Policy Projectsin 2024, which represent substantial upgrades to the electric
grid in the Mohawk and Hudson Valleys, transmission congestion on the Central East/Total East
interface is nearly eliminated in the Baseline Case.However, the potential addition of more
renewable generation upstream of the Central East interface may resultin greater future

congestion, as demonstrated in the Contract and Policy Cases.

A secondary contributing factor toreducing Central East congestion is the nuclear retirements
and refurbishments planned by the Ontario IndependentElectric System Operator (IESO). Between
2021and 2025 over 10,000 MW of nuclear plant capacity is planned for either retirement or long -
term refurbishment. This represents over 25% of the generation capacity in Ontario, which
typically accommodates economic energy exports tothe NYISO, nearly all of which traverses the
Central Eastinterface. Withoutinexpensive excess capacity in Ontario for export, the NYISO
experiences reductions in Ontarioimports and a decrease in congestion on the Central East

interface.

Implementation of Contracted Renewables: Key Takeaways

m The pace of renewable project development is unprecedented and also requires
an increase in the pace of transmission development. Everyincremental
advancement towardspolicy achievement matters on the path toa greener and reliable
grid in the future, not just at the critical deadline years such as 2030 and 2040.1n
general, resource and transmission expansion takes many years from development to
deployment.

m Coordination of project additions and retirements is essential to maintaining
reliability and achieving policy. Coordination of renewable energy additions,
commercialization and developmentof dispatchable technologies, fossil fuel plant

operation, and staged fossil fuel plant deactivations over the next 18 years will be
essential tofacilitate an orderly transition of the grid.
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Road t0 2040: ResourcestoAchieve PolicyTargets

Building upon the known contracted resources, the NYISO developed postulated scenarios that
reflect full achievement of the CLCPA targets. The scenarios are collectively referred toas the
“Policy Case.” Examples of policies modeled in this case include the 70% renewable energy by 2030
(70 x30) renewable mandateand the 100% zero-emissions by 2040directive (100x40). These
system representations involve many assumptions and unknowns but provide an informed view of
the future to enable sound decision-making by policymakers and stakeholders2. The Policy Case
will also be utilized as part of the NYISO Public Policy Process, including evaluation of the Long

Island Offshore Wind Export Public Policy Transmission Need.

Dozens of preliminary scenarios were evaluated. Key factors such as capital costand demand
forecast were adjusted toinvestigate the key drivers for resource addition and possible pathways
to policy achievement. Among all factors tested, the demand forecast demonstrated the largest

impact on the resulting capacity expansion.

After discussions with stakeholders, including state agencies (NYS DPS and NYSERDA), two

distinct scenarios were selected for evaluation as the Policy Cases for this report:

m Scenariol (“S1”) utilizes industry data and NYISO load forecasts, representinga future
with high demand (57,144 MW winter peakand 208,679 GWhenergy demand in 2040)
and assumes less restrictions in renewable generation buildout options.

m Scenario?2 (“S2”) utilizes various assumptions consistentwith the Climate Action
Council Integration Analysis and represents a future with a moderate peakbutahigher

overall energy demand (42,301 MW winter peakand 235,731 GWh energy demandin
2040).

The load and capacity forecast for the two scenarios are shown in the following charts. Both
scenarios produce a blend of land-based wind (LBW), offshore wind (OSW), utility-scale solar
(UPV), behind-the-meter solar (BTM-PV) and energy storage (ESR) to meet the CLCPA policy
mandates through 2035. By 2040, all existing fossil generators are assumed tobe retired toachieve
the CLCPA target for a zero-emission grid, and are replaced by “dispatchable emission-free
resources” (DEFRs). These resources represent a proxy technology that will meet the flexibilityand
emissions-free energy needs of the future system but are not yet mature technologies thatare
commercially available (some examplesinclude hydrogen, renewable natural gas, small modular

nuclear reactors).

2 The complexity of detailed numerical assessment specific for year 2040 is beyond the limitation of the commercial software utilized in
this study. Certain details, suchas local constraints, were removed from the model.
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New York Generation Resource Mix Scenarios
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Scenario 1 favors land-based wind technologies to meet emission-free targets while Scenario 2
favors ablend of land-based wind and solar. By 2040, Scenario 1 builds approximately 45 GW of
DEFR generation capacity while Scenario 2 builds 27 GW. For reference, today’s New York fossil
fleet totals approximately 26 GW. The large amountof DEFR capacity in Scenario 1 results from a
35%higher peakload forecast than Scenario 2 despite havinga 13%]lower annual energy demand
in 2040. Both scenarios resultin significant DEFR capacity by 2035, butitisimportant tonote that
thelead time necessary for development, permitting, and construction of DEFR power plants was

not evaluated as part of this study and may not be achievable.

Related to demand forecasts, a secondary but significant driverto both the quantity and type of
generation selected by the capacity expansion model are capacity reserve margins. Wind, solar, and
energy storage capacity are modeled using declining capacity value curves related to the amount of
each technology added tothe system. These declining capacity values reflect the limited
effectiveness of wind, solar, and storage to meeting the estimated future reserve margin
requirements as more of each resource type isadded. The reduced values necessitate the addition
of DEFR technologies to meet these minimum statewide and locational resource requirements

because of their relatively high-capacity valuation assumed.

Inanother scenario, the NYISO analyzed the impacttothe resource mix ifinvestments are not
made in research, development, and commercialization of dispatchable emission -free resources.
The exclusion of DEFRs as a new technology option, while enforcing the retirement of fossil
generators via the zero-emission by 2040 policy, exhauststhe amount ofland-based wind builtand
resultsin the replacementof45 GW of DEFR capacityin Scenario 1 with 30 GW of offshore wind
and 40 GW of energy storage. Note that this capacity replacement estimate is intended tobe a
directional proxy and may not fully substitute for the attributes provided by eithertoday’s fossil
fueled fleet or by future DEFRs. Furtherreliability concerns, such as voltage support and dynamic
stability, may require other transmission system reinforcements to maintainreliability in the future

grid.

Theload and energy forecasts in the Policy Casesinclude the impact of electrification from
other sectors, such as building and transportation,into the power sector. Electrification is one of
thelargest factors driving rapid increases in peakand annual energy demand, which lead to the
need for new generation resources tomeet renewable energyand reliability needs. While other
sectors, such as transportation, currently account for alarger share of greenhouse gas emissions,

unmanaged electrification of the sector could lead to higher wholesale electricity system costs and
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reduced system reliability. The impacts of electrification on the power system should be monitored

and managed closely.

Road to 2040: Key Takeaways

m Significant new resource development will be required to achieve CLCPA energy
targets. The total installed generation capacity tomeet policy objectives within New
York is projected torange between 111 GW and 124 GW by 2040. Atleast 95 GW ofthis
capacity will consist of new generation projects and/or modifications to existing
plants3. Even with these additions, New York still may not be sufficient to fully meet
CLCPA compliance criteria4 and maintain the reliable electricity supply on which New

York consumersrely5. The sheer scale of resources needed to satisfy system reliability
and policy requirements within the next 20 years is unprecedented.

m To achieve an emission-free grid, dispatchable emission-free resources (DEFRs)
must be developed and deployed throughout New York. DEFRs that provide
sustained on-demand power and system stability will be essentialto meeting policy
objectives while maintaining a reliable electric grid. While essential to the grid of the
future, such DEFR technologies are not commercially viable today and will require
committed publicand privateinvestment in research and developmentefforts to
identify the most efficient and cost-effective technologies with a view towards the
development and eventual adoption of commercially viableresources. The
development and construction lead times necessary for these technologies may extend
beyond policy target dates.

m Asthe energy policies in neighboring regions evolve, New York’s imports and
exports of energy could vary significantly due to the resulting changes in
neighboring grids. New York is fortunate tohave stronginterconnections with
neighboring regions and has enjoyed reliability and economic benefits from such
connections. Furthermore, the availability of energy for interchange is predicted to
shift fundamentally as policy achievement progresses. Balancingthe need toserve
demand reliably while achievingNew York’s emission-free target will require
continuous monitoring and collaboration with our neighboring states.

Renewable Generation Pockets: Transmission Challenges and Opportunities
Due to the significant resource additions, new transmission constraints appear across the
system as CLCPA achievement approachesin 2040. Tobetter understand the impacts from these

new constraints, generation pockets are identified based on their geographical locations, as shown

on the following map. Each pocket depicts a geographic grouping of renewable generators, and

3 As compared to the 2021 baseline, including the in-front-of the meter and behind-the-meter renewable generation addition by 2040,
assuming deactivation of the existing fossil-fired generation

4 This report does not attempt to identify the resources needed to achieve full policy attainment.

5 Reliability will be further evaluated in the NYISO Reliability Planning Process through the Comprehensive Reliability Process and
Reliability Needs Assessment
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transmission constraints in alocal area and are further highlightedin sub-pockets. The renewable
generation pocket concept originated with the “70 x 30” scenarioin the 2019 economic planning
study, and a similar framework was used for this Outlook with the addition of the new energy

deliverability metric.

Energy deliverability representsthe ability of renewablegeneration (wind, solar, and hydro) to
inject energyintothe grid to serve end-use consumers without curtailment. Generally, energy
deliverability is reduced as more renewable capacity is added to the system, driven by transmission
constraints across the system. The greater the renewable generation curtailment in a given pocket,
the greater the opportunity for transmission investment. High curtailment pockets represent
transmission needs that mustbe addressedin order toachieve the public policy targets of the

CLCPA.

Curtailmentofrenewable generation occurs when a transmission line would otherwisebe
overloaded ifthat renewable generation were not reduced toalower outputlevel. The curtailment
of a specificrenewable generator is dependentupon both electrical location and energy market
bids. A second form of renewable generation reduction, termed “spillage,” can also occur. Spillage of
renewable energy can occur when all relevant dispatchableresources have beenset tominimum
levels and energy exportlimits have been reached, which would necessitate a reduction in
renewable generation outputtobalance the system. Spillage conditions are projected to occur as
earlyas 2030 and would be most prevalent during the spring season when electricitydemandis

low and renewable generator production is high.
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2021-2040 System & Resource Outlook: -~ RN
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Four pockets will particularly benefit from transmission expansion in the near-term: Finger
Lakes (Z1), Southern Tier (Z2), Watertown (X3), and Long Island. Without investmentin
transmission, these areas ofthe New York grid will experience persistent and significant limitations

to deliver the renewable power from these pockets to consumers in the upcoming years.

New York is interconnected to neighboring regions through the high-voltage transmission
network. Energy is transmitted in interstate commerce along the interstategrid based on bids and
offers across regional lines as provided by federal market rules approved by the Federal Energy
Regulatory Commission (FERC) underthe Federal Power Act. The economicand operational impact
from neighboring electric systems will continueto evolve as the neighboring states also strive to
achieve their respective energy policy targets. Whilethe interconnection with external areasis
substantial and provides many economic and reliability benefits, it also makes the New York grid
susceptible tochanges outside of the region, such as nuclear refurbishment/retirementin Ontario

leading toreduced congestion on the Central Eastinterface, and potential imports from external
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CO2-producing fossil generation, which impacts the zero-emission policy attainment in 2040.The
interregional impacts of state-specific policies are dynamicand the rapid changes will require
continuous monitoring and assessment. The NortheasternISO/RTO Planning Coordination Protocol
provides a mechanism by which studies of these impacts can be performed. Potential interregional
transmission solutions can be identified to further energy deliverability amongregions. The extent
to whichregions outside New Yorkadopt clean energy goals of their own will determine the mixof

renewable and non-renewable resources that are availabletoserve New York.

Renewable Generation Pockets: KeyTakeaways

m Transmission limitations prevent full delivery of renewable energy. A minimum
of 5 TWh of renewable energyin 2030 and 10 TWhin 2035 is projected to be curtailed
due to transmission limitations in renewable pockets. This equates toroughly 5%]less
renewable energy thatcan be counted toward the CLCPA targets.

m Transmission expansion is critical to facilitating efficient CLCP A energy target
achievement. The current New Yorktransmission system, at both local and bulklevels,
is inadequate toachieve currently required policy objectives. Some renewable
generation pockets throughout the State already face curtailments, more curtailments
will be experienced in the future and will become more constrained as an increasing
number ofintermittentgeneration resources connect.

m  Four pockets will particularly benefit from transmission expansion. The Finger
Lakes (Z1), Southern Tier (Z2), Watertown (X3), and Long Island. Without investment
in transmission, theseareas ofthe New York grid will experience persistentand
significant limitations to deliver the renewable power from these pockets to consumers
in the upcoming years.
Next Steps
The Outlook has, for the first time, built upon the data, modelling, and studies developed within
the NYISO’s System & Resource Planning Department and will serve as another buildingblock for
continued analyses and study workboth within and outside ofthe NYISO. The data and findings
provided by the Outlook are designed and intended to be used by policymakers, investors, and
other stakeholders toidentify the challenges and opportunities associated withachieving state

policiesin an economicand reliable manner.

The 2022 Reliability Needs Assessment (RNA) will leverage data from the Outlook to identify
commitmentand dispatchtrends and related bulk power system reliability impacts as policy goals
are approached. The 2022 Grid in Transition studythe NYISO is also performing will leverage data
from the Outlook to continue analysis surrounding potential grid needs and inform market designs
for the future grid.
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The 2022-2023 Public Policy Transmission Planning cycle kicks off in August, at which time the
NYISO will provide an opportunity for any stakeholders or interested parties to submit comments
regarding proposed transmission needs that may be driven by public policy requirements and for

which transmission solutions should be requested and evaluated.

Recommendations and Observations
The important findings identifiedin the 2021-2040 System & Resource Outlook are the basis

for several recommendations to address the challenges revealed by the study:

m Many transmission needs will arise over the next 20 years driven by public policy
requirements, most notable the New York State climate mandates enacted in 2019 and
2020.The most significant and urgent transmission needs include:

© LongIsland offshore wind export: the NYISO is currently evaluating the viable and
sufficient project proposals to the Long Island Offshore Wind Export Public Policy
Transmission Need (LongIsland PPTN), based on the Orderissued by the New
York State Public Service Commission on March 19,2021.Ifamore efficient or
cost-effective solution is selected tomeet the Long Island PPTN, the congestion in
LongIsland is expected tobe reduced significantly. However, offshore wind

resource additions ofup to 20 GW thatare under discussioné may necessitate
additional transmission to deliver offshore wind energy to New Yorkers.

© The Watertown/Tug Hill Plateaurenewablegeneration pocket (X3):the 115 kV
networkis expected to limit the availability of the already-contracted wind and
solar generation in this area, and the limitation will become more severe when
more renewable resources are interconnected. Additionaltransmission is
necessary toprovide the resources access to the bulk grid.

© Southern Tier renewable generation pocket (Z1,Z2): theland and natural
resource availability in thisregion (wind and solar) attract renewablegeneration
buildoutin this area. Transmission expansion from this pocket to the bulk grid
would benefit New York consumers statewide.

m Future uncertaintyisthe only thing certain about the electric power industry. From
policy advancements tonew dispatchable emissions-freeresource technology
innovation and ultimate development, the systemis set to change atarapid pace.
Situational awareness of system changes and continuous assessment are critical to
ensure areliable and lower-emissions grid for New York. The Economic Planning
databases and models will be continually updated with new information and the
Outlook study will be improved and performed on a biennial basis.

m Tomeetthe minimum capacity requirementin 2040, at least95to 110 GW of new
emission-free resources, including approximately 9.5 GW of new renewable resources,

¢ New York State Climate Action Council Draft Scoping Plan, December 30, 2021, available at, https://climate.ny.gov/Our-Climate-
Act/Draft-Scoping-Plan.
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will be required to come on-line. Furthermore, to fully achieve the emission-free grid
target by 2040, even more resources will likely be needed along with transmission to
deliver the clean power to consumers. The scope of the additional renewable resource
need is both substantial and unprecedented.Comparedto the 2.6 GW capacity entering
service in the past five years while New Yorkexperienced a netloss of approximately
2.2 GW, the installation rate in the next 20 years must increase significantly toachieve
statelaw climate change requirements.State agenciesshould consider releasing a more
detailed procurement schedule for renewable resources to guide the long-term system
planning and provide clarity to the market.

B The challengesidentified in the Outlook cannot be solved by any single entity. New
York’s Climate Action Council (CAC) hasreleased a draft scoping plan to reduce New
York State’s carbon footprint across all sectors, make our communities more resilient,
and adapttoa changing climate. This plan further supports the state’s mission by
quantifying the evolving challenges in the electricity sector resulting from widespread
beneficial electrification and making recommendations to address those challenges. In
addition to much more renewable resources, this planidentifies other key factors for
success, such as significant transmission expansion,and efficient peakload
management. The full set of comprehensive electric system requirements will need
participation among policymakers, generator owners, transmission owners, and
consumers. Communication and collaboration between stakeholders is essential to
making progress toward achieving policy objectives whilemaintaining an efficient
power market and reliable power grid.
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System & Resource Outlook Overview

In2020,the NYISO undertooka comprehensive review of its Economic Planning Process to
determine how the studies, tools, and metrics in that process could be enhanced. The impetus for
thereview arose from the rapidly shifting resource landscape towardrenewableresources driven
by the state’s enactment ofthe CLCPA and the Accelerated Renewables Act in two successive years
and by its other state clean energy policies. This changinglandscapeled the NYISO toengage
stakeholders toexamine how the NYISO’s Economic Planning studies could be enhanced toidentify
the most economic and efficient locations for the construction of renewable resources, the
transmission needed todeliver energy to consumers from onshore and offshore renewable
resources, and the impact of the renewable resources on the transmission system. The
enhancements developed extend the study outlookto 20 yearsand broaden the benefits considered
in evaluating potential projectstoaddress congestion, such as the deliverability of energy output
from new renewable resources and capacity cost savings associated with transmission expansion.

These enhancements wereapproved by stakeholders and were accepted by FERCin April 2021.

For the first time, the NYISO has compiled this 20-year System & Resource Outlook (The
Outlook). The Outlook provides a comprehensive overview of system resources and transmission
constraints throughout New York, highlighting opportunities for transmission investment driven by
economics and publicpolicy. Together, the Comprehensive Reliability Plan (CRP) and the System &
Resource Outlook provide a full reliability and economic power system outlook to stakeholders,

developers, and policymakers.

The Outlook provides a wide range of potential future system conditions and enables
comparisons between possible pathways to an increasinglylower emissions resource mix. By
forecasting transmission congestion, the NYISO will:

m Identifyregions of New York where renewable generation may be curtailed dueto
transmission constraints;

m  Quantify the extent towhich these constraints limitdelivery of renewableenergy to

consumers affect other forms of generation; and identify potential transmission
opportunities that may provide economic and/or operational benefits.

The new Outlook process provides transmission developers and resources the ability torequest
their own studies using the NYISO tools to identify the most economic opportunities for investment.
Moreover, if a developer proposes aregulated transmission project toaddress constraints
identified in the Economic Planning Process, the NYISO will perform an evaluation of the proposed

project. Load serving entities identified by the NYISO as the project beneficiaries must approve the
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selection of a proposed regulated transmission project by a super-majority vote. Ifa projectis

approved, itis eligible for cost allocation and recovery through the NYISO tariffs.

In the Outlook, the system is evaluated under various future system conditions and resource
buildouts to provide multiple potential future outcomes for analysis. Unlike previous Economic
Planning studies, which only evaluated a single base case, the Outlook evaluates three reference
cases. The development of each of the reference casesleverages NYISO’s expertise in power system

dataand modeling as well as ongoing meaningful engagement withstakeholders.
The three reference cases are:

Baseline Case - The Baseline isa “business-as-usual” type scenario that aligns with the
Reliability Planning Process to define the demand, generation, and transmission assumptions.
Strictinclusion ruleslimit the amount of new projects thatare assumed tobe completed in this case
for consideration, and generic future generation is added to meet reliability requirements through
2030, ifneeded. The Baseline utilizes the demand and energy forecasts from the 2021 NYISO Load &
Capacity Data Report (Gold Book).

Contract Case - This case builds upon the Baseline Case by adding incremental renewable
generation projects that have been the announced recipients of project awards and financial
contracts with the state (e.g., NYSERDA Renewable Energy Certificates (REC) contracts) and thus
have a higher likelihood of completion, even though they donot yet meet Baseline Case inclusion
rules. Incremental projects may include both those within New Yorkand within the neighboring

regions.

Policy Case - Assumptionsinthe Policy Case reflect the federal, state, and local policies that
impactthe New York power system. Examples of policies modeled in this case include the 70 x 30
renewable mandate and the 2040 zero-emissions directive. Toalign policy based review this
system representation will alsobe utilized as part of the Public Policy Process, including evaluation

of the Long Island Offshore Wind Export Public Policy Transmission Need.

The suite of analysesin the Outlook provides a wide range of potential future system conditions
and affords the ability to compare possible pathways to the future resource mix. Throughthe
projection of future transmission congestion utilizing complex hourlyproduction cost simulations,
the NYISO will: (1) identify regions of New York where renewable generation “pockets” are
expected to continue or form anew, (2) quantify the extent to which those pockets limit delivery of

renewable energy to consumers, and (3) present information for stakeholders toidentify potential
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transmission opportunities that may provideeconomicand operational benefits. In addition, the
NYISO will utilize the simulations to investigate and assess future system performance including
ramping, reserves, and cycling of conventional thermal generators. These analyses will, in turn,

inform reliability studies, including the 2022 Reliability Needs Assessment (RNA).
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State of System & Resource Planning

The Outlook is developed through the Economic Planning Process, which is part of the NYISO’s
Comprehensive System Planning Process (CSPP). The Outlook provides a comprehensive overview
of the potential system resource development and transmission constraintsthroughoutNew York,
and highlights opportunities for transmission investment driven by economics and publicpolicy.
Through the CSPP, numerous assessments, evaluations, and plans are developed and relied upon by
the NYISO to conduct system planning, includingdemand forecast & analysis, reliability planning,

economic planning, public policy planning,interregional planning, and interconnection studies.

State of the Grid

How New York’s power grid serves consumers is changing dramatically, and the bulk power
system is evolving to meet the state’s clean energy objectives. The NYISO offers two annual
publications: the Load & Capacity Data Report” (“Gold Book”) and Power Trends8, that provide

independent sources ofinformation and analysis on New York’s complex electric system.

The New York Control Area (NYCA) is comprised of 11 geographical zones from western New
York (Zone A) through LongIsland (Zone K). These zones are referred to throughout this report to
provide locational details regarding system demand, projectedresource mixes, and anticipated

transmission constraints. A map ofthe NYISO zones is shown in Figure 1.

Figure 1: NYISO Load Zone Map
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The detailed data and analysis of the generation in New York can be found in Power Trends.
A summary of the current system resources is provided below to facilitate understanding of the
findingsin thisreport. Figure 2 depicts the projected mix of resource capacity expectedtobe
available for the 2022 summer capability period. Figure 3 provides the energy production by fuel
sourcesin 2021.In 2021, zero-emission resources made up 91% of upstate production, while fossil

units downstate made up 89% ofthe production from that region.
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Figure 2: Summer Installed Capacity (MW) by Fuel Source -

Statewide, Upstate, & Downstate New York: 2022
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Figure 3: Energy Production by Fuel Source (GWh) -
Statewide, Upstate, & Downstate NewYork: 2021
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Demand Forecasting & Analysis
The 2022 Gold Book presents the NYISO load and capacity data for 2022 and future years,
including historicand future energy and peak forecasts through 2052, existing and proposed

generating capacity projected through2032,and existing and proposed transmission facilities.

Figure 4: NYCA Baseline Annual Energy Forecast Components (GWh)

300,000
250,000
200,000
150,000
100,000

50,000

; ::!!llllllllllllllIIIIIIIIIIII

-100,000

oo A A A A A AN NN NN NN NN MMM MMM m < < < < < < < T U W
(= = ] OO0 O0O0COCCcCCoCOoO0O0O000O0O0CO0Oo OO0 0000000000000 0000
NN AN AN AN AN AN AN AN AN NN NN NN NN AN NN NN NN NN NN NN NN N NN
mmm Historical Annual Energy mmm Econometric Energy W EE and C&S

BTM Solar PV mm BTM Non-Solar DG mmm Storage Net Energy
mm EV Energy mmmm Building Electrification =—Final Annual Energy

The Gold Book Baseline forecast estimates a transition from a summer peaking systemtoa

winter peaking system in 2034.

Figure 5: Electric Summer and Winter Peak Demand - Actual & Forecast:2021-2052
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Overa 30-year horizon, the New York Control Area (NYCA) baseline energy and summer peak
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demand forecast growth rates both increased compared to 2021, as shown in the following table:

Figure 6: Gold Book Average Annual NYCA Baseline Energy and Summer Peak Demand Growth Rates

Average Annual Growth Rates
Publication

Baseline Energy Usage Baseline Summer Peak Demand
Years 1-30 | Years 1-10 |Years 11-20 | Years 21-30  Years 1-30 | Years 1-10 |Years 11-20 | Years 21-30

2021 Gold Book

(2021-2051) 0.96% -0.28% 1.15% 1.88% 0.20% -0.24% 0.44% 0.39%
2022 Gold Book
(2022-2052) 1.04% 0.22% 2.25% 0.49% 0.39% 0.14% 0.68% 0.32%

Peakload and energy demand remains stable over the first decade of the forecast, as energy
efficiency and BTM-PV installations offset expected econometricload growth. Demandincreasesin
the latter decades as increased adoption of electrification end uses in the building and
transportation sector outpace continuedload reductions from energy efficiency and BTM-PV. Due
to these forecasted changes, the NYCA systemis expected to transition from a summer toa winter
peaking system, driven principally by electrification of space heating, in the mid-2030s. Theactual
loads experienced by the electric system will depend on assumptions related toload flexibility and

adoption rates of electrification across scenarios.

Total generation resource capability in New York for the summer of 2022 is projected tobe
41,060 MW, which includes 37,431 MW of generating capability, 1,164 MW of Special Case
Resources (“SCR”) and/or demand response, and 2,465 MW of netlong-term purchases and sales
with neighboring control areas. The generation capacity projection beyond2022 is discussed

furtherin this report.

Forthe 2022-23 capability year beginning May 1,2022, the approved Installed Reserve Margin
(“IRM”) is 19.6%. Based on a projected summer 2022 peakdemandof 31,765 MW, the total

installed capacity requirementfor the upcoming summer capability period is 37,991 MW.
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Figure 7: Statewide Resource Availability: Summer 2022
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Transmission Additions
Three public policy transmission projects have been includedin all of the analyses, as selected
by the NYISO Board of Directors: Western New York (Empire State Line by NextEraEnergy
Transmission New York, Inc.), AC Transmission Segment A (Segment A Double Circuitby LS Power
Grid New York, LLC and NYPA), and AC Transmission Segment B (Segment B Knickerbocker-PV by
National Grid and New York Transco). The Empire State Line is now in-service while Segment A

and Segment B are under construction.

Additionally, threeproposed transmission additions beyond the baseline are included in the
Road to 2040 Policy Case analysis: the Smart Path Connect Project and two “Tier 4” projects. Even
though these projects are not under construction yet, they have certain approvals by the New York

Public Service Commission (NYPSC) tomeet CLCPA targets.

New York Power Authority’s Smart Path Connect Project®is a “priority transmission project”
upgrading the existing230 kVlines in Northern New Yorkto 345 kV, along with substation
construction and upgrades. Two other projects received Tier 4 renewable energy credit(REC)
awards and their contracts have been accepted by the Commission to establish transmission

corridors to bring renewable energy to New York City:

9 Smart Path Connect (nypa.gov), approved in October 2020 by NYSPSC under New York’s Accelerated Renewable

Energy Growth and Community Benefit Act
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m Champlain Hudson Power Express project10 (CHPE), jointly developed by Transmission
Developers, Inc.,and Hydro-Québec,isa 1,250 MW, 375-mile submarine and
underground HVDC transmission project deliveringpower from Québec, Canada to
New York City.

m CleanPath New Yorkproject!! (CPNY), jointly developed by Forward Power (ajoint
venture of Invenergy and EnergyRe) and the New York Power Authority,isa 1,300

MW, 174 mile undergroundand submarine HVDC transmission line from Fraser
substation in upstate New Yorkto New York City.

Comprehensive System Planning Process

Understandingthe impacts of state public policy initiatives to the generation, transmission, and
load components of the bulkelectric system is critical to understanding the challengestoreliable
electricservice in the comingyears. The NYISO is evolving its CSPP to match the pace of change on
the grid while continuing to find needs and opportunities for investmentto promote reliable and

efficient operations.

The CSPP establishesthe specificrules by which the NYISO solicits, evaluates, and selects
solutions to addressreliability, economic, and public policy-driventransmission needsin New York
The NYISO’s CSPP has four components—the Local Transmission PlanningProcess, the Reliability
Planning Process/Short-Term Reliability Process, the Economic Planning Process, and the Public
Policy Transmission Planning Process. In concert with these four components,interregional
planningis conducted with the NYISO’s neighboring control areasin the United States and Canada

under the Northeastern ISO/RTO Planning Coordination Protocol.

10 https:/ /chpexpress.com

1 https:/ /www.cleanpathny.com
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Figure 8: NYISO Comprehensive System Planning Process
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NYISO Comprehensive System Planning Process
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Reliability Planning Process

The Reliability PlanningProcess is composed of four components:

1. Eachtransmission owner conductsa public Local Transmission Planning Process for its

transmission district thatfeedsinto statewide planning;

2. Thequarterly Short-Term Assessments of Reliability (STARs)address near-term needs,
with afocus on needs arising in the next three years. The Short-Term Reliability
Processincludes assessing the potential for reliability needs arising from proposed

generator deactivations;

3. TheReliability Needs Assessment (RNA) focuses on longer-term reliability needs for

years four through ten of a ten-year, forward looking study period; and

4. The Comprehensive Reliability Plan (CRP) integrates all of the planning studiesintoa

ten-year reliability for New York.
Together, these processes enable the NYISO to identify reliability needs through a continuous
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study process ranging from localized needs tobroader statewide needs arising over the next

decade.

The 2021-2030 Comprehensive Reliability Plan (CRP)12 completedthe NYISO’s 2020-2021 cyde
of the Reliability PlanningProcess. The 2020 Reliability Needs Assessment (RNA)13, approved by
the NYISO Board of Directorsin November 2020, was the first step of that process. The CRP
followed the 2020 RNA and post-RNA updates and incorporated findings and solutions from the
quarterly Short-Term Reliability Process. The CRP concluded thatthe New York State Bulk Power
Transmission Facilities as planned will meet all currently applicable reliability criteriafrom 2021
through 2030 for forecasted system demand in normal weather.Some risk factors to system
reliability are noted, namely tightening reserve margins due toadditional loss of generation, any

delaysin planned transmission projects, and extreme weather events such as heatwaves or storms.

The CRP alsonotes that the mandatesin New York’s Climate Leadership and Community
Protection Act (CLCPA) of 70% of electricity from renewable resources by 2030 and zero-emissions
electricity by 2040 mark significant changes to the electric system, and that understanding the
impacts of these mandates s critical to understanding the challenges of maintaining system
reliability. Transmission will play a key role in moving energy from the renewable resourcesto the
load centers. Several transmission projects have been approved across upstate toaccommodate
delivery of renewable energy from northern New York. The NYISO is currently evaluating
transmission solutions toaddress the NYSPSC-identified need for facilities to deliver power from
offshore wind. Even with the potential benefits provided by these bulk system projects, several
renewable generation pockets across the state are projected to persist, which could constrain
output from renewable resources, including production from offshore wind. As the level of
renewable resource generation increases, the grid willneed sufficient flexible and dispatchable
resources to balance variations in wind and solar output, which may alsobe constrained by

transmission congestion.

The integration of batteries will help store energy for later use on the grid, which will aid with
the short duration and daily cycles of reducing renewable resource output. The scope of planned
battery storage alone, given its current capabilities and technologicaladvancements, however, will
not meet system needs to balance intermittent resources when renewable resources are

unavailable.

12 https:/ /www.nyiso.com/documents /20142 /2248481/2021-2030-Comprehensive-Reliability-Plan. pdf,
13 https:/ /www.nviso.com/documents /20142 /2248793/2020-RN AReport-Nov2020.pdf
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Looking ahead to 2040, the policy for a zero-emissions electric system will alsorequire the
development of new technologies to maintain the supply demand balance. Substantial dispatchable
emission-free resources (DEFR) will be required to fully replace fossil fuel ed generation, which
currently serves as the primary balancing resource.Long-duration, dispatchable, and emission-free
resources will be necessary tomaintain reliability and meetthe objectives of the CLCPA. Resources
with this combination of attributes are not commercially available at this time but their successful

development will be critical to future grid reliability.

Public Policy Transmission Planning Process

The Public Policy Transmission Planning Process (PPTPP)is conducted in parallel with the RNA
and the CRP. It occurs in two phases: Phase I, [dentify Needsand Assess Solutions; and Phase I,
Transmission Evaluation and Selection.In Phase I, the NYISO solicits stakeholderinput regarding
transmission needs driven by Public Policy Requirements, and the NYSPSC identifies transmission
needs and defines additional evaluation criteria. The NYISO holds a technical conference and then
solicits solutions to address the identified needs. After receivingthe submissions, the NYISO
determines which ones are viable and sufficient to meet the publicpolicy need. InPhasell, the
NYISO evaluates the viable and sufficienttransmission solutions thatdecide to proceed and
recommends the more efficient or cost-effective solution. Thereafter,the NYISO Board may selecta

transmission solution for purposes of cost allocation and recovery under the NYISO Tariff.

In August 2020, the NYISO solicited stakeholder input and received 15 proposals for
transmission needs driven by Public Policy Requirements, including the CLCPAand the Accelerated
Renewable Growthand Community Benefit Act, and submitted those proposals tothe NYSPSC.
Eleven of those proposals, associated with the developmentoftransmission in support of offshore
wind generation, were also submitted to the Long Island Power Authority for consideration. In its
comments tothe NYSPSC, the NYISO expressedits support for declaration of Public Policy
Transmission Needs to deliver renewable energy to consumers from upstate generation pockets,
offshore wind facilities connected to Long Island, and offshore wind facilities connected to New

York City.

The Long Island Power Authority Board of Trustees identified a transmission need for offshore
wind onto and exported from Long Island to the rest of New York State to meet state climate change
law requirements. Basedon thisreferral and input from the NYISO and other interested parties,
the NYSPSCissued an order declaring that offshore wind goals are driving the need for additional

transmission facilities toadd atleast one transmission cable todeliver atleast 3,000 MW of
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offshore wind output from Long Island tothe rest of New York State, along with local transmission
system upgrades on LongIsland itself. The NYSPSC referred the identified need tothe NYISO to
solicit potential solutions. Nineteen projects were proposed by four developers, sixteen of which
were found to be viable and sufficient. The NYISO is evaluating those projects torecommend to the
Board of Directors the more efficient or cost-effective project tomeet the need, with results

expectedin2023.

The 2022-2023 cycle ofthe Public Policy Transmission Planning Process will commence in
August 2022 with arequest for proposed transmission needs being driven by Public Policy
Requirements. Following the 60-day request window, the NYISO will file the proposals with the PSC

for their consideration toidentify Public Policy Transmission Needs.

Interconnection Studies

The NYISO’s interconnection processes!4are crucial to facilitating the development and
interconnection of proposed generation, transmission, and load facilities tothe NYCA system. The
interconnection process supports grid reliability by identifying potentialadverse impacts due to
proposed projects, and requires coordination betweenthe NYISO, developers,and associated
transmission owners throughoutthe process as well as consultation with affected external regions.
These ongoing processes are necessary to accommodate the significant portfolio of new projects
that developers are proposing tointerconnect tothe grid in response to state policies. Of note, a
significant portion of the new projects are renewable energy and energy storage resources, as

shown below in Figure 9 tohelp address these policies.

14 https:/ /www.nviso.com/interconnections
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Figure 9: Proposed Renewable Energy Capacity in the NYISO Interconnection Queue
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Similar to other NYISO planning studies, the NYISO’s interconnection process is key to the
generation and load assumptionsin the 2021-2040 System & Resource Outlook study. As it pertains
to the Outlook study, the NYISO’s Interconnection Queuewas used as areference in each of the
three cases (Baseline, Contract, and Policy Cases) for purposes of generation placement within New
York. The Baseline and Contract Casesinclude proposed generation and load projects based on the
NYISO’s Interconnection Queue, as determined using inclusion rules for each case. Specific to the
Policy Case, the Interconnection Queue was one of many sources of information in guiding the
process of translating the generation expansion results from the capacity expansion model ata
zonal level intodiscrete generators at the nodal level in system modeling. Additional information

on the generator placementprocess for the Policy Case is provided in Appendix E.3.
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Contracted Renewable Resources

The policies and laws mandated by the CLCPA are driving an unprecedented change in New
York’s power sector as it transitions toan emissions-free electric system. Whilethe transition is
being implemented by many differententities, NYSERDA plays a key role. Through an annual
request for proposals, NYSERDA solicits bids from eligible new large -scale renewable resources and
procures Renewable Energy Certificates (“RECs”) from these facilities. These credits enable an
entity tosell the renewable attribute oftheir electrical output and thereby procure financing for
their projects. The “Contract Case” evaluated in this Outlookadds approximately 9,500 MW of new
contracted renewableresources, including 4,262 MW of solar, 899 MW of land-based wind, and
4,316 MW of offshore wind. The addition ofthese resources to the Baseline system representation

provides insights regardingtheir impact on system performance in the future.

The analysis performed focuses on transmission congestion and how patterns change through
time as New York State contracted renewable projects are added to the system. This section begins
with the Baseline to establish a reference point then advances to the Contract Case to calculate the
impact of contracted resources. Itisimportant tonote that neither the Baselinenor the Contract
Case models generation additions or retirementsbeyond what wasincluded in the 2021-2030

Comprehensive Reliability Plan or what has been contracted by the State.

Baseline Assessment

The Outlook Baseline Case can be viewed asa “Business as Usual” case starting with the most
recent Reliability Planning Process Base Case and incorporating incremental resource changes
based on the NYISO’s Reliability Planning Process study inclusion rules.!5 The strict inclusion rules
limit the amount of new projects that are assumed tobe completed in this case, and generic future
generation isadded to meetreliability requirements through 2030, ifneeded. The Baseline utilizes

the demand and energy forecasts from the 2021 NYISO Load & Capacity Data Report (“Gold Book”).

Key Assumptions

The 2021-2040 Outlook study period aligns with the ten-year planning horizon for the 2021-
2030 Comprehensive Reliability Plan plus an additional ten years to extend to 2040. Study
assumptions are based on any conditions that met the NYISO’s inclusion rules as of the lock-down
date for datainputsinto the Outlook. The NYISO chose August 1,2021 as the Baseline Case lock-

down date as italigns with the most recent reliability case lockdown date for the 2021-2030

15 See Reliability Planning Process Manual, Manual No. 36, § 3.2.
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Comprehensive Reliability Plan. The proposed generator status changes related to the DEC Peaker

Rule are included according to each unit’s compliance plan?e.

Appendix Cand Dinclude a detailed description of the assumptions utilized in the Outlook

analysis. Some key assumptions for the Baseline Case are:

m Theload and capacity forecasts are updated usingthe 2021 Load and Capacity Data
Report (“Gold Book”) Baseline forecast for energy and peakdemand by zone for the 20-

year study period. New resources and changes in resource capacity ratings were
incorporated based on the Reliability Needs Assessment inclusion rules.

Figure 10: Baseline Case NYCA Capacity and Peak Loads
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m Thenetworkconfiguration aligns with the 2021 Reliability Planning Process as the
starting pointand is updated with the latest information from the 2021 Gold Book.

m Thetransmission and constraint model utilizes a bulk power system representation for

most of the Eastern Interconnection. The model uses transfer limits and actual
operatinglimits from the 2021 Reliability PlanningProcess case.

m Production cost curves, unit heat rates, fuel forecasts, and emission allowance price
forecasts were developed by the NYISO from multiple data sets, including public
domain information, proprietary forecasts, and confidential market information. The

model includes scheduled generation maintenance periods based on a combination of
each unit’s planned and forced outage rates.

Supply and Demand Analysis
A production cost simulation is performed to provide a projection of the types of generation to

meet energy demand through time on an hourly basis, like today’s day-ahead energy market.

16 Table VI-6, Proposed Generator Status Changes to Comply with DEC Peaker Rule, 2022 Gold Book
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Figure 11 shows the annual projection of generation by unit type, along with the forecast of net

imports and load.

Figure 11: Baseline Case NYCA Generation and Net Imports (GWh)
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Under Baseline conditions, demand is projected to continue to be served primarily by fossil
generation. Only a small percentage of generation is sourced from solar and wind generation. The
increase in demand through the study period is met by incremental energy produced by existing

fossil generation and imports.

Transmission Congestion Assessment

The Outlook includes the development of a twenty-year projection of future costs of
transmission congestion (demand$ congestion). This projection is combined with the past five
years of historic congestion to identify significant and recurring congestion on the New York
transmission system. A detailedassessment of historicand projected congestion islocated in

Appendix|.

Theidentified congested elements from the twenty-year projection are appended to the past
five years of identified historic congested elements to develop twenty-five years of demand
congestion statistics for each initially identified top constraint. The twenty-fiveyears of statistics
are analyzed toidentify recurring congestion. Ranking the identified constraintsis initially based on

the highest present value of congestion over the twenty-five year period.

The demand congestion is projected toreduce significantly in the Baseline Case. The key drivers
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include: the addition of the Western New Yorkand AC Transmission Public Policy Transmission
Projects, and the retirementand refurbishment of nuclear generatorsin Ontarioas well asan
increase in forecasted energy demand in thatregion. As aresult, the 20-year total projected total
demand congestion on Central Eastinterface is a fraction of the 5 -year historical total. Figure 12
lists the ranked elements based on the highest present value of congestion over the twenty -five

years of the study, including both positive and negative congestion.

Figure 12: Ranked Elements Based on the Highest Present Value (2021 $M) of Demand$ Congestion over
the 25-Year Aggregate (Baseline Case)?

. : . Historic +
.. Historic Total Projected Total .
Congested Transmission (5 Years) (20 Years) Projected Total

(25 Years)
Central East Interface 3,487 1,061 4,548
Dunwoodie - Long Island (Y49 & Y50) 733 467 1,200
Edic - Marcy 345 kV 359 0 359
Leeds - Pleasant Valley 345 kV 266 5 271
North Waverly - East Sayre 115 kV 0 251 251
Greenwood Load Pocket 203 22 225
Dunwoodie - Motthaven 345 kV 164 35 199
Packard - Huntley 230 kV 184 0 184
Elwood - Pulaski 69 kV 0 161 161
Chester - Shoemaker 138 kV 34 101 135
Volney - Scriba 345 kV 7 107 114
New Scotland - Knickerbocker 345 kV 0 73 73

UPNY - ConEd Interface 10 58 67

Sugarloaf - Ramapo 138 kV 0 59 59
Northport - Pilgrim 69 kV 0 55 55
Greenbush - Stephentown 115 kV 0 49 49

The historicand future congestion analysis shows that several of the most severe bulk-level
transmission constraints,such as Central East, will decline compared to historiclevels. Three ofthe

top four congested elements will decline directly due to the AC transmission projects.

Contracted Renewable Generation Assessment
Through an annual request for proposals, NYSERDA solicits bids from eligible new large-scale

renewable resources and procures Renewable Energy Certificates (“RECs”) from these facilities.18

17 North Waverly — East Sayre 115kV tie line between First Energy East and NY maybe opened in real-time operation
in accordance with NYISO and PJM Operating Procedures provided that thisaction does not cause unacceptable
impact on local reliability in either system. Congestion reported in this tableis a result of securing the line for N-1
contingencyin production cost simulations.

18 https:/ /data.ny.cov/Enerov-Environment /T arce-scale-Renewable-Projects-Reported-byv-NYSERDA /dprp-55ve
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The Contract Case builds off the Baseline Case and additionally models the awarded generation
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units through NYSERDA’s 2020 Solicitation that have not yet met the inclusion rules of the Outlook

Baseline Case. Approximately 9,500 MW of new renewable units are added in this case, including

4,262 MW of solar, 899 MW of land-based wind, and 4,316 MW of offshore wind. The zonal

breakdown of these additions is shown below.19On June 2,2022 NYSERDA released the results of

the 2021 REC Solicitation, announcing contracting with 22 new solar projects totaling 2,408 MW,

which were notincluded in this assessment as they were announced after the analysis was

complete.20

Figure 13:Zonal Renewable Generation Additions in the Contract Case (MW)
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Supply and Demand Analysis

Similar tothe Baseline, a production cost simulation is performed to provide a projection of the

types of generation utilized to meet energy demand throughtime on an hourly basis, like today’s

day-ahead energy market. Future energy production from renewable projectsis modeled based on

historical production patterns as well as data from National Renewable Energy Laboratory. The

figure below shows the annual energy generation by each resource type in the Contract Case.

19 A more detailed list of units added to the Contract Case can be found at
https:/ /www.nviso.com/documents /20142 /26278859 /System Resource Outlook-

Contract_Case Renewables xIsx;

20 https:/ /www.nvserda.nv.cov/ All-Programs/ Clean-Enerov-Standard /Renewable-Generators-and-Developers /RES-

Tier-One-Eligibility/ Solicitations-for-ILone-term-Contracts /2021 -Solicitation-Resources
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Figure 14:Projected NYCA Energy Generated by Fuel Type, Contract Case
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Figure 15 shows the changesin projected NYCA generation from the Baseline Case tothe
Contract Case, by fuel type. As renewable energy from wind and solar increases, it displaces in-state
fossil-fueled generation and net imports from neighboring regions. The addition of over 9 GW of

renewable capacity produces over 20 GWh of energy annually.

Figure 15: Projected Change in NYCA Energy Generatedby Fuel Type, Contract Case
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Transmission Congestion Assessment
Bulklevel constraints that are historically binding remain among the most congested elements.
Over time, generation from fossil fueled plants in the model is replaced with output from land-
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based wind and solar renewable energy resources additions located upstate and away from load
centersin Southeast New York. Some constraints could become more congested and new

constraints might appear due toresource shifts in the system.

The NYISO observes the most significantincrease in congestion in in Southeast New York due to
the addition of offshore wind resources. The constraints with the most prominent increases in
congestion are Sugarloafto Ramapo, New Scotland to Knickerbocker, Central East Interface, and

Dunwoodie to LongIsland (Y49 & Y50 lines).

Figure 16: Number of Congested Hours by Constraint, Baseline and Contract Cases21
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Figure 16 shows the number ofhours that bulklevel constraints are congested in the year 2030.
Because most of the contracted resources are scheduledtobe in-service by this time, using 2030 as
the reference year for comparison between the Baselineand Contract cases is particularly
meaningful. The numberof congested hours is the primary metric used to identify congested
elements in the pocket analysis for the contract and policy cases. Itindicates the amount oftime the

flow on a particular elementis at, or over, its limit in a specificyear.

Historically congested paths such asthe Central East Interface show very low numbers of
congested hours in the Baseline Case as well as the Contract Case. This can be attributedto the
following major factors: (1) the completion of AC Transmission Public Policy Projects scheduled for

December 2023, (2) lower imports from Ontario due tonuclear refurbishments and retirements

21 Congestion reported on Northern Ontario Tie may not reflect actual operation of PAR controlled interface which operates at a fixed schedule to
reduce congestion on either side of the interface. Projected congestion teported here is a result of secuting the interface in production cost
simulation analysis. The Stolle Road 345/115 kV transformer congestion reported is a result of a contingency that may not reflect actual
topology in the Stolle Road substation.
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there, and (3) higher loads overall in upstate New York compared to prior study cycles due to new
proposed large load projects. The Dunwoodie to Long Island interface (Y49 & Y50 lines), which is
highly congested in the Baseline Case, is congested for fewer hoursin the Contract Case as a result
of offshore wind resourcesinjecting into Long Island and counteracting some of the flow coming
intotheisland through the Y49 and Y50 lines. The North Tie: Ontario-NY interface, which is
comprised of the St. Lawrence L33 and L34 PARs on the New Yorkto Ontarioborder, remains

highly congested in both cases.

The two parallel 138 kVlines from Barrett to Valley Stream on Long Island are some of the most
congested elements in the system in the Contract Case. Congestion on these lines results from the
injection of offshore wind energy interconnected to the Barrett substation. This study does not
model the proposed Long Island Offshore Wind Export Public Policy Transmission, nor does it
include system interconnection upgrades that are yet tobe determined for contracted resources in

the NYISO Interconnection Process.

The NYISOis currently evaluating the viableand sufficient project proposals to the Long Island
Offshore Wind Export Public Policy Transmission Need (LongIsland PPTN), based on the Order
issued by the NYPSC on March 19,2021.1fa more efficient or cost-effective solution is selected to
meetthe LongIsland PPTN, the congestion is expected to be reduced significantly.

Policy Implications of Renewable Contracts

Renewable resource projects includedin the Contract Case furtherthe progress toward meeting
the 70%renewable energy and 100% emission-free CLCPA targets. In addition tothe contracted
projects, policy achievement also depends on maintainingcurrent levels of existing renewables
such as currently operating hydroresources: Given thatrenewableresources were added through
the 2020 REC Solicitation, the policy targets are not expected tobe attained with current contracts
alone. Asshown in Figure 17, the renewableenergy percentage projectedtobe greater than 60%
when considering the projects modeled in the Contract Case as well as more recently announced

renewable procurements.
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Figure 17:70x30 Policy Progress Estimate22
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While policy targets are not met through the assumed amountofrenewable generation in the

Contract Case, CO2 emissions decrease significantly.

22 ¥ stimated 2021 renewable energy per NYSERDA CES Compliance Report for 2020 compliance year,
https://documents.dps.ny.gov/public/Common /ViewDoc.aspx?DocRefld=%7bFAA057E2-4684-440A-BF60-
AEDS5E49D5640%7d

**Renewable energy modeled from projects included in the Outlook Contract Case, which represent NYSERDA
awarded projects through the 2020 Tier 1 solicitation, full list include here:
https:/ /www.nyiso.com/documents /20142 /26278859 /System Resource Outlook-
Contract Case Renewablesxlsx/8703b05f-a075-a6ae-7f3b-87f0e7717b10

***¥Max annual contract quantity of renewable energy from projects awarded in the 2021 NYSERDA Tier 1

solicitation, https://www.nyserda.ny.gov/All-Programs /Clean-FEnergy-Standard /Renewable-Generators-and -

Developers /RES-Tier-One-Eligibility/Solicitations-for-I.ong-term-Contracts/2021-Solicitation-Resources
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Figure 18 shows the projected change in CO2 emissions due toadditional contracted renewables

as representedin the Contract Case.
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Figure 18: Projected Change in CO2 Emissions, Contract Case
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New York State sees an annual reduction of approximately 6 million tons of carbon dioxide over

most of the study period.

Baseline System and Contracted Renewables: Key Takeaways

In the Baseline Case (business-as-usual), demand congestion declines sharplyin the
first five years of the study period across the Central Eastinterface. The key drivers
include the addition ofthe NYISO-selected public policy transmission projects
(Western New Yorkand AC Transmission Segments A and B), retirement and
refurbishment of nuclear generators in Ontario, and an increase in forecasted energy
demand in Ontariothat diminishes available surplus power. Asaresult, the projected
20-year total congestion on the Central Eastinterface is a fraction of the five-year
historical total.

In many parts of the New York grid, transmission constraints form a perimeter around
renewable resource development areas, creating renewable generation pockets. The
greater the transmission constraints in the pockets, the greaterthe renewable
generation will be curtailed (i.e., prevented from generating their full potential energy).
These pockets resultin an inability of renewable resourcesto deliver the potential
energy to the grid and to consumers. More pockets may develop in the system where
geographiclocations might be suitable for renewable energy development butexisting
transmission infrastructure may not be adequateto allow all such renewable
generation to operate.

New proposed large loads, including new cryptocurrency mining facilities locatedin
Western, Central, and NorthernNew York (Zones A, C,and D, respectively) are served
primarily by increased outputfrom fossil fueled generation located upstate. Asaresult,
CO: emissions and zonal demand congestion increase as such large demand centers are
added tothe grid.

Curtailmentofresources and congestion patterns are highly dependent on the type of

DRAFT - For Discussion Purposes Only
Contracted Renewable Resources 2021-2040 System & Resource Outlook | 46



&= New York ISO

resources added, where the resources are located in the system, thetransmission
system topology, and capability of available transmission lines to deliver power to
loads.

m Overall, the offshore wind resources connected to Long Island account for the majority

of curtailmentin the Contract Case. Injecting largeamounts of power intoa
transmission system not designed to handle such levels causes curtailment.
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Road to 2040

The Climate Leadership and Community Protection Act establishes several policy requirements
to materially change the resourcemix and system demand of the New Yorkelectricgrid. Over the
nexttwenty years, the CLCPA mandatesthat New Yorkbe served by 70% renewable energy by
2030 (“70x 30”),includes specific technology-based targets for distributed solar (6 GW by 2025,
additional 4 GW by 2030), storage (3 GW by 2030), and offshore wind (9 GW by 2035) and
ultimately establishes that the electric sector will be carbon free by 2040. These policies will likely
resultin the acceleration of conventional generation retirements well in advance ofthe 2040 target
year. Aspartof the Outlook, the NYISO assesses arange of future scenarios tounderstand the

breadth of challenges and potential systemrisks.

The dramatic transformation of New York State’s energy industry aimed at mitigating the
effects of climate change is primarily drivenby public policies and is being unde rtaken by branches
of the New York State government. The climate changerelatedpolicies in the electricsector are
being implemented through many initiatives, including the development of renewable generation
and storage, reductions in COz emissions, and specific technology-basedtargets. Each goal or target
drives project procurement decisionsmade by NYSERDA.The Contract Case includes projects with
existing contracts implemented throughthe 2020 REC Solicitation. That case represents the
current outlook of the system with contractsin hand atthe time assumptionswere locked down on
December1,2021. Recognizing that resourcesincorporatedin the Contract Case alone donotyet
satisfy the State policies with solicitations expected to continue for the next five years, the NYISO
has established a Policy Case to evaluate future scenarios that expand renewableresource capacity

meet those policy objectives.

Policy Case Process Overview
The assessment of the Road to 2040 has the following major components; (1) resource
assessment via capacity expansion simulation, (2) transmission congestion assessmentvia

production cost simulation, and (3) an evaluation of policy attainment.

Given the significant uncertainty thatexists surrounding the pathto achieving policy objectives,
the NYISO has modeled capacity expansion in the Economic Planning Process to evaluate many
alternative pathstoachieving the renewable resourcebuildout. The capacity expansion model
optimizes future generation buildout to minimize capital and operating costs while alsoachieving

each specific policy modeled (e.g., 70 x 30 and zero-emissions by 2040 targets).
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The capacity expansion optimization waslimited tothe NYCA system only, and does notinclude
imports or exports, except that the contributions from Tier 4 projects are included as soon as the
projects are assumed tobe in-service. Due tothe CLCPA requirement of a zero emissions grid by
2040, the NYISO modeled all fossil-fueled generation as retired by that time. Existing zero-emitting
generation, such asnuclear, hydro, land-basedwind, and utility-scale solar generation, remains

operational in the system through 2040.

The placement of future renewable generation will likely be limited by the footprint
requirementofeach technology. In this study, maximum allowable capacities are enforced for
applicable generator types by zone based on 2040 limitations consistent with the assumptions of

the Climate Action Council Draft Scoping Plan.23

The key input assumptions that drive the types and quantities of resource addition and
replacementin the capacity expansion analysis are peak demand forecast, energy demand forecast,
capital and operation and maintenance cost associated with each technology, age of the existing
fossil-fueled and nuclear fleet, and energy output from existing resources. The details are included

in Appendices Cand D.

The correlation between a generator’s energy output and the energy demand forecast affects
both the amount and the type of capacity built. For instance, the energy contribution from solar is
nonexistent at night, which greatly impactsthe decision as towhether it gets selected for

generation expansion in the capacity optimization.

Generation expansion is enabled at the zonal level, such that one representative generator per
typeis allowed for each applicable NYCA zone. The generator buildouts determined by the capacity
expansion optimization are then translated to discrete generators with specific substation level
placementsin the production cost modeling for the Policy Case to show how a selected buildout

operates on an hourly basis within a networked transmission system.

The existing interconnection queue was leveraged as a starting point toidentify probable points
of interconnection for new resource additions in the Policy Case. The NYISO used the proposed
project capacity from the interconnection queue to calculate the proportion of total zonal capacity

(from capacity expansion results) tobe added to the projectlocation.

In addition to generation expansion, the capacity expansion optimization allows for generator

retirements whentheir deactivation does not trigger areliability need.The resultingretirement

25 Climate Action Council Draft Scoping Plan: https://climate.ny.gov/ Out-Climate-Act/Draft-Scoping-Plan
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decisions from the capacity expansion scenarios are then translated to the production cost model.
The higher resolution production cost models enable a deeper evaluation of the transmission and
operational challenges related to adopting high levels of intermittent renewable generation. In
addition, Scenario 2 includes an age-basedretirement criteriathatretires steam turbines at 62
yearsand gas turbinesat47 years of age, based on industry trends for the age at which 95% of the

specified generation type historically retires.

The capacity estimated toachieve New York’s energy policies was forecasted through capacity
expansion optimization viaa model that was developed, tested, and validated through the NYISO
stakeholder process. The generation capacity mix determined by the capacity expansion
optimization was then incorporated into production cost simulation models, and the projected
transmission constraints wereidentified for the Policy Case. The model data-flow diagram in Figure
19 below highlights the process used in translating the capacity expansion model results to the

production cost model.

Figure 19:Policy Case Modelling Process Diagram
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The capacity expansion simulation adds generation capacity to meet the assumed CLCPA
targetsin the Policy Case. Leveraging the resulting capacity expansion build outs, the production

cost simulation identifies the potential challenges associated withactual system operations.

System Resource Mix Scenarios

The NYISO utilized a capacity expansion model to estimate possible system resource mixes over
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the next 20 years.2¢ Two specificgeneration buildout scenarios were selected from the multitude of
capacity expansion simulations performedto reasonably bound impacts and formulatea detailed

nodal production cost simulation model.

m Scenario 1 (S1) utilizes industry dataand NYISO load forecasts, representinga future

with high demand (57,144 MW winter peakand 208,679 GWhenergy demand in 2040)
and assumes lessrestrictions in renewable generation buildout options.

m Scenario 2 (S2) utilizes various assumptions more closely aligned with the Climate
Action Council Integration Analysisand represents a future with amoderatepeakbuta
higher overall energy demand (42,301 MW winter peakand 235,731 GWhenergy
demand in 2040).

Projected resource mixes for Scenario 1 and Scenario 2 are provided in Figure 20 below.

24 The capacity expansion results in this study do not endorse outcomes under any specific set of assumptions. Instead,
the results inform future transmission and generation planning.
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Figure 20: Policy Case New York Capacity Expansion Results
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Inboth Policy Case scenarios, a significant amount ofland -based wind capacity was builtby
2040. The model selected land-based wind due toits assumed capital cost, energy output, and
capacity ratings. In both scenarios, land-based wind capacity builds to the assumed capacity build

limitsimposed (~16 GW).

In both scenarios, a significant amount of capacity from renewable generation and dispatchable
emission free resources (DEFRs)is projected by 2040, with the most installation forecastedin the
last five years, to help offset the projected fossil-fueled generation retirements. Dispatchable
emission free resources are a proxy generator type assumed for generation expansion in the Policy
Casetorepresentayetunavailable future technology thatwould be dispatchable and produces
emissions-free energy (e.g., hydrogen, RNG, nuclear, other long-term season storage, etc.). As noted
above, all existing fossil-fueled generation (~26 GW) was modeled asretired by 2040 due tothe
CLCPArequirementofa zero emissions grid by 2040. In addition, in Scenario 2 the age-based
retirement assumption capturedthe retirement of 12 GW, nearly halfthe fossil fleet. The models
expanded toapproximately 111 GW of total capacity for Scenario 1 and 124 GW of total capacity for
Scenario 2, inclusive of NYCA generators, BTM-PV, and qualifyingimports from Hydro Québec. This
level of total installed capacity would be needed in 2040 to satisfy the state policy, energy, and
resource adequacy constraints for Scenario 1 and Scenario 2, respectively. Ofthis total,
approximately 85 GW to 100 GW representgeneration expansion for Scenario 1 and Scenario 2,
respectively, beyond the 9.5 GW planned throughstate contracts.25For comparison, the Contract

Case hasapproximately 51 GW of total installed capacity by 2040.

In general, resources take years from development to deployment. By year 2030, roughly seven
years from the publication of thisreport, an estimated 20 GW of additional renewable generation
needsto bein-service tosupport the energy policy target of 100% zero-emission generation by
2040. Forreference, 12.9 GW of new generation has been developed since wholesale electricity
markets began more than 20 yearsagoin 1999. Over the past five years, 2.6 GW of renewable and
fossil-fueled generators came on-linewhile 4.8 GW of generation deactivated?é. This Outlook
demonstrates the need for an unprecedented pace of project deployment, which will require

significantlabor and materials available for New York over a long period of time.

Offshore wind capacity buildout remains near the 9 GW policy objective through 2040 for both

scenarios. This outcome results primarily from the assumedhigh capital cost of offshore wind

252040 BTM-PV installed capacityin Scenatio 1 was 11 GW and neatly 16 GW in Scenario 2
26 The Path to a Reliable Greener Grid for New York, NYISO, June 2022
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technology in the model, which was the highest cost renewable technology available. Additionally,
considering the declining marginal capacity reliability value curves assumed, offshore wind is an
inefficient resource tomeet peak capacity needs and Locational Capacity Requirements because the
capacity contribution of intermittent renewable resources declines as more are added tothe

system.

Overall, results for Scenario 2 showed a higher level of renewable buildoutthan Scenario 1,
most notably in utility-scale solar capacity, and had a different projection of the capacity expansion
throughout the study period as compared to Scenario 1 for all generator types. The main factors for
these differences are the assumptions for load forecasts and differences in generator types eligible
for capacity expansion as well as the maximum allowable capacity builds by technology type
modeled between the two scenarios. One major difference in Scenario 2 isthatareduced land-
based wind capacity limit was used, which changed the projection of capacity builds for all types.
Notably, the projections for offshore wind were higher earlier in the model horizon (e.g., 2030) in

Scenario 2 as compared to Scenario 1 to help achieve the 70x30 target.

Two primary drivers are attributable toincreased renewable resources in capacity expansion:
(1) high operating cost of dispatchable generators, and (2) low capital costs for renewable
generators. High fuel (e.g., natural gas prices, clean DEFR fuel prices) and/or high CO; emissions
pricesresultin significant decrease in fossil generation and subsequent increasein renewable
generation earlier thanotherwise projected.Low capital costs for renewable generators resultin
capacity builds much earlier thanotherwise projected, and often an increase in the total amount of

capacity built.

In terms of the zonal location for capacity buildouts determined by the capacity expansion
model, limitations were imposed on the zonal level as to which generator type(s) could build in
each zone. For instance, land-based wind was eligible for expansion in upstate regions (Zones A-G),
utility-scale solar was eligible for expansion in upstate regions and Long Island (Zones A-G and
Zone K), and offshore wind was eligible for expansion in New York City and LongIsland (Zones]
and K). Dispatchable emission free resource (DEFR) technologies and battery storage were

included as generation resource optionsin all NYCA zones.

Historical zonal capacity by type is shown in Figure 21 for comparison to the Policy Case results

for Scenario 1 and Scenario 2, which are provided in Figure 22.
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Figure 21:2021 Actual Installed Capacity ByZone
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Figure 22:Policy Case 2040 Installed Capacityby Zone

Scenario 1: 2040 Installed Capacity by Zone
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Capacity reserve margins significantly contribute tothe types and quantities of generation
selected by the capacity expansion model. For example, the majority of DEFR buildouts occur in
New York City and Long Island between year 2035 and 2040, which have an explicit locational
capacityrequirement. Because DEFRshave anear 100% capacity contribution, they are effective in
meeting capacity requirements despite having a higher cost than other renewable generation types
and storage. Furthermore, many ofthe DEFRs in these zones operate ata verylow annual capacity
factor inthe model, indicating that they were selected to meet capacity needs rather thanenergy
needs. Of note, an evaluation of the physical space feasibility for DEFR technologiestobe
constructed in New York City and Long Island was not performed as part of this analysis. In
Scenario 1, over two times the amount of DEFR capacityisrequired in these zones compared to

fossil generation capacity today.

Giventhereliance on DEFR technologies in the model, these technologies mustbe developed
and deployed to meet policy objectives, reliability margins, and local capacity requirements.
Without substantial amount of dispatchable resources to provide reliability benefits, a significant
amount of excess renewable resources and /or battery storage would be required to meet capacity
requirements. There are multiple potential paths toachieving policy targets. As the current system
continues toevolve, the NYISO’s modeling capabilities can evaluate a multitude of expansion

scenarios to help inidentifying paths toa greener and reliable future grid.

Bulk Transmission Congestion Through2035

Bulk power transmission facilities and interfaces in the Policy Cases show the most congestion
on the system, owing to their high transfer capabilities to m ove power from areas of high
renewable resource injection toload centers. Some historically congested interfaces such as Central
East might have different congestion patterns dependingon resource buildouts and load levels on
either side of the interface. Another interface thatis highly dependent on resource buildout is
Dunwoodieto Long Island, which usually transfers power from upstate to Long Island (Zone K). Due
to high amounts of Offshore Wind resources built in the Policy Case, congestion on thisinterface
dropsas more resource capacity isadded. Overall, the congestion increases on the system as more

resourcesare added and noupgrades are made on the existing transmission system.

The chartbelow shows the congested hours for the same list of bulk level transmission
elements asthose mentioned above for 2030 and 2035. The chart below shows that the congestion
on bulk system mostly increases as the model adds resources and relaxes constraints on the lower

voltage system. Some interfaces also can have lower congestion due to congestion on lines further
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Figure 23: Number of Congested Hours for Bulk Constraints, Years 2030 and 2035
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Bulk Transmission Congestion After Local Transmission Constraints are Resolved

As ordered by NYSPC, the New York transmission owners have developed a comprehensive
local transmission & distribution planfiled in November, 2020, such as Phase 1, Phase 2 and Areas
of Concerns?7, Recognizing the potential system expansion, the local transmission constraints (less
than 200 kV) were assumed tobe relieved between 2035and 2040. Most ofthe renewable
resources currently propose to interconnect at this voltage level, and removing these constraints
allows for additional energy toreach the bulklevel, which moves power over greater distances
across the state intoload centers. The remaining system constraints at the bulklevel are therefore
highlighted tosignal the bulk transmission development neededto go hand-in-hand with thelocal

transmission and distribution expansion.

Figure 24:Number of Congested Hours for Bulk Constraints, Year 2040
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The congested hoursin 2040 in upstate bulk constraints,such as Central East Interface,
significantly increased. This is due tothe addition of new resources upstate,and the 2040 case with
lower kV lines relaxed highlights the need for additional transmission capability on the bulk system

assuming all lower kV level congestion is resolved to fully utilize renewable resources.

The figures below provide a summary of energy production from various fuel sources in
upstate and downstate New York.In 2021, zero-emission resources made up 93% of upstate

production, while fossil units downstate made up 89% of the production from thatregion. In 2040,

27 Case 20-E-0197, Proceeding on Motion of the Commission to Implement Transmission Planning Pursuant
to the Accelerated Renewable Enetgy Growth and Community Benefit Act, Order on September 21,
2021
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the transition to zero-emission resources will lead to energy produced only by renewable

resources, such as wind and solar, and zero-emission resources, such as nuclear and DEFR.

Inupstate New York, approximately 80% of energy is produced from renewable resources
and the remaining 20% comes from zero-emission resources. The system condition variations
between the two scenarios, such as peakload forecast, energy consumption, and resource buildout

does not have a significantimpact on the resulting energy production.

In contrast, in downstate, the energy production could vary widely depending on the DEFR
buildout required to maintain minimum locational capacity requirement.Up to one third of energy

production could come from these resources that have yet tobe developed and deployed.

Transmission expansion is critical tofacilitating efficient CLCPAenergy target achievement. The
current New Yorktransmission system, at both local and bulklevels, is inadequate to achieve
currently required policy objectives. Renewable generation pockets throughout the Statebecome
more constrained as an increasing number of intermittentgeneration resources connect,
necessitating transmission upgrades to make the renewable energy deliverable. A significant
portion of projected renewable generation will be builtin upstate NewYorkareas thatare
geographically and electrically distant from the major consumer hubs in downstate New York, in
which fossil generation is beingretired. Bulkand local transmission constraints on today’s grid will
limit the effective delivery of renewable energy to consumers throughout the State. Without
significant timely transmission expansion to provide access torenewable energy resource rich
areas, the renewable energy cannot efficiently traverse New York State and be delivered to

consumers.
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Figure 25: Upstate/Downstate Energy Production Comparison by Type for 2021 Actual
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Figure 26: Upstate/Downstate Energy Production Comparison by Type for Policy Scenario 1
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Figure 27: Upstate/Downstate Energy Production Comparison by Type for Policy Scenario 2
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System Performance

System and seasonal performance will challenge achieving policy targets and are identified
through operational assessment based on the results of hourly production cost simulations.28 For
example, the spring season experiences themost curtailment of wind, solar, and hydro generation.
when there isboth lower energy demand, and more supply through higherwind generation,
moderately high solar irradiance, and high waterflows due to snow melt. These weather
characteristics resultin significant renewable generation energy while demand is low, which
ultimatelyleads tohigh levels of curtailment of resources as they are not needed. Scalingup

renewable capacity to meet peakdemands resultsin curtailments in other intervals of the year.

The existing fossil fleet currently operates to maintain the supply and demandbalancein
response to changes in netload, forecast uncertainty, reliability rules, and real-time events. In
addition, fossil fueled generators may be called on to provide essential grid services, such as
reserves, regulation, and /or other products thathelp maintain the reliability of the grid. Operations

of the combined cycle fleet are most sensitive toincreasing penetration of renewable generators.

Fossil fleet operation is at aminimum during the springand a maximumduring the summer
season. The dispatchablefleet transitions from requiring maximal operation duringthe summer
peakto duringa winter peakin the mid-2030s. This transition continues into 2040 as DEFRs
operate athigherlevels during winter. Fossil generation online during many springdays has been
committed for reliability purposesand represents the minimum potential fossil dispatch. No
additional reliability constraints were imposed on DEFR units, which may impact theirmodeled

operation, because the evolution of these requirements through 2040is unknown.

The model observesreduced combined cycle generator output and an increase in the number of
starts for these generators moving from 2025 to 2030 and 2035. Meanwhile, the simple cycle
combustion turbine fleet, which typically operatesless frequently, increase s in both annual output
and number of starts as these generators are used more often tofill in shorter intervalsin the net
load requirements. Althoughthe steam turbine fleet has a more muted response torenewable
additions, due tothe less flexible nature of these generators, the model reveals both an increase in

starts and decrease in outputacross the fleet.

Rampingbehavior ofthe dispatchable fleet increases due tolarger diurnal load swings driven

by electrification and the increasing level of weather dependent intermitte ntrenewableresources

28 The full set of houtly seasonal dispatch chatts forboth Scenario 1 and Scenario 2 details are available in Appendix
F.3.5,and moreinformation on the utilization of the fossil and DEFR fleets can be found in Appendix F.3.6.
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added. New resources with increased ramping capabilities will be needed tobalance load with
supply across the system and during different operating conditions. Notably, these resources are
not commercially available at this time. New technological innovation and successful development

will be required in the intervening period.

The reliance on imported and exported energy to meet system demands changes by season, and
the pattern of energy flow changes along the advancementofenergy policy attainment. The
magnitude ofinterchange,both imports and exports,increases through time in both scenarios as
more variable renewable resources are addedto the system. Historically, New York hasimported
energy from neighboringregions.In2021,37.6 TWh wasimported while 10.4 TWh was exported,
whichresulted inanetimport of 27.2 TWh. In this analysis, with the significant renewable buildout
in New Yorkto meet CLCPA29, New Yorkbecomes an exporter up toyear 2035, but thenimports

between 10 to 15 TWh by year 2040 when all fossil-fueled generation is assumed to deactivate.

The 2022 Grid in Transition study will leverage data from the Outlook to continue analysis

surrounding potential grid needs and inform market designs for the future grid.

Tier 4 HVDC Transmission Impact Analysis

The Champlain Hudson Power Express and Clean Path New York Tier 4 HVDC transmission
project were notincluded in the Baseline or Contract Cases, but were included in both Policy Case
scenarios with the assumption that both projects contributeto achievementofthe 70 x 30 and 100
x 40 policies. Both transmission projects are assumed to contribute both in capacity and energy,

and the projects were modeled as follows:

m The Champlain Hudson Power Express HVDC transmission project from Québec,
CanadatoNew York City was modeled as importing 1,250 MW for all hours of the year
from Québectothe Astoria 345kV substation in New York City. The project was
assumed toprovide 1,250 MW of capacity in the summer and zeroin the winter toward
the locational capacity requirementsin the Lower Hudson Valley and New York City
capacitylocalities. The line isassumed tobe fully available and scheduled based on the
economic exchange of energy.

m The Clean Path New York HVDC transmission project from Fraser 345 kV substation in
Delaware County, New York to Rainey 345 kV substation in New York City was
modeled as controllable transmission capable of flowing 1,300 MW from upstate to
downstate. The line flows from upstate to downstate based on minimizingproduction
cost of the system and generally transacts energy when the marginalenergy price at
the upstate sending end islower than the downstate receiving end. For the purpose of

29 No additional renewable buildout was included for external areas.
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this assessment, the projectis assumed toprovide 650 MW of capacity toward the
locational capacity requirementsin the Lower Hudson Valley and New York City
capacity localities. 30

Results from the hourly production cost model show the performance ofthe Tier 4

transmission projectsin Scenario 1 and Scenario 2. Figure 28 below shows the annual energy flows

and utilization percentage for each project.

Figure 28:Tier 4 HVDC Transmission Performance

Champlain Hudson Clean Path New York

Case - Year Energy (GWh) | Utilization (%) | Energy (GWh) | Utilization (%)
2030 10,944 100% 3,409 30%

S1 2035 10,512 96% 4031 35%
2040* 10,458 95% 8435 74%

2030 10,925 100% 1596 14%

S2 2035 10,759 98% 4 465 39%
2040%* 10,596 96% 9439 83%

* Assumes sufficient transmission expansion occurs between 2035 and 2040 to relieve
transmission constraints at lower voltage levels, resulting in greater renewable energy
available for transfer across the bulk system.

For both Scenario 1 and Scenario 2, the annual energy transacted and utilized for the CHPE project
decreases through time. This trend results from increased competition from offshore wind in New
York City. The CPNY transmission project,which flows based on the price differential between
Upstate and Downstate, increases in utilization but remains less than 40% through 2035. However,
assuming transmission expansion takes place by 2040 torelieve renewable generation pocket

constraints, the utilization of the Clean Path project increases significantly.

30 The NYISO s currently developing the market participation rules forinternal controllablelines. The scheduling and
operation of Clean Path New York will abide by these rules. The assumptions for this study were developed to
provide directional analysis.
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Road t0 2040: Key Takeaways

The Policy Case provides insightintothe challenges that New York power system will face as
the renewable resource and CO2-emission free electric system policy objectives progress. The
NYISO hasidentified several importantinsights during the analysis of Policy Case simulations and

data:

m Significant new resource development will be required toachieve CLCPAenergy
targets. The total installed generation capacityto meet policy objectives within New
York is projected torange from 111 GW and 124 GW of total generation capacity by
2040. Atleast95to 110 GW of this capacity will consist of new generation projects
and/or modifications to existing plants31, and still may not be sufficient to fully meet
CLCPA requirements32 while maintaining the reliable electricity supply thatNew York

consumers have come to rely on. The sheer scale of resources needed to satisfy system
reliability and policy requirements within the next 20 years is unprecedented.

m Everyincremental advancement towards policy achievement matters on the pathtoa
greener andreliable grid in the future,notjustat the critical milestone years such as
2030 and 2040. In general, resource and transmission expansion take many years from
developmenttodeployment.By year 2030, roughly seven years from the publication of
thisreport, an estimated 20 GW of additional renewable generation needs tobe in -
service to supportthe energy policy target of 100% zero-emission generation by 2040.
Forreference, 12.9 GW of new generation has been developedsince wholesale
electricity markets began more than 20 years agoin 1999. Over the pastfive years, 2.6
GW of renewable and fossil-fueled generators came on-line while 4.8 GW of generation
deactivated. This Outlookdemonstrates the need for a substantial amountofnew

resources and an unprecedented pace of project deployment, which willrequire
significantlabor and materials available for New York over a long period of time.

m Transmission expansion is critical to facilitating efficient CLCPAenergy target
achievement. The currentNew York transmission system, at both local and bulklevels,
is inadequate toachieve currently required policy objectives. Renewable generation
pockets throughout the State become more constrained asan increasing number of
intermittent generation resources connect, necessitating transmission upgrades to
make the renewable energy deliverable. Bulkand local transmission constraints on
today’s grid will limit the effective delivery of renewable energy to consumers
throughout the State. A significant portion of projected renewable generation will be
builtin upstate New Yorkareas, which are geographically and electrically distant from
the major consumer hubsin downstate New York, while downstatefossil generation is
beingretired. Without significant timely transmission expansion to provide access to
renewable energy resourcerich areas, the renewable energy cannot efficiently traverse

31 Including thein-front-of the meter and behind -the-meter renewable generation addition after consideration of the
deactivation of existing fossil-fire units by 2040

32 This report does not attempt to identify the resources needed to achieve full policy attainment.
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New York State and be delivered to consumers.

m This Outlook identifies many transmission needs expected to arise over the next 20
years driven by public policy requirements, most notablethe New York State climate
mandates enactedin 2019 and 2020. The most notable and urgenttransmission needs
include:

o Longlsland offshore wind export: the NYISOis currently evaluating the viable
and sufficient project proposals to the Long Island Offshore Wind Export Public
Policy Transmission Need (“Long Island PPTN”), based on the Order issued by
the NYSPSCon March 19,2021.1famore efficient or cost-effective solution is
selected tomeetthe LongIsland PPTN, the congestion in Long Island is
expected tobe reduced significantly. However, offshore wind resource
additions of up to 20 GW thatare under discussion33 may necessitate additional
transmission todeliver offshore wind energy to New Yorkers.

o TheWatertown/Tug Hill Plateaurenewablegeneration pocket (X3): the 115 kV
networkis expected tolimit the availability of the already-contracted wind and
solar generation in thisarea, and the limitation will become more severe when
more renewable resources are interconnected. Additionaltransmission is
necessary toprovide the resources access to the bulk grid.

o Southern Tier renewable generation pocket (Z1,72): theland and natural
resource availability in thisregion (wind and solar) support renewable
generation buildout in this area. Transmission expansion from this pocket to
the bulk grid would benefit New York consumers statewide.

m Toachieve an emission-free grid, dispatchableemission-free resources (DEFRs) must
be developed and deployed throughoutNew Yorktoreplace the various electrical
attributes that are provided today by fossil generation. DEFRs that provide sustained
on-demand power and system stability will be essential to meeting policy objectives
while maintainingareliable electric grid. While essentialto the grid of the future, such
DEFR technologies are not commercially viable today and will require committed
publicand private investment in researchand development efforts to identify the most
efficientand cost-effective technologies with a view towards the development and
eventual adoption of commerecially viable resources.

m Theincremental reliability contribution of intermittent renewable resource capacity
declines as more are added to the system. The limited contribution of incremental
resources to system reliability inhibits the ability of the power system to effectively
meet mandatory resource requirements and toserve load in hours in which renewable
generation islimited or unavailable. The scale and technology of DEFRs necessary to
meet state energy needs will alsodepend upon the buildout of the transmission and
distribution grids.

3 New York State Climate Action Council Draft Scoping Plan, December 30,2021, available at,
https:/ /climate.ny.gov/Our-Climate-Act/Draft-Scoping-Plan.
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m Coordination of renewable energyadditions,commercialization, and development of
DEFRs, and fossil fuel plant operation over the next 18 years will be essential to
facilitate an orderly transition of the grid. The large amount of renewable energy
additionsrequired toachieve the CLCPAmandates will impact the operations of the
existing fossil fuel fleetin the remaining 18-year transition toan emission-free grid.
There will be a greater need for resources that can operate more flexibly to meet the
increased variability associated withwind and solar generation. This Outlook
demonstrates that flexible units will dispatch more frequently during the transition.

m Essential grid services, such as operating reserve, ramping, regulation. voltage support,
and blackstart, mustbe continued to provide New Yorkers with reliable and
predictable electric system that consumers require. This means that new resources will
need to provide these services prior to the exit of existing resources. .

m Resource buildouttomeet minimum capacity requirements is not sufficient to
efficiently achieve the state’s climate changerequirements. This study shows that if
new resources are not builtin excess of reserve requirements toserve loads reliably,
New York will likely rely on importing a significant amount of external energy thatmay
or may not be renewable. New Yorkis fortunate to have strong interconnections with
neighboring areas and has enjoyed reliability and economic benefits from such
connections. As the energy policiesin the neighboring areas evolve independently, the
amount of imports and exports could vary significantly due to the resulting resource
and load shifts in the neighboring areas. Balancing the need to serve loads reliably
while achieving New York’s emission-free target will require continuous monitoring
and collaboration with our neighboring states.

m  Whendispatched effectively,energy storage would help toincrease the utilization of
the renewable generation, butenergy storage alone cannot completely resolve the
transmission limitations in the pockets analyzed.

m Peakload managementshould be further integrated as a measure to facilitate CLCPA
energy targetachievement. Thanks to the peakload management measures already
announced and implemented, New Yorkis expected to see peakload forecast gradually
decrease over the next few years. However, in the long term, the demand is likely to
increase beyond the historical level due to electrifying buildingsand transportation. By
loweringthe peakload and avoiding system buildout to serve the highest demand
hour, less DEFR buildout would be needed, and duringthe transition fossil fueled
plants could be utilized less to meet lower peaks.

m Electrification from other sectors, such as building and transportation, into the power
sector should be monitored and managed closely. Electrification is one of the largest
factors driving peakand annual energy demand. Electrification mustbe inlock step
with new resource additions and resource retirements. While other sectors, such as
transportation, currently account for alarger share of greenhouse gas emissions,
unmanaged electrification of the energy sector could lead to higher energy costs and
reduced reliability.
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Renewable Generation Pockets

The concept of renewable generation pockets was introduced in the NYISO’s 2019 economic
planning study. The pockets were developed tovisualize geographicregions of New York State
where renewablegeneration projects are being deployed and to readily quantify the impact of

those projects on the surrounding transmission network.

Renewable Pocket Definitions

Prior NYISO economic planning studies34 examined the formation of renewable generation
pockets driven by transmission congestion and constraints. These pockets illustrated transmission
constraints that, ifunaddressed, will prevent full utilization of renewable resources within the area.
A similar analysis was performed for this Outlook. The renewable generation pockets first
identified in 2019 were utilized as the starting point to identify constraints and generators within
the pocketsin the Contract Case and Policy Case scenarios. The renewable generation pocket map

for this Outlook is shown in the figure below.

342019 CARIS Phase 1 Study: https://www.nyiso.com/documents/ 20142 /2226108 /2019-CARIS-Phasel-Report-
Final.pdf
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Figure 29: Renewable Generation Pocket Map
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The generation pocket assignments are defined by twomain considerations; renewable
generation buildoutlocation and the congestion results from the contract case. Each pocket (W, X, Y
and Z), along with corresponding sub-pockets (W1, X2,Y1, etc.), depicts a geographic grouping of

renewable generation and the transmission constraints in discretelocal areas.

o Western NY (Pocket W): Western NY constraints, mainly 115 kVin Buffaloand Rochester

areas:
1) W1: Orleans-Rochester Wind (115 kV)
2) W2: BuffaloErie region Wind & Solar (115 kV)
3) W3: ChautauquaWind & Solar (115kV)
e North Country (PocketX): Northern NY constraints,includingthe 230 kVand 115 kV
facilities in the North Country:
1) X1: North Area Wind (mainly 230 kV in Clinton County)
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2) X2:Tug Hill Plateau Wind & Solar (mainly 115 kVin Lewis County)
3) X3:Watertown Wind & Solar (115 kV in Jefferson & Oswego Counties)
e Capital Region (PocketY): Eastern NY constraints, mainly the 115KkV facilitiesin the
Capital Region:
1) Y1:Capital Region Solar Generation (115 kV in Montgomery County)
2) Y2:Hudson Valley Corridor (115 kV)
e Southern Tier (PocketZ): Southern Tier constraints, mainly the 115kV constraintsin the
Finger Lakesarea:
1) Z1: Finger Lakes Region Wind & Solar (115kV)
2) Z2:Southern Tier Transmission Corridor (115kV)
3) Z3: Central and Mohawk Area Wind and Solar (115kV)
e Offshore Wind: offshore wind generation connected to New York City (Zone ]J) and Long
Island (Zone K)

Pocket Analysis

The pockets are a grouping of congested lines and generators which are likely tobe curtailed
within alocalized area. Pocket definitions and locations are the same between the Contract Case
and Policy Case scenarios. The new Policy Case resources identified in Scenario 1 and Scenario 2
significantly increase the renewable energy resources on the system compared to the Baseline and

Contract Cases

Curtailmentofrenewable generation occurs when a transmission line would become
overloaded ifrenewable generation were not dispatched toalower outputlevel. The decision to
curtail a specificrenewable generator is dependent upon both electricallocation and energy market
bids. A second form of renewable generation re-dispatch,termed “spillage,” can also occur.
Spillage of renewable energy can occur when all relevant dispatchable resources have been set to
minimum levels and energy exportlimits have beenreached, which would necessitatea reduction
in renewable generation output tobalance the system. Spillage conditions are projectedto occur as
earlyas 2030 and would be most prevalent during the spring season when electricitydemandis

low and renewable generator production is high.

In order to capture the constraints and energy deliverability at various voltage levels, the NYISO
conducted the pocket analysis using a detailed transmission system representation for years 2030
and 2035.For 2040, the NYISO assumed sufficient transmission expansion occurs between 2035

and 2040 to relieve transmission constraints at lower voltage levels and recognizes the efforts of
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transmission owners tomeet CLCPAS35. This allows the NYISO to examine the impact of the addition
of the new resources on the bulk power system constraints, which may be masked by the local
system constraints that exist today. This highlights the bulk transmission expansions thatwill still

be necessary to efficiently deliver energy to consumers.

The new resource additions from the capacity expansion simulations were placed at available
points of interconnection identified in the NYISO Interconnection Queue for new wind and solar
facilities. These locations represent the probable sites for new resource additions and provide likely
interconnection points on the existing system. Most of the additional resources are located inside
the general pocketlocationsidentified in the Contract Case. A study oflocal congestion within these
pockets illustrates expected obstacles in the transmission system to transmit power out of the
pockets toserve loads elsewhere. A detailedlook at each individual pocket and associated metrics

is provided in Appendix ] of thisreport.

The pocket analysis indicates potentialareas where transmission constraints could lead to
curtailment of nearby renewable resources. The renewable curtailmentsidentified could result
from a combination of drivers, including: (i) resource siting location, (ii) size of renewable buildout,
(iii) the congestion pattern of transmission constraints, (iv) existing thermalunit operations and
the need to meet certain regulatory requirements,and (v) zonal load level and shape. Renewable
generation located upstream of transmission constraints is more likely tobe curtailed compared
with renewableslocated downstream of the constraints. In general,renewable curtailments caused
by transmission constraints include constraints inside generation pockets, tie line constraints, and

constraints outside of generation pockets.

Offshore wind makes up the majority of renewable generation added in New York City and Long
Island (Zones] and K). Upstate renewable generation is a mix of utility -scale solar and land-based
wind resources. The existing Hydro-Québec (HQ) importsinto NorthernNew York (Zone D) are

considered qualifying renewable generation injecting into the X1 pocket.

The majority of curtailment occurs in Long Island for offshore wind. This resultsin alow energy
deliverability percentage compared to other pockets and resource types. Constraints thatlead to
significant curtailment of offshore projects and any associated upgrades will be studied as part of
the current NYISO Public Policy Transmission Planning Process addressing the Long Island

Offshore Wind Export Public Policy Transmission Need. Some solar generation curtailment is

35 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
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observed in the North Country and Capital Region (pockets X2, X3,and Y1), which have increasing
amounts of solar projects proposed in the Interconnection Queue. These curtailmentsare generally
due to a lackof a strongly interconnected networkto deliver power, atb oth bulkand local system

levels.

Energy deliverability levels in four pockets, in particular, will benefitfrom transmission
expansion: Finger Lakes (Z1), Southern Tier (Z2), Watertown (X3), and Long Island. Without
investmentin transmission, these areas ofthe New York grid will experience persistentand
significantlimitations to deliver the renewable power from these pockets to consumersin the

upcoming years.

Figure 30: Renewable Generation Pocket Curtailment Rates by Generation Type in2030 and 2035
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2035 Renewable Generation Pocket Curtailment Rate
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Energy Deliverability

Energy deliverability for a generation pocketis defined as the total energy utilized toserve
demand from a group of resources in that pocket. [tis expressed as the ratio of energy generatedto
total scheduled energy for those resources. The energy deliverability metric illustrates how much
of the total potential energy was delivered to the grid and how much was curtailed. The table below

shows the Energy Deliverability metricby pocket and resource type.

Complete details on the capacity, energy, curtailment,and energy deliverabilityby pocket for
each of the scenariosin 2035 can be found in Error! Reference source not found. Appendix ] of

thisreport.

DRAFT - For Discussion Purposes Only
Renewable Generation Pockets 2021-2040 System & Resource Outlook | 72



= New York ISO

Figure 31: Contract Case Energy Deliverability for 2030 by Pocketand Resource Type

. Scheduled Dispatched . Energy
Capacity Curtailment . a1
Pockets Type (MW) Energy Energy (GWh) Deliverability

(GWh) (GWh) (%)
W1 Solar 1,130 2,214 2,189 25 99%
Wind 200 393 393 0 100%
w2 Solar 60 84 84 0 100%
Wind 813 2,029 2,028 2 100%
w3 Solar 290 448 448 0 100%
Wind 305 700 698 2 100%
Hydro 1,049 7,929 7,929 0 100%
HQ Import 1,930 11,498 11,456 41 100%
Solar 180 367 367 0 100%
Wind 678 1,441 1,441 0 100%
Hydro 250 1,405 1,402 3 100%
Solar 35 54 52 2 96%
Wind 505 1,154 1,153 0 100%
Hydro 155 771 760 11 99%
Solar 369 609 541 69 90%
Wind 80 179 179 0 100%
Hydro 30 114 114 0 100%
Solar 961 1,801 1,735 66 96%
Wind 74 179 174 5 97%
Solar 250 421 421 0 100%

Wind - - - - -
Solar 405 711 711 0 100%
Wind 720 1,628 1,627 0 100%
Solar 60 97 97 0 100%
Wind 213 696 689 7 99%
Solar 150 280 280 0 100%
Wind 76 136 136 0 100%
Offshore Wind 2,046 8,366 8,364 2 100%

HQ Import - - - - B
Offshore Wind 2,270 8,891 6,815 2,076 77%
Solar 99 159 158 1 100%
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Figure 32: Contract Case Energy Deliverability for 2035 by Pocketand Resource Type

. Scheduled Dispatched . Energy
Capacity Curtailment . a1
Pockets Type (MW) Energy Energy (GWh) Deliverability

(GWh) (GWh) (%)
W1 Solar 1,130 2,241 2,219 22 99%
Wind 200 393 393 0 100%
w2 Solar 60 84 84 0 100%
Wind 813 2,033 2,030 3 100%
w3 Solar 290 449 449 0 100%
Wind 305 703 702 1 100%
Hydro 1,068 7,929 7,929 0 100%
HQ Import 0 11,517 11,478 39 100%
Solar 180 367 367 0 100%
Wind 678 1,443 1,443 0 100%
Hydro 249 1,407 1,405 2 100%
Solar 35 56 54 3 95%
Wind 505 1,153 1,153 0 100%
Hydro 156 782 774 8 99%
Solar 369 678 609 70 90%
Wind 80 178 178 0 100%
Hydro 30 114 114 0 100%
Solar 961 1,869 1,804 66 96%
Wind 74 185 181 4 98%
Solar 250 422 421 0 100%

Wind - - - - -
Solar 405 711 711 0 100%
Wind 720 1,627 1,627 0 100%
Solar 60 97 97 0 100%
Wind 213 702 693 9 99%
Solar 150 280 280 0 100%
Wind 76 136 136 0 100%
Offshore Wind 2,046 8,342 8,340 2 100%

HQ Import - - - - B
Offshore Wind 2,270 8,861 6,831 2,030 7%
Solar 99 160 159 1 99%
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Figure 33: Policy Case Scenario 1 Energy Deliverability for 2030 by Pocketand Resource Type

. Scheduled Dispatched . Energy
Capacity Curtailment . -
Pocket Type (MW) Energy Energy (GWh) Deliverability
(GWh) (GWh) (%)
W1 Solar 1,130 2,239 2,203 36 98%
Wind 1,543 4,890 4,890 0 100%
w2 Solar 60 84 74 10 89%
Wind 1,491 4,263 4,012 251 94%
w3 Solar 290 448 420 29 94%
Wind 916 2,713 2,534 179 93%
Hydro 1,049 7,929 7,894 35 100%
HQ Import 1,930 11,498 11,264 234 98%
Solar 180 367 367 0 100%
Wind 876 2,062 2,013 49 98%
Hydro 250 1,407 1,336 71 95%
Solar 35 56 47 9 84%
Wind 598 1,441 1,425 17 99%
Hydro 155 782 663 119 85%
Solar 369 678 510 168 75%
Wind 790 2,515 2,463 52 98%
Hydro 30 114 112 2 98%
Solar 961 1,868 1,705 163 91%
Wind 101 273 247 26 90%
Solar 250 422 419 3 99%
Wind 255 857 857 0 100%
Solar 405 711 661 50 93%
Wind 1,495 4,108 3,409 699 83%
Solar 60 97 76 22 78%
Wind 803 2,620 2,400 220 92%
Solar 150 280 269 10 96%
Wind 265 750 709 41 95%
Offshore Wind 2,046 8,368 8,368 0 100%
HQ Import 1,250 10,950 10,944 6 100%
Offshore Wind 2,990 11,830 9,807 2,023 83%
Solar 99 159 154 6 96%
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Figure 34:Policy Case Scenario 1 Energy Deliverability for 2035 by Pocketand Resource Type

. Scheduled Dispatched . Energy
Capacity Curtailment . -
Pocket Type (MW) Energy Energy (GWh) Deliverability

(GWh) (GWh) (%)
Solar 1,130 2,241 2,135 106 95%
Wind 1,621 5,155 5,137 18 100%
Solar 60 84 70 14 83%
Wind 1,633 4,736 4,154 582 88%
Solar 290 449 388 61 87%
Wind 1,012 3,034 2,666 368 88%
Hydro 1,068 7,929 7,485 445 94%
HQ Import 1,930 11,517 10,553 964 92%
Solar 180 367 356 12 97%
Wind 1,274 3,298 3,070 228 93%
Hydro 249 1,407 1,222 185 87%
Solar 35 56 42 14 75%
Wind 785 2,013 1,921 92 95%
Hydro 156 782 523 259 67%
Solar 369 678 434 244 64%
Wind 1,313 4,224 3,954 270 94%
Hydro 30 114 107 7 94%
Solar 961 1,869 1,642 227 88%
Wind 120 337 296 41 88%
Solar 250 422 392 30 93%
Wind 618 2,042 1,911 132 94%
Solar 405 711 605 106 85%
Wind 2,160 6,217 4,596 1,621 74%
Solar 60 97 72 26 74%
Wind 1,257 4,084 3,702 382 91%
Solar 150 280 244 36 87%
Wind 413 1,224 1,123 101 92%
Offshore Wind 4571 17,712 17,699 13 100%
HQ Import 1,250 10,950 10,512 438 96%
Offshore Wind 4,430 17,652 15,490 2,162 88%
Solar 99 160 136 24 85%
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Figure 35: Policy Case Scenario 2 Energy Deliverability for 2030 by Pocketand Resource Type

. Scheduled Dispatched . Energy
Capacity Curtailment . -
Pocket Type (MW) Energy Energy (GWh) Deliverability
(GWh) (GWh) (%)
W1 Solar 1,130 2,239 2,207 32 99%
Wind 735 2,180 2,180 0 100%
w2 Solar 60 84 81 3 96%
Wind 1,074 2,891 2,852 39 99%
w3 Solar 290 448 448 1 100%
Wind 576 1,594 1,584 10 99%
Hydro 1,007 7,929 7,928 1 100%
HQ Import 1,930 11,498 11,364 134 99%
Solar 180 367 367 0 100%
Wind 778 1,752 1,733 19 99%
Hydro 240 1,407 1,389 18 99%
Solar 35 56 51 5 91%
Wind 552 1,298 1,290 8 99%
Hydro 152 782 736 46 94%
Solar 369 678 548 129 81%
Wind 417 1,288 1,279 10 99%
Hydro 30 114 113 1 99%
Solar 961 1,868 1,733 134 93%
Wind 86 225 212 13 94%
Solar 250 422 418 4 99%
Wind 123 413 413 0 100%
Solar 405 711 691 20 7%
Wind 1,119 2,905 2,803 102 96%
Solar 60 97 88 9 91%
Wind 512 1,673 1,629 44 97%
Solar 150 280 277 2 99%
Wind 173 453 447 6 99%
Offshore Wind 5,166 19,997 19,994 3 100%
HQ Import 1,250 10,950 10,925 25 100%
Offshore Wind 2,270 8,891 6,818 2,073 7%
Solar 99 159 148 12 93%
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Figure 36: Policy Case Scenario 2 Energy Deliverability for 2035 by Pocketand Resource Type

. Scheduled Dispatched . Energy
Capacity Curtailment . -
Pockets Type (MW) Energy Energy (GWh) Deliverability

(GWh) (GWh) (%)
Solar 2,092 3,395 3,322 72 98%
Wind 1,375 4,318 4,315 2 100%
Solar 349 451 429 22 95%
Wind 1,633 4,736 4,168 568 88%
Solar 574 790 656 134 83%
Wind 1,012 3,034 2,711 324 89%
Hydro 1,068 7,929 7,709 221 7%
HQ Import 1,930 11,517 10,924 594 95%
Solar 355 565 560 5 99%
Wind 1,274 3,298 3,152 146 96%
Hydro 249 1,407 1,259 148 89%
Solar 1,043 1,188 1,161 27 98%
Wind 785 2,013 1,964 49 98%
Hydro 156 782 551 231 70%
Solar 686 1,038 608 429 59%
Wind 1,313 4,224 3,961 263 94%
Hydro 30 114 110 4 Q7%
Solar 2,162 3,392 2,600 792 7%
Wind 120 337 296 41 88%
Solar 626 907 795 112 88%
Wind 618 2,042 1,962 81 96%
Solar 1,037 1,535 1,340 195 87%
Wind 2,160 6,217 4,591 1,625 74%
Solar 443 557 484 73 87%
Wind 1,257 4,084 3,720 364 91%
Solar 303 480 390 90 81%
Wind 413 1,224 1,114 110 91%
Offshore Wind 5,166 19,924 19,923 1 100%
HQ Import 1,250 10,950 10,759 191 98%
Offshore Wind 3,835 15,227 13,280 1,947 87%
Solar 99 160 150 10 94%
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Renewable Generation Pockets: KeyTakeaways

Due to the significantresource additions driven by the CLCPA,new transmission constraints
appear across the system as full policy achievement approachesin 2040. Tobetter understand the
impacts from these new constraints, generation pockets are identified based on their geographical

locations, offering the following key takeaways:

m Transmission limitations prevent full delivery of renewable energy. A minimum of 5
TWh of renewable energyin 2030 and 10 TWhin 2035 are projected tobe curtailed

due to transmission limitations in renewable pockets. This equates toroughly 5%]less
renewable energy thatcan be counted toward the CLCPA targets.

m Transmission expansion is critical to facilitating efficient CLCPA energy target
achievement. The currentNew York transmission system, at both local and bulklevels,
is inadequate toachieve currently required policy objectives. Some renewable
generation pockets throughout the State already face curtailments, more curtailments

will be experienced in the future and will become more constrained asan increasing
number ofintermittentgeneration resources connect.

m  Fourpocketswill particularly benefit from transmission expansion. The Finger Lakes
(Z1), Southern Tier (Z2), Watertown (X3), and Long Island. Without investmentin
transmission, these areas of the New York grid will experience persistentand

significantlimitations to deliver the renewable power from these pockets to consum ers
in the upcoming years.
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Next Steps and Recommended Actions

Next Steps

This first Outlook has builtupon the data, modelling, and studies developed within the NYISO’s
System & Resource Planning Departmentand will serve as another building block for continued
analyses and study work both within and outside ofthe NYISO. The data and findings provided by
the Outlook are designed and intended to be used by policymakers, investors, and other
stakeholders toidentify the challenges and opportunities associated withachieving statepolicies in

an economic and reliable manner.

The 2022 Reliability Needs Assessment will leverage datafrom the Outlook to identify
commitmentand dispatchtrends and related bulk power system reliability impacts as policy goals
are approached. The NYISO’s 2022 Grid in Transition study will alsoleverage data from the
Outlook to continue analysis surrounding potential grid needs and inform marketdesigns for the

future grid.

The 2022-2023 Public Policy Transmission Planning cycle kicks off in August, at which time the
NYISO will provide an opportunity for any stakeholders or interested parties to submit comments
regarding proposed transmission needs thatmay be driven by public policy requirements and for
which transmission solutions should be requested and evaluated. Interested parties should
consider the key findings from the Outlook when submitting comments identifying Public Policy

Transmission Needs for consideration by the NYSPSC.

Recommendations and Observations
The important findings identifiedin the 2021-2040 System & Resource Outlook underscore the
challenges that must be taken into consideration as the state proceeds withimplementation of'its

clean energy and climate change initiative:

m Many transmission needs will arise over the next 20 years driven by public policy

requirements, most notable the New York State climate mandates enacted in 2019 and
2020. The mostnotable and urgent transmission needs include:

o Longlsland offshore wind export: the NYISOis currently evaluating the viable
and sufficient project proposals tothe Long Island Offshore Wind Export Public
Policy Transmission Need (“LongIsland PPTN”), based on the Order issued by
the NYSPSCon March 19,2021.1famore efficient or cost-effective solution is
selected tomeet the Long Island PPTN, the congestion in LongIsland is
expected tobe reduced significantly. However, offshore wind resource
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additions of up to 20 GW that are under discussion3¢ may necessitate additional
transmission to deliver offshore wind energy to New Yorkers.

o TheWatertown/Tug Hill Plateaurenewablegeneration pocket (X3): the 115 kV
networkis expected tolimit the availability of the already-contractedwind and
solar generation in this area, and the limitation will become more severe when
more renewable resources are interconnected. Additionaltransmission is
necessary toprovide the resources access to the bulk grid.

o Southern Tier pocket (Z1,Z2): theland and natural resource availabilityin this
region (wind and solar) attract renewable generation buildout in this area.

Transmission expansion from this pocket tothe bulk grid would benefit New
York consumers statewide.

m Future uncertaintyis the only thing certain about the electric power industry. From
policy advancements to the extent and pace of new dispatchable emissions-free
resource technology development,the system is set to change substantially and
rapidly. Situational awareness of system changes and continuous assessment are
critical to ensure areliable and lower-emissionsgrid for New York. The Economic
Planning databases and models will be continually updated with new information and
the Outlook study will be improved and performed on a biennial basis.

m Tomeetthe minimum capacity requirementin 2040, atleast95to110 GW of new
emission-free resources, including approximately 9.5 GW of new contracted renewable
resources, will be required to come on-line. Furthermore, to fully achieve the emission-
free grid target by 2040, even more resources will likelybe needed along with
transmission todeliver the clean power to consumers. The scope of the additional
renewable resource need isremarkable. Comparedtothe 2.6 GW capacity entering
into service in the past five years while New York experienced anetloss of
approximately 2.2 GW, the installation rate in the next 20 years must increase
significantly toachieve state law climate change requirements. Stateagencies should
consider releasing a more detailed procurementschedule for renewable resources to
guide the long-term system planningand provide clarity to the market.

The challenges identified in the Outlook cannot be solved by any single entity. New York’s
Climate Action Council hasreleased a draft scoping plan toreduce New York State’s carbon
footprintacross all sectors, make our communities more resilient, and adapt toa changing climate.
Thisreport further supports the mission by quantifyingthe evolving challenges in the electricity
sector and identifying challenges thatmust be addressed to facilitate and supportimplementation.
Inaddition to much more renewable resources, this reportidentifiesother key factors for success,

such as significant transmission expansion, efficient peakload management, and the staged

36 New York State Climate Action Council Draft Scoping Plan, December 30,2021, available at,
https:/ /climate.ny.gov/Our-Climate-Act/Draft-Scoping-Plan.
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retirement of existing resources. The full set of comprehensive electric systemrequirements will

need participation among policy makers, generator owners, transmission owners, and consumers.
Communication and collaboration between stakeholders are - and will continue to be - essential to
making progress towards achieving policy objectives whilemaintaining an efficient power market

and reliable power grid.
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