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Acronyms and Glossary

Capitalized terms thatare not specifically defined in this Report shall have the meaning setforth in the NYISO
Market Administration and Control Area Services Tariffand Open Access Transmission Tariff.

Acronym or Abbreviation | Description
AF AttachmentFacilities
AP Amortization Period
ARV Annual Reference Value
ATWACC After Tax Weighted Average Costof Capital
BACT BestAvailable Control Technology
BPCG Bid Production CostGuarantee
Btu British Thermal Units
CAES Compressed Air Energy Storage
CAPM Capital AssetPricing Model
CARIS Congestion Assessmentand Resource Integration Study
co Carbon Monoxide
CO; Carbon Dioxide
CONE Costof New Entry
CPV Competitive Power Ventures
CSAPR Cross State Air Pollution Rule
CSO Capacity SupplyObligation
CSPP Comprehensive System Planning Process
CT Combustion Turbines
CTO Connecting Transmission Owner
cY Class Year
DAMAP Day-Ahead Margin Assurance Payment
DCR Quadrennial ICAP Demand Curve ResetProcess
DMNC Dependable Maximum Net Capability
DOL NYS DepartmentofLabor
EAS Energy and Ancillary Services




Acronym or Abbreviation
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EIA U.S. Energy Information Administration
EPA U.S. Environmental Protection Agency
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FERC Federal EnergyRegulatoryCommission
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FICA Federal Insurance Contributions Act
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GADS Generating AvailabilityData System
GE General Electric International, Inc.
GHG Greenhouse Gases
HHV HigherHeating Values
ICAP Installed Capacity
ICAPWG Installed Capacity Working Group
ICR NYCA Minimum Installed CapacityRequirement (MW)
IRM NYCA Installed Reserve Margin (%)
ISO International Organization for Standardization
ISO-NE ISO New England Inc.
kW Kilowatt
kWh Kilowatt-hour
kW-mo. Kilowatt-month
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LAER LowestAchievable Emission Rate
LBMP Locational BasedMarginal Pricing
LCR Locational Minimum Installed Capacity Requirement
LDC Local Distribution Company

LFG

Landfill Gas
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LI Longlsland (Load Zone K)
LOE Level of excess
LOE-AF Level of excess adjustmentfactor
LOLE Loss of Load Expectation
MHPS Mitsubishi Hitachi Power Systems
MIS Minimum Interconnection Standard
MMBtu Million Btu
MMU Market Monitoring Unit (Potomac Economics)
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MSW Municipal Solid Waste
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N/A Not applicable
NAAQS National Ambient Air Quality Standards
NERC North American Electric Reliability Corporation
NESHAP National Emission Standards for Hazardous Air Pollutants
NGCC Natural Gas Combined Cycle
NNSR NonattainmentNew Source Reviews
NOXx Nitrogen Oxides
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RGGI Regional Greenhouse Gas Initiative
RICE Reciprocating Internal Combustion Engines
ROS Restof State (Load Zones A-F)
RP Reference pointprice
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SCR Selective Catalytic Reduction
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SER SignificantEmission Rates
Siemens Siemens Energylnc.
SiPEP Siemens Performance Estimating Program
SO. Sulfur Dioxide
SUF System Upgrade Facilities
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l. Introduction and Summary

A. Introduction

Section 5.14.1.2 of the New York Independent System Operator, Inc. (NYISO) Market Administration and Control
Area Services Tariff (Services Tariff) requires thatlocational ICAP Demand Curves be established periodically
through areview by anindependentconsultant,and be reviewed with stakeholders and the NYISO through a
process thatculminatesin the filing with the Federal Energy Regulatory Commission (FERC) of ICAP Demand
Curves approved by the NYISO Board of Directors.

On July 18,2019, the NYISO contracted with Analysis Group Inc. (AGI) to conductthe independentreview of ICAP
Demand Curves, to be used starting in Capability Year 2021/2022. Analysis Group, Inc. (AGI) teamed with Burns
& McDonnell (BMCD) to complete the developmentof ICAP Demand Curve parameters, describedin this initial
Draft Report(Report).

The results provided in this Report are preliminary and subject to change. The values provided herein for
estimating net EAS revenues are based on data for the three-year period September 2016 through August
2019.The values will be updated in September 2020 to reflect data for the period September 2017 through
August 2020.

B. Study Purpose and Scope

The purpose ofthis Reportis to summarize the results of our study of the ICAP Demand Curve process and
parameters. As required by the Services Tariff, the Reportevaluates the netcostof a peaking plant, defined as
“...the unitwith technologythat results in the lowestfixed costs and highestvariable costs among all other units’
technologythat are economicallyviable,” with the scale (i.e.,numberand size of units) identified in the consultants
review.' The Services Tariff identifies multiple requirements for the developmentof ICAP Demand Curve
parameters. Ourreview and analysis conforms to these various requirements. For example, the Services Tariff
requires thatthe periodicreview of ICAP Demand Curves:

“...assess (i) the currentlocalized levelized embedded costofa peaking plantin each NYCA
Locality, the Restof State, and any New CapacityZone, to meetminimum capacityrequirements,
and (ii) the likely projected annual Energyand Ancillary Services revenues of the peaking plant
over the period covered by the adjusted ICAP Demand Curves, netofthe costs of producing such
Energy and Ancillary Services.”?

The costs and revenues are to be determined under conditions thatreflect s pecified excess supplyconditionsin
NYCA and in each Locality. Specifically, the Services Tariff requires that:




“...[tlhe costand revenues of the peaking plantused to setthe reference pointand maximum
value for each ICAP Demand Curve shall be determined under conditions in which the available
capacity is equal to the sum of (a) the minimum Installed Capacityrequirementand (b) the
peaking plant’s capacity...”3

Several additional elements to be included in the quadrennial review are specified in the Services Tariff, including
the following:

= The appropriate shape and slope ofthe ICAP Demand Curves, and the associated pointatwhich the
dollarvalue of the ICAP Demand Curves declines to zero (the zero crossing point, or ZCP);

= The translation ofthe annual netrevenue requirementofthe peaking plantinto monthlyvalues that
reflect differences in seasonal capability; and

= The escalation factor and inflation componentofthe escalation factor applied to the ICAP Demand
Curves.*

The Services Tariff also specifies the process for selecting the independent consultant, and sets forth a schedule
for the consultant's analysis and review ofthe consultant's findings and reportbystakeholders, NYISO, the Market
Monitoring Unit(MMU), and the NYISO Board of Directors. The entire process — herein referred to as the ICAP
Demand Curve reset(DCR) process —is to be completed and filed with FERC no laterthan November 30 of the
year priorto the first Capability Year in which the ICAP Demand Curves shall apply(in this case, the Capability
Year beginning May 1, 2021).

C. Study Process

AGI and BMCD have conducted the ICAP Demand Curve review in an open and transparent process thatinvolved
the full vetting of issues raised bystakeholders. AGlI and BMCD have worked with the NYISO throughoutthe
process to conductan orderlyand transparent presentation ofkey issues for discussion with stakeholders, and to
ensure thatthe ICAP Demand Curve review was consistentwith the requirements under the Services Tariffand
the structure and experience of New York’s wholesaleelectricitymarkets. Table 1 contains a listof stakeholder
meetingsin which AGIl or BMCD participated, and the issues discussed with stakeholders in each meeting.

AGI/BMCD'’s review of ICAP Demand Curve matters with stakeholders helpedidentifyimportantscopingissues,
evaluate concepts and metrics relevantto the DCR process, and provided guidance for AGI/BMCD’s consideration
of and recommendations on keyDCR issues and outcomes. While the contentof and findings in this Reportrest
solelywith AGI and BMCD, it reflects the results ofa productive and deliberative process involving full and
substantive inputthroughouta comprehensive stakeholder process thatunfolded ofthe course of approximately
oneyear.




Table 1: Summary of AGl and BMCD Stakeholder Engagement

Date

Committee /
Working Group

Topic

August23,2019

ICAPWG

Introduction to team and DCR

October 11,2019

ICAPWG

DCRtimeline
Initial key DCR considerations

November6,2019

ICAPWG

Introduction to peaking planttechnologyevaluation

Review of net Energy and Ancillary Services (EAS) revenue model
for fossil generating resources (CTand CC)

Process forselecting gas hubs for pricing

December11,2019

ICAPWG

Technologyscreeningoverview (CT, CC and battery storage)
Proposed NetEAS revenues model modifications for CT and CC
Potential approaches to model net EAS revenue for battery storage

January 30,2020

ICAPWG

Technologyscreeningand environmentalreview
Preliminaryunitperformance, capital costs,and O&M estimates
Level of excess adjustmentfactors

Continued analysis of peaking pantamortization periodand natural
gas hubs

Additional discussion of netEAS revenues battery storage modeling

February 25,2020

ICAPWG

ICAP Demand Curve shape and slope
Initial discussion of financial parameters
Additional discussion of net EAS revenues battery storage modeling

March 26, 2020

ICAPWG

Technologyselection review
Updates to unitperformance, capital costs,and O&M estimates

Preliminaryrecommendations of financial parameters and gas hubs
for pricing

Overview of winter-summer ratio methodology
Additional discussion of net EAS revenues battery storage modeling

April 22,2020

ICAPWG

Capital costand O&M updates

Updates to recommendations for gas hubs for pricing and
amortization period

Preliminaryrecommendations regarding consideration of SCR
emissions control and dual-fuel capability

Discussion of COVID-19 related considerations on financial
parameter recommendations

Further enhancements to the net EAS revenues batterystorage
modeling




May 19, 2020

ICAPWG

Updates to financial parameter considerations
PreliminaryLevel of Excess AdjustmentFactorresults
PILOT payments and propertytaxes

Preliminaryreference pointprices

Additional details on netEAS model logic for fossil resources

June 10, 2020

ICAPWG

Overview of Draft Report

Updated preliminaryreference pointprices
Additional details on recommended gas hubs
Additional details on PILOT paymentrates

July 22,2020

ICAPWG

Review of stakeholder feedback bytopic:

Peaking planttechnology

Selective Catalytic Reduction (SCR) emissions control technology
Capital costs

Financial parameters

Amortization period

Gas hub selection

Net energyand ancillaryservices (EAS) revenue model

Level of excess adjustmentfactors

August10, 2020

ICAPWG

Updates to costs
Updates to net EAS revenues model

https://www.nyiso.com/icapwg
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D. Study Analytic Approach and Outline

The creation of ICAP Demand Curves for NYCA and each Locality includes four specific tasks, organized and
described in this Reportas follows:

= Assessmentofthe peaking plant technology (Section ll). In this step, we evaluate and develop
information on technologies with the goal of fulfilling the Services Tariff's requirementthatthe peaking
plantbe the technologywith the lowestfixed and highestvariable costs and be economicallyviable.®
Specifically, we evaluate available technologies consistentwith the Services Tariff s definition in NYCA
and each Locality with respectto capital costs, operating costs, operatinglife and other operating
parameters, degree of successful commercialization and operational history, and applicable siting and
environmental permitting requirements.
Based on these factors, we also consider whetherand how the peaking plant could be practically
constructed within each Localityand ROS, and how a potential developer wouldevaluate various
design capabilities and environmental control technologies when making investmentdecisionsin
consideration of projectdevelopmentand operational risk, and opportunities for revenues over
the economic life ofthe project.® The technologychoice assessment, including the recommended
technology, its installed capital cost, and operational costs and parameters, is presentedin
Section l.
=  Estimation of the gross cost of new entry (gross CONE) (Section lll). In this step, we estimate the
fixed annual costs ofthe peaking plantoptions, including the recovery of and return on upfrontcapital
costs, taxes, insurance and fixed operations and maintenance (O&M). A levelized fixed charge is
calculated to ensure recoveryof capital costs and taxes given financial parameters thatreflectthe
specificrisks associated with merchantplantdevelopmentin the NYISO markets.
=  Estimation of net EAS revenues for the peaking plant technology (Section IV).In this step,
expected EAS revenues forthe peaking plants in NYCAand each Locality, net of operating costs, are
estimated usinga model constructed by AGI for this purpose. The model includes a mechanismto adjust
the location based marginal prices (LBMPs) and reserve prices used in the netEAS revenues model to
reflect market conditions atthe Services Tariff-prescribed level ofexcess (LOE).”
= Determination of reference point price and ICAP Demand Curve in NYCA and each Locality
(Section V). In this step, gross CONE estimates (from Section lll) with expected netEAS revenues (from
Section V) are combined to calculate the reference pointprice (RP) values forthe ICAP Demand Curves




for NYCA and each Locality. Other parameters thatgovern the shape and slope ofthe ICAP Demand
Curves, including the ZCP and the winter-to-summer ratio (WSR), are also considered.

= Annual updating of NYISO ICAP Demand Curve reference point prices (Section VI). In this step,
RPs and ICAP Demand Curves are updated annuallybased on escalation ofinstalled capital costs,
recalculation of net EAS revenues using updated electricity prices, fuel prices, emission costdata, and
determination ofthe WSR.8

In this study, we analyze the currently prescribed Localities forthe ICAP Market, which includes the G-J Locality,
New York City or NYC (Load Zone J) and Long Island or LI (Load Zone K), as well as the state as awhole, or the
NYCA.

Each of the steps described above involves a complexmixof historical data, forecasts, and modeling techniques
geared towards developing an appropriate representation of New York electricity marketstructures and dynamics.
It involves extensive review of relevant data and analytic methods, and requires a selection of methods, models
and data from among arange ofreasonable alternatives based on the application ofdecision criteria and
professional judgment. It also involves a comprehensive review with stakeholders ofthe purpose, effectiveness,
and appropriateness of selected assumptions, methods and data.

AGI and BMCD developed their recommendations for this DCR through the continuous interactionwith
stakeholders over a nearly year-long period. AGl and BMCD received feedback on proposals and analyses from
NYISO and stakeholders in written and verbal form across numerous meetings ofthe ICAPWG.

The DCRrequires notonlyanalysis ofawide array of quantitative market, financial,and economic data and
analytics, but also the application ofreasoned judgmentwhen the empirical evaluationis limited bysparse,
uncertain, and variable historical data and forecastassumptions. Consequently, atthe outsetof the process AGI
established a setof objectives and criteria againstwhich itreviewed and considered DCR-related matters and
methodological issues on both quantitative and qualitative bases. The objectives and criteria were developed to
help guide the analysis and provide a framework for the evaluation of process and analytic alternatives.
Specifically, AGI established thatpotential DCR issues should be evaluated againstthe following objectives and
criteria:

= Economic Principles— Proposed changes to ICAP Demand Curve parameters and methods shouldbe
grounded in economic theoryand reflectthe structure of, and incentives in, the NYISO electricity
markets.

= Accuracy— ICAP Demand Curve parameters should reflectthe actual costof new entry in New York with
as much certaintyas is feasible.

= Transparency—The DCR calculations and periodic updates to net CONE should be clearand
transparentto Market Participants (MPs), and annual update methods and calculations should be
understandable and allow MPs to develop marketexpectations.




= Feasibility— The DCR design and implementation should be practical and feasible from regulatoryand
administrative perspectives.

= Historical Precedentand Performance — DCR designs should be informedbyquantitative analysis based
on historical data (to the extent feasible), and should draw from lessons learned in the markets with
experience in administration of capacitymarkets (NYISO, ISO New England Inc. (ISO-NE), and the PJM
Interconnection, L.L.C. (PJM)). Consistencybetween DCRs also promotes market stability, which in turn
reduces financial riskand developers’ costofentry.

E. Summary of Recommendations and Overview of RP Results

AGI has applied the methods, models and equations described in this initial Draft Reportto identify preliminaryRP
values and other ICAP Demand Curve parameters for NYCA and Localities for the Capability Year 2021/2022.
These preliminaryvalues (subjectto data updates in September2020) are presented in Table 2, below.

To arrive at these results, AGl and BMCD considered relevant marketand technologyissues,and came to a
number ofconclusions keyto the final calculation ofthe preliminary RP values provided herein. [All preliminary
numericalresults presented below will be updated and finalized in September 2020 to use data for the
period September 2017 through August 2020 and finalized data for escalation of capital costs.?]
Specifically, AGlI and BMCD conclude the following:

= The GE 7HA.02 (H Class Frame) represents the highestvariable cost, lowestfixed costpeaking
plantthat is economicallyviable. To be economicallyviable and practicallyconstructible, a dual
fuel H Class Frame machine wouldbe builtwith SCR emission control technologyin Load Zone
J, Load Zone K, Load Zone G (Rockland County),and Load Zone G (Dutchess County),and a
gas only H Class Frame machine would be constructed without SCR emissions control
technologyin Load Zone C and Load Zone F.

= Basedon marketexpectations forfuel availabilityand fuel assurance, changesin market
structures, consideration of applicable reliabilityand LDC tariff requirements, and developer
expectations, the H Class Frame machine should include dual fuel capabilityin Load Zone G
(Rockland County),Load Zone G (Dutchess County),Load Zone J, and Load Zone K. AGI and
BMCD recommend a gas-only (withoutdual fuel capability) designin Load Zone C and Load
ZoneF.

= The state of New York has begun a process to decarbonize the power sector over the next
couple decades, including passage ofthe Climate Leadership and Community Protection Act
(CLCPA). This does noteliminate consideration of a fossil-fueled plantas the potential peaking
planttechnology. It does, however, suggestreview of the ways in which these efforts affectthe
developmentand operation of such facilities, which could in turn affect the present-dayfinancial
analysis parameters (e.g., the appropriate amortization). Forthis DCR,we recommend a 17-year
amortization period for fossilfueled plantsin consideration ofthe CLCPA’s restrictions on fossil
fuel operations for electric generation past2039.

= Basedonourreview, battery energy storage should notbe selected to serve as the peaking plant
underlying any of the ICAP Demand Curves atthis time. We come to this conclusion based




primarilyon our estimates ofthe net CONE for a sample batterystorage facilitywith 4-, 6-, and 8-
hour duration of storage and the availabilityof lower costviable technologyoptions.

= The weighted average costofcapital (WACC) used to develop the localized levelized embedded
gross CONE should reflecta capital structure of 55% debt and 45% equity; a 6.7% costof debt;
anda 13.0% return on equity, for a WACC of 9.54%.Based on currenttax rates in NY State and
New York City, this translates to a nominal after tax WACC (ATWACC) of 8.52% and 8.20%,
respectively.

= Net EAS revenues are estimated for the peaking planttechnologies using gas hubs thatreflect
consideration ofa number offactors, including consistencyof gas prices with LBMPs within each
Load Zone, liquidityof trading, geographic consistencywith the locations evaluated, and
precedence ofusein otherstudies/analysis. To that end, net EAS revenues are estimated using
the following gas hubs, which remain fixed for the four year duration ofthe resetperiod:

- Load Zone C: TGP Zone 4 (200L)

- LoadZoneF: Iroquois Zone 2

- Load Zone G (Dutchess County): Iroquois Zone 2
- Load Zone G (Rockland County): TETCO M3

- LoadZone J: Transco Zone 6 New York

- Load ZoneK: Iroquois Zone 2

= The ICAP Demand Curves should maintain the currentzero crossing point(ZCP)values. The
ZCPs should remain 112% forthe NYCA ICAP Demand Curve, 115% for the G-J Locality ICAP
Demand Curve,and 118% forthe NYC and LI ICAP Demand Curves.

Table 2 provides preliminaryparameters for the 2021/2022 Capability Year ICAP Demand Curves foreach
location assessed consistentwith the conclusions and technologyfindings described above. Table 3 through
Table 5 provides additional information for the other technologies evaluated. For ICAP Demand Curves where
more than one locationis evaluated (i.e., NYCA and the G-J Locality), the appropriate locations and peaking plant
technologyand design selected as the basis for the 2021/2022 Capability Year ICAP Demand Curves remain fixed
for the four year duration of the resetperiod.



Table 2: Preliminary ICAP Demand Curve Parameters ($2021)
GE 7HA.02
Current Year (2021-2022)
G - Hudson
G - Hudson Valley Valley

Parameter Source C - Central F - Capital (Dutchess) (Rockland) J - New York City K - Long Island
Gross Cost of New Entry ($/kW-Year) [1] $115.11 $116.15 $145.77 $150.25 $197.00 $160.27
Net EAS Revenue ($/kW-Year) [2] $42.41 $31.79 $36.25 $48.77 $42.83 $62.27
Annual ICAP Reference Value ($/kW-Year) [B1=[11-1[2] $72.70 $84.35 $109.52 $101.48 $154.17 $98.00
ICAP DMNC (MW) [4] 326.7 3285 347.0 347.0 3488 348.8
Total Annual Reference Value [5] = [3] * [4] $23,749,587 $27,710,552 $38,003,822 $35,212,484 $53,775,089 $34,181,563
Level of Excess (%) [6] 100.9% 100.9% 102.5% 102.5% 103.5% 106.5%
Ratio of Summer to Winter DMNCs [7] 1.040 1.040 1.058 1.058 1.078 1.076
Summer DMNC (MW) [8] 329.3 334.0 348.3 348.2 348.5 351.1
Winter DMNC (MW) [9 344.7 350.5 369.9 369.9 3741 373.0
Assumed Capacity Prices at Tariff Prescribed Level of Excess Conditions

Summer ($/kW-Month) [10] $7.19 $8.27 $11.58 $10.73 $17.19 $11.90

Winter ($/kW-Month) [11] $4.61 $5.30 $6.22 $5.77 $7.94 $4.07
Monthly Revenue (Summer) [12] = [10]*[8] $2,368,490 $2,760,978 $4,031,956 $3,735,420 $5,992,423 $4,179,389
Monthly Revenue (Winter) [13] = [11][9] $1,589,756 $1,857,440 $2,302,036 $2,133,324 $2,970,092 $1,517,551
Seasonal Revenue (Summer) [14]1=6*[12] $14,210,942 $16,565,866 $24,191,734 $22,412,520 $35,954,536 $25,076,334
Seasonal Revenue (Winter) [15]1 =6 *[13] $9,538,538 $11,144,638 $13,812,214 $12,799,946 $17,820,553 $9,105,303
Total Annual Reference Value [16] = [14]+[15] $23,749,480 $27,710,504 $38,003,948 $35,212,465 $53,775,089 $34,181,637
ICAP Demand Curve Parameters

ICAP Monthly Reference Point Price ($/kW-Month)
$7.74 $8.90 $13.84 $12.83 $21.36 $18.56
ICAP Max Clearing Price ($/kW-Month) $14.39 $14.52 $18.22 $18.78 $24.63 $20.03
Demand Curve Length 12.0% 12.0% 15.0% 15.0% 18.0% 18.0%




Table 3: Comparison of Preliminary Reference Point Prices by Technology ($2021/kW-mo.)

Monthly Reference Point Price ($/kW-Month)

G - Hudson | G - Hudson
Technology EmiZ:?;:%p:r{ntrol C - Central | F - Capital Valley Valley 2= Né‘i': VLS Kl;ll;:zg
(Dutchess) | (Rockland) Y
3%0 Siemens SGT-AB5 Dual Fuel, W.Ith SCR - - $26.27 $26.48 $39.20 $30.14
Gas Only, with SCR $21.06 $22.15 - - - -
1%0 GE 7F.05 Dual Fuel, W-Ith SCR - - $16.73 $16.41 $27.30 $20.20
Gas Only, without SCR $10.43 $11.88 - - - -
Dual Fuel, tuned to 25 . - $13.84 $12.83 $21.36 $18.56
10 GE 7HA 02 |PRM. with SCR
' Gas Only, tuned to 15 $7.74 $8.90 ) ) ) )
ppm, without SCR i ’

Informational 1x1 GE |Dual Fuel, with SCR - - $22.66 $20.10 $50.25 $41.56
7HA.02 CC Gas Only, with SCR $14.41 $15.75 - - - -
4-hr BESS Battery Storage $17.60 $17.56 $19.44 $20.41 $28.54 $23.52
6-hr BESS Battery Storage $24.10 $24.22 $26.73 $28.11 $37.23 $33.08
8-hr BESS Battery Storage $32.45 $32.60 $36.14 $37.85 $48.84 $45.38

Table 4: Comparison of Preliminary Gross CONE by Technology ($2021/kW-year)
Gross CONE ($/kW-Year)
G - Hudson | G - Hudson
Technology Emi';l;?;:‘ép:r:trol C-Central | F - Capital Valley Valley )= N(e:‘i"t' ML Kl;ll;:zg
(Dutchess) | (Rockland) Y
3%0 Siemens SGT-A65 Dual Fuel, WIth SCR - - $286.60 $294.54 $391.12 $303.20
Gas Only, with SCR $262.08 $264.89 - - - -
1x0 GE 7F.05 Dual Fuel, W'Ith SCR - - $185.15 $193.04 $268.08 $205.46
Gas Only, without SCR $148.55 $150.32 - - - -
Dual Fuel, tuned to 25 : - $14577 | $15025 | $197.00 | $160.27
10 GE 7THA 02 |PPM. with SCR
' Gas Only, tuned to 15 $115.11 $116.15 } R . _
ppm, without SCR ’ ’

Informational 1x1 GE |Dual Fuel, with SCR - - $219.32 $232.91 $390.08 $258.72
7HA.02 CC Gas Only, with SCR $197.58 $200.82 - - - -
4-hr BESS Battery Storage $201.37 $203.05 $204.63 $211.43 $262.48 $215.49
6-hr BESS Battery Storage $280.67 $283.09 $285.32 $295.14 $356.53 $303.51
8-hr BESS Battery Storage $359.95 $363.13 $366.00 $378.83 $450.57 $391.54




Table 5: Comparison of Preliminary Net EAS by Technology ($2021/kW-year)

Net EAS ($/kW-Year)

G - Hudson | G - Hudson
Technology Emizl;?;:‘ép:ritrol C - Central | F - Capital Valley Valley )= N(e:‘i"t' WS KI;II;z:g
(Dutchess) | (Rockland) y
3%0 Siemens SGT-A65 Dual Fuel, WIth SCR - - $38.80 $44.75 $43.31 $60.97
Gas Only, with SCR $43.53 $34.80 - - - -
1x0 GE 7F.05 Dual Fuel, W'Ith SCR - - $37.92 $48.67 $43.37 $61.98
Gas Only, without SCR $45.91 $33.41 - - - -
Dual Fuel, tuned to 25 - - $36.25 $48.77 $42.83 $62.27
ppm, with SCR
1x0 GE 7HA.02
Gas Only, tuned to 15 $42.41 $31.79 ) ) ) )
ppm, without SCR ’ i
Informational 1x1 GE |Dual Fuel, with SCR - - $63.47 $94.66 $87.20 $121.87
7HA.02 CC Gas Only, with SCR $70.04 $61.88 - - - -
4-hr BESS Battery Storage $51.23 $53.25 $55.11 $54.41 $55.50 $67.33
6-hr BESS Battery Storage $52.25 $53.53 $56.87 $54.85 $56.54 $71.98
8-hr BESS Battery Storage $52.36 $54.13 $57.11 $55.31 $56.98 $73.91




Il. Technology Options and Costs

A. Overview

The Services Tariff specifies thatthe ICAP Demand Curve review shall assess and consider the following:

“... the currentlocalized levelized embedded costofa peaking plantin each NYCA Locality, the Restof
State, and any New CapacityZone, to meet minimum capacityrequirements 0

The peaking unitis defined as “the unitwith technologythat results in the lowestfixed costs and highestvariable
costs among all other units’ technologythatare economicallyviable,” and the peaking plantis defined as “the
number of units (whether one or more) that constitute the scale identified in the periodic review.”'' The FERC
precedentregarding peakingplanttechnologyindicates that, "only reasonablylarge scale, standard generating
facilities thatcould be practicallyconstructed in a particular location should be considered.”'? In this section, we
considerthe following:

1. Simple Cycle Plant— Simple cycle plants consistofone or more combustion turbines fueled by
natural gas and/orliquid fossil fuels. This studyanalyzes multiple types and generations of
simple cycle technologies.

2. Energy Storage Plant- A battery storage plantis alsoincluded in the analysis. Battery storage
options with duration capabilities of4-hours, 6-hours, and 8-hours have been evaluated.

3. CombinedCycle Plant— A combined cycle plantis included in the analysis forinformational
purposesonly. A combined cycle plantconsists ofa combination of simple cycle turbine(s) and
steam turbine(s), which serve to recover waste heatto improve combined efficiency.

In Section I1.B, we apply screeningcriteria to identify alternative simple cycle technologies thatwill be evaluated in
the DCR study. Section Il.C summarizes applicable environmentaland siting requirements, which have
implications forinstalled capital costs, and fixed and variable operations costs. Dual fuel capability, capital costs,
fixed O&M costs, and variable O&M costs are evaluated in Sections I.D, IL.LE, and Il.F, respectively. SectionIl.G
describes technical and performance characteristics neededto evaluate net EAS revenues.




Figure 1:Load Zones and Localities

NEW YORK CONTROL AREA |
LOAD ZONES

B. Technology Screening Criteria

BMCD was engaged to selectsimple cycle and energystorage technologyoption(s) to evaluate as the potential
peaking plantforeach ICAP Demand Curve. BMCD evaluated peaking planttechnologyoptions for Load Zones C,
F, G (Dutchess County), G (Rockland County),J, and K (see Figure 1). In addition,a combined cycle option was
evaluated for each location forinformational purposes only.

To complywith the Service Tariff requirements, BMCD utilized the following screening criteria for peaking
technologyselection:

= Standard generating facilitytechnology—available to most market participants;
= Proven technology— operating experience ata utility power plant;

= Unitcharacteristics thatcan be economicallydispatched;

=  Ability to cycle and provide peaking service;

= Canbe practicallyconstructed in a particular location; and

= Canmeetenvironmental requirements and regulations.

The analysis of potential options identified both simple cycle technologies and energystorage technologyas
technical candidates for peaking operation. Simple cycle technologies are the current peaking planttechnology
underlying each ofthe ICAP Demand Curves. Energystorage technologyis capable of peaking operation within
discharge duration and state of charge limitations, which are constraints thatdo not applyto simple cycle
technologies with reliable fuel supply. Energy storage technologies were included alongside simple cycle
technologies foreconomic evaluation. Selected representative batterytechnologies are described in Section



[1.B.6. While lithium ion battery energystorage systems (BESS) were evaluated, the results ofthe economic
evaluation indicate that BESS is notthe lowestcosttechnologyoption to be selected to serve as a peaking plantin
any location for this reset.

1. Simple Cycle Technologies

Described below are the peaking planttechnologyoptions thatsatisfythe screening criteria and reflect the
following keyfeatures for each technologyoption:

1. Aeroderivative Combustion Turbines

= Numberofstarts does notimpactmaintenance schedule

= Faststartuptime (~10 minutes)and ramp rates

= Highestperforming units generallyrequire waterinjection for NOx control in addition to a selective
catalytic reduction (SCR) emissions control system

= Reasonablysized units (approximately20 to 100 MW) available where multi-unitplants are
advantageous

= Typicallyrequire higherfuel gas pressures than frame units

= Decades of utility scale operating experience

2. Frame Combustion Turbines

= Commerdciallyavailable frame unitsrange in size from approximately50 to 400 MW.

= F-class turbines exhibitnominal outputin the 200-250 MW range.

= Advanced class turbines, which mayalso be labeled G, H, or J-class, exhibitnominal outputin
the 275—-400 MW range.

= New frame peaking units in the United States will likelybe F-class oradvanced class.

=  Frame units typically include drylow emissions combustionsystems for NOx control on natural
gas operation. Waterinjection is required for NOx controls with liquid fuel operation.

= F class units can provide significantcapacityin 10 minutes and full outputin 11 to 14 minutes;
Maintenance impacts mayapplyto fast starts. Conventional startis approximately30 minutes

= Advanced class units have similar startup capabilities, though faststartpackages are available
for full loadin 10 minutes, assuming purgecreditand start permissives are met. Maintenance
impacts mayapplywith faststart capability.

= Major maintenance costmaybe based on operating hours or start quantity, depending on
operation. In general,ifthere are more than 44.4 operating hours per startforthe GE 7HA.02
unitor 27 operating hours per startforthe GE 7F.05 unit,the major maintenance costwill be
hours based. Ifthere are generallyless than 44.4 hours per start(GE 7HA.02) or 27 hours per
start(GE 7F.05), the major maintenance costwill be start-based.

= Depending on the application, frame turbine models maybe available with different NOy
emissionsrates. Performance impacts mayapplyfor lower NOx emissions rate controls.

= Decades of utility scale operating experience



3. Reciprocating Internal Combustion Engines (RICE)

= Utility scale applications mostcommonlyrelyon heavy duty, medium speed enginesin the 9-
11MW and 18-20 MW classes.

= Compression ignition models have gas and liquid fuel capability. Spark ignition models are only
capable ofgas operation.

= Faststartuptime as low as five minutes for natural gas engine and seven minutes for dual fuel
engine. Engine jackettemperature mustbe keptwarm to accommodate starttimes under 10
minutes.

= Shutdown as quicklyas one minute

= High efficiency, good partload performance

= With site conditions below 3,000 feetand 95°F, altitude and ambienttemperature have minimal
impacton the electrical outputofreciprocating engines.

= (as pressure requirements are lower than combustion turbines.

= Installed costs are often similar to those of aeroderivative combustion turbine facilities of similar
size.

= Maintenance intervals are based on operating hours and are independentof number of starts

= Reciprocating engines are typicallyinstalled with SCR emissions controls to control NOx
emissions to approximately 5ppm on natural gas fuel

2. Aeroderivative Combustion Turbine Peaking Options

The aeroderivative combustion turbines thatwere considered as candidate peaking planttechnologies are shown
in Table 6. Output and heat rate information is based on manufacturer specifications and heatrates were
converted to higherheating value (HHV). Many aeroderivative technologies are offered with model variants for
waterinjection combustion, drylow emissions combustion, wetcompression, intercooling, and other options that
may impactperformance. The GE LM9000 unitwas notincluded because oflack of experience in North America
in comparison to other GE aeroderivative models.



Table 6: Aeroderivative Technology Combustion Turbines

Manufacturer

Base Model

Experience

Nominal Capacity
(MW)'

HHV Heat Rate
(Btu/kWh)?

General Electric

LM6000

Firstintroduced in
1997. Mature
technologywith
multiple model
variants.

45 - 58 depending
on model

9,100- 9,700
depending on model

General Electric

LMS100

Firstintroducedin
2006. Mature
technologywith
multiple model
variants.

100- 117 depending
on model

8,600 - 8,800
depending on model

Siemens

SGT-A65
(formerRolls Royce
Trent 60)

Firstintroducedin
1996. Mature
technologywith
multiple model
variants.

60 - 71 depending
on model

8,800- 9,200
depending on model

Siemens

SGT-A45

Core technology
basedonRolls
Royce Trent
turbines, similarto
SCG-AB5.

44

9,400

Mits ubis hi Hitachi
Power Systems

FT4000
(former Pratt &
Whitney FT4000)

Firstintroducedin

2012. Single and

twin pack designs
available.

71 single GT

9,200

Preliminaryscreeningofthe aeroderivative combustion turbine models indicated thatthe GE LMS100 and
Siemens SGT-A65 units were the bestrepresentative candidates because oftheir higher capacityand efficiencies.
Further refinementofthe screening level analysis was performed to accountfor multiple units to achieve outputin
the 200 MW range. BMCD compared a 2x LMS100 plant(i.e. two LMS100 units in a single plant)to a 3x SGT-
AB5 plantwith and without SCR emissions control technologyfor NOyx control. Screening costs normalized with
and without SCR emissions controls favor the 3x Siemens SGT-A65 facility. It was noted thatLMS100 units have
a 25ppm NOyemissions rate, so they are more likelyto require SCR emissions controls because the heatinputis
above the 850 MMBtu/hr threshold in NSPS subpart KKKK, which requires them to meeta NOy limitof 15ppm.
Heatinputfor the Siemens SGT-A65 units is below the 850 MMBtu/hr threshold in SubpartKKKK, so they must
meeta less restrictive NOxlimitof 25ppm. In addition, Siemens was recentlyawarded a projectin New York City
using the Siemens SGT-A65, so recentexperience favors this unitas well. For these reasons, the 3x Siemens
SGT-A65 option was selected as the representative aeroderivative technology.




3. Frame Combustion Turbine Peaking Option

The candidate peakingtechnologies included available advanced frame combustion turbines as shownin Table 7.

Table 7: Advanced Frame Technology Combustion Turbines

Manufacturer

Base Model

Experience

Nominal Capacity
(MW)'

HHV Heat Rate
(Btu/kWh)?

General Electric

7HA.02

First introduced in
2017, fleet
operating hours of
205,000 EOH

384

8,890

Siemens

SGT6-9000HL

No units in
commercial
operation in North
America (First
delivery accepted
in Nov 2019)

405

8,891

Mitsubishi Hitachi
Power Systems

501JAC

No units in
commercial
operation in North
America

425

9,082

Siemens

SGT6-8000H

Installed fleet has
accumulated >1MM
EOH

310

9,468

Mitsubishi Hitachi
Power Systems

MHPS 501GAC

First commercial
operation in 2014,
mature technology

283

9,469

General Electric

GE 7FA.05

First FA.05 in
operation in 2014 -
F-Class is GE fleet

leader

243

9,513

Siemens

Siemens SGT6-
5000F

Installed fleet has
accumulated
>15MM EOH

260

9,588

The results ofthe screening ofthe candidate frame combustion turbine models are:

= The GE & Siemens F class combustion turbines are similarin outputand performance.

= Three OEMs have G/H class turbines. The Siemens SGT6-8000H, MitsubishiHitachi Power Systems
(MHPS) 501G, and GE 7HA.01; machines are similarin outputand performance;the MHPS 501G and
Siemens SGT6-8000H both have operational experience in combined cycle butno simple cycle

experience.

= F-class technologyhas proven simple cycle peaking application experience and hot SCR emissions
controls operating experience.




=  Thereis commercial operating experiencewith the GE 7HA.02 unitin the United States. It has been
installed for simple cycle operation with hot SCR emissions controls, soitis considered a viable option
for peaking technology.

Two peaking options for the DCR study were chosen from among the frame combustion turbines: the firstwas the
GE 7F.05, an F class unit,a mature technologywhich has widespread operationexperience across multiple
markets in North America. An F class unit, the Siemens SGT6-5000F5, currentlyserves as the peaking plant
technologyunderlying each ofthe ICAP Demand Curves. The second was the GE 7HA.02, an advanced class
unitwith commercial installations in North America, butfeweraccumulated operating hours. The GE 7HA.02 has
the mostoperating experience and bestefficiencyamong similar advanced class units. The GE and Siemens F-
class machines are similarin performance capabilities, butscreening level costanalyses slightlyfavored the GE
unit, so it was selected for this study.

4. Reciprocating Internal Combustion Turbine Peaking Option

Reciprocating engines are generallycompetitive with aeroderivative gas turbines, butthe initial screeningand the
results of prior DCRs indicate that RICE technologyis notlikely to be the lowestcostalternative. Removing the
RICE option also facilitated the assessmentof more than one frame combustion turbine options and alternative
storage durations ofenergystorage options. Therefore, RICE units were notconsidered for further study in the
DCR.

5. Selected Simple Cycle Technology for Review

Based on the screening criteria and considerations presented above, costs were developed for the following
peaking plants. Options were selected for the 200 MW size range for the aeroderivative and F class units,
consistentwith previous DCR studies. Given the larger capacity of advanced class units currentlyoffered by
manufacturers, the H class unitstudied was sized around 350 MW.

=  Three Siemens SGT-A65 units
=  One GE 7F.05 unit
=  One GE 7HA.02 unit

6. Energy Storage Power Plant

The lithium-ion batterystorage marketis growing, largelydue to state level targets for storage and renewable
energy, as well as declining costs for lithium-ion batterytechnology. In December2018,the New York Public
Service Commission issued an order establishing a targetof 3,000 MW of energy storage by2030.

The mostlikelycandidates for new energystorage plants are batteryenergy storage systems (BESS) based on
lithium-ionbatterytechnology. Pumped hydro is the mostmature storage technology, accounting for approximately
98% of worldwide electric power storage capacity, but this technologyis limited in siting potential and requires
longer permitting and implementation timelines than batterytechnologies. Flow batterytechnologies were
considered in the initial screening process, butpreliminaryevaluations suggested thatthe capital costs were
higherthan similarlysized lithium-ion systems and the marketis still nascent for the technologyat utility scale.



The DCR studyincludes the following systems for comparison to traditional simple cycle technologies: '

= 200 MW, 4-hour (800 MWh stored energy) lithium-ion
= 200 MW, 6-hour (1,200 MWh stored energy) lithium-ion
= 200MW, 8-hour (1,600 MWh stored energy) lithium-ion

The marketfor lithium-ion batteries is dynamic, and while the stationarystorage marketis growing, mostofthe
technologyinnovation and pricing is currentlybeing driven by the electric vehicle market. Lithium-ion represents a
broadertechnologyclassthatincludes dozens of battery chemistries, each with its own advantages and
disadvantages. Three chemistries have emerged as the leadersin today's market:

=  Lithium nickel manganese cobaltoxide (NMC)
=  Lithium iron phosphate (LFP)
= Lithium nickel cobaltaluminum oxide (NCA)

Each technologyhas a different energydensityand unique design considerations, and each maybe more
desirablefora specific site orapplication, butall three technologies maybe suitable for the deep discharge
peaking type application included in this DCR study. Since manufacturers ofall three technologies are competing
directly today for the same projects, the costs presented in this studyare intended to representa snapshotofthe
marketpricing as itcurrently stands. These costs are notintended to be directlyrepresentative ofone chemistryor
one OEM.

A known limitation of lithium-ion technologyis performance degradation. Over time, the energycapacity degrades
due to age and cycling behavior. Therefore,a 200 MW battery with a 4-hour dischargeduration todaymayhave
less than 4-hour discharge durationin the future after multiple years of operations (the power outputremains
constant). Longer projectlifetimes will likelyrequire capacityaugmentation due to performance degradation
throughoutthe life of the project, which means thatadditionalbatteries would be installed, oraugmented to the
existing batteries, during the operating life ofthe BESS. The originalinstallationwould typicallybe designed to
accountfor future capacity augmentation, and the actual augmentation costs would be partofa long-term
agreementthatmay also accountforroutine maintenance. The fixed O&M costs in this studyare intended to
accountfor routine system maintenance. The variable O&M costs in this studyare intended to representthe costs
for capacity augmentation, levelized annuallyover the life of the project. This is consistentwith the currentmarket
as manylithium-ion manufacturers and/or integrators currentlyoffer warranties or performance guarantees over
extended timeframes.

BESS facility roundtrip efficiencies (the fraction of energyput into a battery that can be retrieved) are commonly 80
- 90% when measured on the alternating current (AC) side ofthe system. The BESS roundtrip efficiencyassumed
for this study is 85%.




7. Combined Cycle Power Plant for Informational Purposes

A 1x1 combinedcycle option was includedin the studyfor informational purposes. The mostlikelycandidates for

new combined cycle plants are based on the F-class and advanced frame combustion turbines as shown in Table
8.

Table 8: Latest Advanced Combined Cycle Plant Options

1x1 Combined 1x1 Combined
Cycle Nominal Cycle HHV Heat
GT Manufacturer GT Base Model Capacity Rate
(MW)' (Btu/kWh)?
General Electric 7HA.02 573 5,970
Siemens SGT6-9000HL 595 6,010
Mitsubishi Hitachi
Power Systems 501J 484 6,110
Siemens SGT6-8000H 460 6,230
Mitsubishi Hitachi
Power Systems MHPS 501GAC 427 6,310
General Electric GE 7FA.05 376 6,270
. Siemens SGT6-
Siemens 5000F 387 6,355

The 2x1 combined cycle power plantconfiguration is the mostcommon design in the industry. However, since itis
twice the capacity of the 1x1 combined cycle power plantconfiguration, itcould require expensive system
deliverabilityupgrades. To more closelyprovide peaker-type flexibility, the combined cycle plantwould have to
cycle frequently and startas quickly as possible. Faststart 1x1 combined cycle power plantconfiguration designs
can hot startin about35 minutes, per OEM data sheets. Therefore, withoutadditional information to justifythe
additional capacityof a 2x1 combined cycle power plant, the 1x1 combined cycle configuration was selected for
evaluation, with data presented forinformational purposes only.

The combined cycle technologyincluded for evaluationis the 1x1 GE 7HA.02. Advanced class machines exhibit
better efficiencies than F-class units, and initial screening indicated thatthis unitmay be the lowestcostalternative
on a $/kW basis among 1x1 combined cycle options.



C. Plant Environmental and Siting Requirements

Environmental considerations, which can have significantimpacton the design and permitting of simple cycle
technologyoptions and combined cycle power plantoptions, include air emissions, heatrejection, and water use.
The conceptual designs and costestimates developed for each fossil planttechnologyoption include the
necessaryequipmentand operating costsin orderto meetthe federal and New York State environmental
requirements and regulations within each ofthe locations evaluated in this DCR.

1. Air Permitting Requirements and Impacts on Plant Design

Each of the candidate fossil peaking planttechnologies and each ofthe combined cycle options would be required
to obtain an air permitfrom the New York State DepartmentofEnvironmental Conservation (NYSDEC). The air
permitwill require the new source to meetvarious Federal and New York State requirements. These requirements,
among others, include New Source Performance Standards (NSPS), New Source Review (NSR), National
Emission Standards for Hazardous Air Pollutants (NESHAP) and those specified in the New York State Codes,
Rules, and Regulations (NYCRR). As discussed below, the fossil peaking planttechnologies and combined cycle
plants will also need to obtain a Certificate of Environmental Com patibilityand Public Need from the New York
State Board on Electric Generation Siting and the Environment.

a. New Source Performance Standards

The fossil peaking planttechnologies and combined cycle options will be subjectto NSPS, which are included in
40 CFR Part 60. The NSPS that are expected to applyto each of the generating options include:

=  SubpartKKKK — Stationary Combustion Turbines (simple cycle and combined cycle plants)
=  SubpartTTTT — Standards of Performance for Greenhouse Gas Emissions for Electric Generating Units
(simple cycle and combined cycle plants)

These two sections ofthe NSPS are technologyspecificand do notvary based on the installation locationofthe
gas turbine. SubpartKKKK requires combustion turbines with heatinputs greater than 850 MMBtu/hour to limit
NOx emissionstoless than 15 ppm while firing natural gas and to less than 42 ppm while firing liquid fuels (e.g.,
ULSD)."“These standards applyto all the combustion turbine options with heatinputs greater than 850 MMBtu/hr,
including the GE 7F.05 and GE 7HA.02 units. Based on the typical vendor data, the F-class machine usedin this
DCR has a NOx emissionsrate of 9 ppm, so it would notrequire a SCR emissions controls to satisfy Subpart
KKKK.

The base model 7HA.02 emits 25ppm NO,, which would require SCR emissions controls to complywith Subpart
KKKK. However, GE also offers a version of the 7HA.02 unittuned to emit15 ppm NOy, which would notrequire
SCR emissions controls to satisfy Subpart KKKK. There are no hardware changes to the GE 7HA.02 turbine, but
the unitis controlled for a lower combustion temperature to reduce NOx production. Because firing temperature is
also proportional to the turbine’s outputand efficiency, there is also a performance impact (approximately 5%
reduction in output).




Similarly, for turbines with heatinputs between 50 and up to and including 850 MMBtu/hour, Subpart KKKK limits
NOx emissionsto 25 ppm when operating on natural gas and 74 ppm when firing fuels besides natural gas (e.g.,
ULSD). The NOx emissions rate forthe Siemens SGT-A65 is 25 ppm, but since its heatinputis less than 850
MMBtu/hour, it does notrequire SCR emissions controls to satisfy Subpart KKKK.

Subpart TTTT establishes CO:limits for “base-load” combustion turbines. Base-load combustion turbines must
meetan emission limitof1,000 Ib COo/MWh or 1,030 Ib COo/MWh and the limitapplies to all sizes of affected
base-loadunits. The base-load unitrequirements are applicable to the informational combined cycle plants
evaluated. Non-base load units mustmeetan emissionlimitbasedon clean fuels and is an inputbased standard
(e.g.,Ib CO/MMBtu basis).Non-base load statusis basedon a sliding scale for capacityfactor based on a unit’s
net efficiency at International Organization for Standardization (ISO) conditions. BMCD estimated the netefficiency
at 35% for simple cycle technologies. In order to avoid being subjectto the “baseload” NSPS standard, which
these turbines in simple-cycle mode cannotmeet, the peaking plantneeds to limittheir capacityfactors over a 12-
operating month ora three-year rolling average basis to less than the netLHV efficiencyat International
Organization for Standardization (ISO) conditions. This limits each ofthe fossil peaking planttechnologyoptions to
3,066 hours of operation based on a 12-month rolling average. '®

New York State also has performance standards for CO2emissionsin the NYCRR. Table 9 compares Subpart
TTTT requirementto the requirements of NYCRR Part251 - CO2 Performance Standards for Major Electric
Generating Facilities. Each ofthe peaking planttechnologyoptions and combined cycle options mustcomplywith
both Subpart TTTT and NYCRR Part 251 requirements.

Table 9: Comparison of 40 CRF Part 60 Subpart TTTT to NYCRR Part251 Requirements

Generating Facility Type Subpart TTTT NYCRR Part251
. . . ) 1,450 Ib CO2/MWh-g or
I I bustion Turb -Fired 1201b MMBL

Simple Cycle Combustion Turbine Gas-Fire 0lb COof u 160 1b COJ/MMBty
Simple Cycle Combustion Turbine Multi-Fuel 120to 1601b 1,450 b CO2/MWh-g or
Fired! CO2/MMBtu 160 Ib CO2/MMBtu
Combined Cycle Combustion Turbines 1,000 Ib CO2/MWh-g 9251b CO2/MWh-g or
(Informational) or 1,030 Ib CO2/MWh-n 120 Ib/MMBtu

b. New Source Review

The NSPS requirements discussed above are technologyspecific, notlocation specific. In addition to NSPS, new
units will be subjectto the EPA’'s New Source Review (NSR) program, which considers the impacts to the air




quality in the vicinity of the emission source. Ifa projectsite is located in an area where a criteria pollutant's
concentration is below its respective National Ambient Air Quality Standard (NAAQS), thenthe areais in
“attainment’ for that pollutant. Areas where a criteria pollutant’'s ambientconcentration is above its NAAQS is
classified as a “nonattainment” area, and there are multiple levels of nonattainment (i.e. moderate vs. severe).
The NSR program is splitinto two permitting pathways/regimes: Prevention of Significant Deterioration (PSD) and
NonattainmentNew Source Review (NNSR). The preconstruction review process for new or modified major
sources locatedin attainmentand unclassifiableareas is performed under the PSD requirements. Preconstruction
reviews for new or modified major sources located in nonattainmentareas is performed underthe NNSR program.

In orderto improve a nonattainmentarea’s air quality, the NNSR permitting pathwayhas more stringentpermitting
thresholds and requires stricter permitting analyses. In an attainmentarea, a source thatwould qualifyfor a PSD
permitwould need to perform a Best Available Control Technology (BACT) analysis, which reviews control
technologies thathave beeninstalled on similar units for applicabilityto the new source. BACT analyses allow for
the evaluation of cost feasibilitywhen determining the control technologyrequired. On the otherhand,in a
nonattainmentarea, a source applying fora permitunder NNSR review is required to go through a Lowest
Achievable Emission Rate (LAER) analysis, which does nottake costinto consideration when determining
applicable control technologies and thus typicallyhas much more stringentcontrol requirements. The NNSR only
applies to the pollutants thatare classified as nonattainmentfora projectarea (meaning thatone pollutantcould
undergo NNSR review if the site location is a nonattainmentarea for that pollutant, while the other pollutants could
be subjectto PSD review if the site location for such other pollutants is classified as attainment).

The PSD major source thresholds are listed in Table 10. The major source threshold fornew combined cycle
facilities is lower (100 tons/year) than the major source threshold for new simple combustionturbines (250
tons/year). The annual emissions are typicallybased on the potential to emit(PTE) at 8,760 hours/year of
operation. If a new source is determined to be a major PSD source, then PSD review would be performed forany
pollutantthatexceeds the SignificantEmission Rates (SER)listed in Table 10.

However, it is possibleto “syntheticallylimit”a unit's operating profile to maintain emissions for applicable
pollutants belowthe PSD thresholds (both the major source threshold and the SER threshold). By synthetically
limiting the PTE, the facility will become a “synthetic minor source”, requiring less strict permitting analyses. For
example,a BACT analysis would notbe required as a partof a federal synthetic minor permitting application.

On June 23, 2014, the Supreme Courtissued a decision in Utility Air Regulatory Group (UARG) v Environmental
Protection Agency (EPA), which challenged the EPA “Tailoring Rule”.'® As a resultofthis court decision, EPAmay
not treat greenhouse gases (GHGs) as an air pollutantto determinewhethera source is a major source required
to obtain a PSD permit. However, EPA can require PSD permits (which are otherwiserequired) to contain
limitations on GHG emissions based on the application of BACT only if another pollutantis also subjectto PSD.

For the currentDCR, as shownin Table 10,the PSD major source thresholds are 100 tons/yearfor combined
cycle facilities and 250 tons/year for the fossil peakingplanttechnologies.




Table 10: PSD Major Facility Thresholds and Significant Emission Rates

NGCC Major Source CT Major Source S_lgrrlflcant
Pollutant Threshold’ Emissions Rate
Threshold (tons/year)
(tons/year) (tons/year)

Carbon monoxide (CO) 100 250 100
Nitrogen oxides (NOy) 100 250 40
Sulfur dioxide (SO») 100 250 40
Coarse particulate matter (PMo) 100 250 15
Fine particulate matter (PMz5s) 100 250 10
Volatile organic compounds 100 250 40
Greenhouse gases (GHG): as Note 2 Note 2 75,000
CO-e
NGCC — natural gas combined cycle (informational); CT — combustion turbine

As mentioned above, anypollutantsubjectto PSD review (i.e. exceeds the PTE thresholdsin Table 10)is required
to perform a BACT analysis. Absentapplication ofa synthetic operating limit, itis expected thatin order for a new
unitin New York State to meetthe BACT standard, SCR emissions controls would be required for nitrogen oxide
(NOy) control and an oxidation catalyst would be required for carbon monoxide (CO) and/or volatile organic
compounds (VOC) control. In addition to BACT requirements, an air qualityimpactanalysis (air dispersion
modeling), and an analysis of otherimpacts (e.g., soils, vegetation, and visibility) are required for all pollutants
subjectto PSD review.

NNSR only applies to the pollutants for which a given area is classified as in nonattainment. The current
nonattainmentareas in New York State are illustrated in Figure 2. These areas are nonattainmentfor the eight-
hour ozone National Ambient Air Quality Standard (NAAQS). NNSR also applies throughout New York State for
precursors ofozone (NOx and VOC), since all of New York State is inthe Ozone TransportRegion (OTR). Since
NOx and VOC are treated as nonattainmentpollutants statewide, proposed facilities maybe required to comply
with both the PSD requirements for attainment pollutants and NNSR requirements for nonattainment pollutants.
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Figure 2: Current Nonattainment Areas in New York
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Table 11 presents the nonattainmentmajor facilitythresholds and emission offsetratios for each ozone
nonattainmentclassification. Nonattainmentareas classified as Severe include the New York City Metropolitan
Area and the Lower Orange County Metropolitan Area. The New York City Metropolitan Area includes all ofthe
New York City, as well as Nassau, Suffolk, Westchester and Rockland Counties. The Lower Orange County
Metropolitan Area includes the Towns of Blooming Grove, Chester, Highlands, Monroe, Tuxedo, Warwick, and
Woodbury. The remaining areas in the State are classified as either Marginal, Moderate orin the OTR." Table 12
summarizes the ozone nonattainmentclassification and NNSR major source thresholds for NOxand VOC for each

of the locations evaluated as partofthis DCR.

" Notably, Orange County includesareasthat are both Severe and Marginal/Moderate nonattainmentareas. Orange County islocated
within the G-J Locality, west of the Hudson River. Consistent with the past two DCRs, AGl and BMCD considered peaking plant
technologieslocatedin either Rockland County (west) or Dutchess County (east) in Load Zone G. The use of these two locations
providesfora consideration of differencesin attainment areason peaking plant siting and permitting costs. AGl and BMCD did not
consider specific locationswithin a county, whichwould be requiredto develop an accurate estimate for Orange County, given the
differencesin nonattainment designationsthroughout the region.
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Table 11: NNSR Major Facility Thresholds and Offset Ratios

Major Facility

Threshold (tons/year) Emission Offset Ratios

Contaminant

Marginal, Moderate, or Ozone Transport Region (OTR):

Volatile Organic Compounds (VOC) 50 At least1.15:1
Nitrogen oxides (NOy) 100 At least1.15:1
Severe:

Volatile Organic Compounds (VOC) 25 At least1.3:1
Nitrogen oxides (NOy) 25 At least1.3:1

Table 12: Ozone Nonattainment Classification and Major Source Thresholds by Load Zone

C- . G- G- K - Long
Central | F -CaPal | piichess | Rockland Ll Island

Ozone_z nor_1att13|nment Moderate | Moderate | Moderate Severe Severe Severe
classification
NNSR NOx Major Source
Threshold (tons/year) 100 100 100 25 25 25
NNSR VOC Major Source
Threshold (tons/year) 50 50 50 25 25 25

NNSR major sources locatedin nonattainmentareas for ozone are required to install LAER technology. LAER is
an emission rate thathas been achieved oris achievable for a defined source and does notconsider cost-
effectiveness. SCR emissions control systems for NOxemissions and an oxidation catalystfor VOC emissions are
expected LAER technologies for combustion turbine facilities subjectto NNSR.

Similarto the PSD permitting process, a syntheticlimit(e.g., application ofan annual operating hours cap/limit)
could be applied to a new source or facility, which would bring the annual PTE below the thresholds listedabove in
Table 11 and Table 12. Since the facility would no longer be subjectto NNSR, the LAER analysis would no longer
be required.

The GE 7HA.02 peaking planttechnologyoption with a 25 ppm NOx emissions rate and the 1x1 GE 7HA.02
informational combined cycle plantwould alreadyrequire the installation of SCR emissions controls perthe NSPS
Subpart KKKK limits discussed in the prior section. When using the maximum annualrun hours limitation for
simple cycle units for compliance with the NSPS TTTT regulation, the othertechnologies considered in this DCR
would require SCR emissions controls as a partof NNSR analyses requiring LAER in all locations evaluated,
regardless of nonattainmentstatus ofareas ofeach location. Based on the maximum hours perNSPSTTTT, the



CO catalyst would be required forthe Siemens SGT-A65 and the 1x1 GE 7HA.02 in all locations evaluated. The
control technologyrequirements (required to meetthe NSPS or expected to meetLAER requirements as a partof
NNSR absentanyconsideration of a synthetic limitation) are summarized in Table 13 below.

Table 13: Control Technology Requirements for Fossil Technologies Analyzed at Greenfield Sites at
Maximum Annual Run Hours

C - Central F - Capital G - Dutchess G - Rockland J -NYC Kls-lla-::g
Moderate Moderate Moderate Severe Severe Severe
Cco Cco Cco co co Cco
Technology | SCR Catalyst SCR Catalyst SCR Catalyst SCR Catalyst SCR Catalyst SCR Catalyst
3x0 Siemens
SGT-A65 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
1x0 GE 7F.05 | Yes No Yes No Yes No Yes No Yes No Yes No
1x0 GE
7THA.02, Yes No Yes No Yes No Yes No Yes No Yes No
15 ppm NOy
1x0 GE
7THA.02, Yes No Yes No Yes No Yes No Yes No Yes No
25 ppm NOx
1x1 GE
7THA.02 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
(Informational)

In addition to the “maximum-hour” compliance analysis performedabove, BMCD also analyzed other
methodologies of compliance—specificallylimiting the annual hours of operation of each technologyin orderto

reduce emissions below the NNSR threshold to remove the requirementto perform a LAER analysis. The

approximate hours per yearrestriction to eliminate the need to perform LAER for operating solelyon natural gas or

operating solelyon ultra-low sulfur diesel (ULSD) fuel are shown in Table 14 and Table 15 below. The limits

displayedin the tables are estimated based on Ib/hr emissions rates atISO conditions. The dispatch analyses take
into accountseasonal emissions differences due to differentseasonal heatrates and capacities, so annual limits in
the net EAS model for fossil plants maybe differentthan those shown below.

NOx emissions are higher for fuel oil operation than natural gas operation. In the case of a unitincluding dual fuel
capability, the syntheticlimitmaybe reached with fewer hours than a gas only unit, based on the quantity of each
fuel used over the course ofthe year. Since the NOx emission rate ofthe 25 ppm base design ofthe GE 7HA.02 is
above the NSPS KKKXK, this unit will require SCR emissions controls to complywith the NSPS standard, which is
notinfluenced bypotential application ofannual operating hours or projectlocation. Therefore, itis included in the
tables below, butnotincluded in the synthetic minor analyses performed.




Table 14: Approximate Annual Operating Limits Needed to Not Require SCR Emissions Controls Using

Natural Gas Only at a Greenfield Site

C- F- G- G- J-NYC | K-Long
Technology Central Capital | Dutchess | Rockland Island

Moderate | Moderate | Moderate Severe Severe Severe
ox) Dlemens SGT- 1,195 1195 1,195 295 295 295
1x0 GE 7F.05 2,500 2,500 2,500 620 620 620
1X0 GE 7HA.02, 1,060 1,060 1,060 260 260 260
15 ppm NOXx
1X0 GE 7HA.02, NJ/A2 N/A2 N/AZ N/A2 N/AZ N/A2
25 ppm NOx
1x1 GE 7HA02 N/A2 N/A2 N/A2 N/A2 N/A2 N/A2
(Informational)

Table 15: Approximate Annual Operating Limits Needed to Not Require SCR Emissions Controls Using
ULSD Only at a Greenfield Site

C- F - G- G- J-NYC K - Long
Technology Central Capital | Dutchess | Rockland Island

Moderate | Moderate | Moderate Severe Severe Severe
220518'9"‘9”3 SGT- 717 717 717 177 177 177
1x0 GE 7F.05 465 465 465 115 115 115
1x0 GE 7HA.02,
15 ppm NOX 312 312 312 78 78 78
1X0 GE 7HA02, NJ/A2 N/A2 N/AZ N/A2 N/AZ N/A2
25 ppm NOx
1x1 GE 7HA.02 N/A2 N/A2 N/A2 N/A2 N/A2 N/A2
(Informational)

Figure 3 shows the estimated NOxemissions for the Siemens SGT-A65 unit, the GE 7F.05 unit, and the GE
7HA.02 15 ppm unitusing the Subpart TTTT limit, the annual operating limits to become a synthetic minor source,
and the Subpart TTTT hourly limits with SCR emissions controls. The GE 7HA.02 25 ppm unit (eitherin simple or
combined configuration) will require SCR emissions controls in order to complywith NSPS KKKK, and thus are not
included in this depiction. The emissions estimates shown are for natural gas operation only. The approximate
hourly operating limitis used as the threshold to trigger NNSR permitting in a moderate county(limited to 100 tpy
NOy).
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Figure 3:NOx Emissions Comparison
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Including SCR emissions controls on a simple cycle plantcan serve to mitigate certain siting, permitting, and future
marketrisks which are considered by power plantprojectdevelopers. As discussed below, the fossil peaking plant
technologies will needto obtain a Certificate of Environmental Compatibilityand Public Need from the New York
State Board on Electric Generation Siting and the Environment. Inissuinga certificate, the Siting Board is required
to determine the facilitywill minimize or avoid adverse environmental impacts to the maximum extent practicable.™
Based on the emissions estimates performed forthe DCR, a dual fuel GE 7HA.02 simple cycle plantwith SCR
emissions controls would have alower PTE than a gas onlyplantwith annual operatinglimits to bring itbelow the
NNSR thresholds.

However, with availabilityof a synthetic minorapproach thatmaylimitrun hours, the installation of SCR emissions
controls in partreflects economic tradeoffs to the plantdeveloper, with up-frontcapital costs and additional
operating costs balanced againstrelaxed runtime restrictions. If the unit's expected hours of operation would not
be expected to exceed the runtime restriction, thenitmay not be economicfora new plantto install SCR
emissions controls. Considering the balance of costs and risks discussed above, itis AGI's and BMCD’s opinion
that the developer of anew plantin Load Zones C and F would notseekto include SCR emissions control
technologyfor a gas onlyplantat the time of construction due to economic considerations. Instead, forthese
locations, itis assumed thatthe developer of a gas onlypeaking plantwould acceptand adhere to the applicable

" New York Public Service Law, Section 168(3)(c) requiresthat “the adverse environmental effects of the construction and operation of
the facility will be minimized or avoided to the maximum extent practicable...”
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annual operating hours limitnecessaryto become a synthetic minorsource.' ForLoad Zone G (Dutchess
County), AGI and BMCD determined thatthe balance of considerations supported the inclusion of SCR emissions
control technologyduring construction fora dual fuel plantdesign. Basedon prices from a three-year historical
period (2016/17 to 2018/19), the GE 7HA.02 unit without SCR emissions control could emitless thanits annual
NOx emissionslimitbyimplementing an operatinghours limitthat curtailed relativelyfew hours of operation.
However, we assume thata developerwould choose to build a dual fuel unitwith SCR emissions controls,
reflecting several considerations. First, SCR emission controls provides optionalityto operate above the synthetic
minor operating limit, which could be financiallyvaluable in the future. Our three-yearanalysis does notfully
capture value of this optionality. Future netEAS revenues maybe greaterthan net revenues in the historical years
evaluated given the potential increases in demand for operation from the peaking plantfrom increased levels of
renewables and potential retirements of gas turbines downstate due to the NYDEC “peakerrule” (see Section
[1.C.3 for details on the “peakerrule”). Second, the installation of SCR emissions control could mitigate potential
permitting and siting risk associated with building a new dual fuel unitin the lower Hudson Valley(see Section Il.D
for more details on dual fuel) without back-end emissions control technology. Within this context, a potentially
relevant considerationis thatthe lower Hudson Valleyalso contains severe non-attainmentareas and that
selecting a plantwithout SCR emissions controls would notaccommodate potential new plants throughoutthe
region.

In addition to installing technologies to address LAER analysis, major sources in nonattainmentareas are required
to secure emission offsets, oremission reduction credits (ERCs), atthe ratios ofrequired ERCs to the facility's
PTE presentedin Table 11. The ERCs mustbe the same as for the regulated pollutantrequiring the emission
offsetand obtained from within the nonattainmentarea in which the new source will locate. Under certain
conditions the ERCs maybe obtained from other nonattainmentareas ofequal or higher classification. NOxand
VOC ERCs formajorsourceslocating in an attainmentarea of New York State may be obtained from anylocation
within the OTR, including other states in the OTR, provided aninterstate reciprocal trading agreementis in place.

The costof securing emission offsets was included in the total capital investment estimates for each technology
option. The estimated costofthe ERCs were based on the maximum NOxemissions from natural gas operation.
The ERCs were calculated with SCR emissions controls for Load Zone G (Rockland County), NYC, and LI. The
annual hours were restricted to those needed to complywith NSPS Subpart TTTT. The annual emissions usedin
the ERC costcalculations were based on the controlled emission rate assumptions thatare shown in Table 16.




Table 16: Emissions Rate Assumptions for Fossil Plants

NOx (ppm) ' | €O (ppm)* | VOC (ppm)* | It
Natural Gas Firing without SCR/CO Catalyst
1x0 GE 7F.05 9 9 1.3 1,230
110 GE 7HA02 15 9 > 1,120
Natural Gas Firing with SCR
3x0 Siemens SGT-A65 2 2 5 1,130
1x0 GE 7F.05 2 2 1 1,230
;’gopﬁi o 2 2 1 1,130
(hformational) 2 2 ! 760
Ultra-Low Sulfur Diesel Firing without SCR
1x0 GE 7F.05 42 14 24 1,650
1;0;:51 LI-(I)/?OZ 42 12 24 1,490
Ultra-Low Sulfur Diesel Firing with SCR
3x0 Siemens SGT-A65 5 2 2 1,510
1x0 GE 7F.05 5 2 2 1,650
;gopﬁi o 5 2 2 1510
1x1 GE 7HA.02 5 2 2 1,050

(Informational)




2. Cap and Trade Program Requirements

New stationarycombustion sources in New York State are also subjectto cap-and-trade program requirements
including:

=  CO2BudgetTrading Program (6 NYCRR Part 242)

=  Cross State Air Pollution Rule (CSAPR) Trading Program

= CSAPR NOx Ozone Season Group 2 Trading Program (6 NYCRR Part243)

= CSAPR NOx Annual Trading Program (6 NYCRR Part244)

= CSAPR SO- Trading Program (6 NYCRR Part 245)

= SO2 Acid Rain Program (40 CFR Parts 72-78)

= Nonattainmentand Ozone TransportRegion (OTR) SIP Requirements (40 CFR51.116 and 40 CFR
51.1316)

The CO2 Budget Trading Program regulations would applyto all fossil peaking planttechnologies assessed, as
well as the informational combinedcycle plants. Part242 establishes the cap-and-trade provisions pursuantto the
Regional Greenhouse Gas Initiative (RGGI), a nine-state cooperative effortto reduce greenhouse gas emissions
from electrical generating facilities bymeans of a cap-and-trade program. Under RGGI, each participating state
has committed to state regulations thatwill cap and then reduce the amountof the CO> that electrical generating
facilities are allowed to emitin total across the RGGI region. CO.allowances are obtained bygenerators through a
CO- allowance auction system and are traded using CO2Budget Trading Programs.

In general, Parts 243, 244,and 245 CSAPR regulations applyto any stationaryfossil fuel-fired boiler or
combustion turbine thatserves a generator with a nameplate capacityequal to or greater than 25 MW producing
electricity for sale.

The costof CO,, NOx, and SO- allowances are included in the economic dispatch and accounted forin the net
EAS revenue estimates for each technologyoption. In addition, the cost of ERCs is includedin the capital cost
estimates foreach applicable location as required by NNSR air permitting requirements.

Starting in 2017,the CSAPR Update required New York electric generating units (EGUs) to participate in the new

CSAPR NOyx Ozone Season Group 2 Trading Program instead ofthe original program (now named Group 1). The
CSAPR update also lowered the ozone season budgetfor the State of New York by approximately58% in orderto
address the revised and more stringentozone NAAQS. Figure 4 demonstrates the new Group 2 ozone emissions
budgeted for New York State, as well as the amountof NOx emissions emitted byEGUs in 2018 (the mostrecent
year with data readily available).
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Figure 4: New York State CSAPR Ozone SeasonNOy Budgets and Electric Generating Units (EGUs) NOx
Emissions
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The Clean Air Act sets outspecific requirements for a grouping of northeasternstates thatmake up the Ozone
TransportRegion.ltwas determined thatthe NOx, CO, and VOC emissions from these states impacted several
otherregions/states downwind. States in the OTR region mustsubmita State Implementation Plan (SIP) and
install more stringentcontrols on equipmentin order to control the production ofozone, even if a county or area
meets the ozone standards. These requirements are discussed above and have been incorporated into the
NYDEC New Source Review for New and Modified Facilities.

3. “Peaker Rule”

In 2020, New York State adopted 6 NYCRR Subpart227-3, “Ozone Season Oxides of Nitrogen (NO,) Emission
Limits for Simple Cycle and Regenerative Combustion Turbines,” (‘“NYDEC Peaker Rule”). This applies to owners
and operators of simple cycle and regenerative combustion turbines thatare electric generating units with a
nameplate capacityof 15 MW or greaterthat inject powerinto the transmissionor distribution systems, onlyduring
the ozone season (May 1 to September 30).By May 1, 2025, the NOx emission limits will be 25 ppmvd for natural
gas and 42 ppmvd for distillate or otherliquid fuel oils. As shown in Table 13 above, the new fossil peakingplant
technologies assessed complywith these thresholds. Therefore, this rule will notdirectlyimpactthe fossil peaking
plants evaluated in this study.

4. Plant Cooling Requirements

The major source of heatrejection for combinedcycle power plants is the steam turbine condenser. New
combined cycle power plants typicallyuse mechanical draft cooling towers or air-cooled condensers (ACCs). Both
cooling methods can meetClean Water Act Section 316(b) Rule requirements for new facilities. At some locations
new combined cycle power plants are moving towards the use of ACCs driven by environmental and/or water
scarcity concerns. The New York Departmentof Environmental Conservation issued NYSDEC Policy CP-#52,
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which seeks a performance goal ofdry cooling forindustrial facilities sited in coastal zones and the Hudson River
up to Troy. For this study, it has been assumed thatthe informational combined cycle options would be designed
with ACCs in all locations evaluated.

5. Other Permitting Requirements

Public Service Law Article 10 requires anyproposed electric generating facilities with a nameplate generating
capacity of 25 MW or more to obtain a Certificate of Environmental Compatibilityand Public Need. The Article 10
process includes stakeholderintervention processes, including intervener funding provisions bythe project
developer. In its review, the New York State Board on Electric Generation Siting and the Environment (Siting
Board)is required to find that the facility will minimize or avoid adverse environmentalimpacts to the maximum
extent practicable.In doing so, the Siting Board mustconsider both the state of available technologyand the
nature and costof reasonablealternatives.

6 NYCRR Part 487 establishes a regulatoryframework for undertaking an analysis of environmental justice issues
associated with the siting ofan electric generating facilityin New York State pursuantto Article 10. Part 487 is
intended to enhance public participation and review of environmental impacts of proposed electric generating
facilities in environmental justice communities and reduce disproportionate environmental impacts in overburdened
communities. Specificanalysis requirements are evaluated on a case-by-case basis. The estimates oftotal capital
investmentforeach technologyoption include expenditures to conductenvironmental justiceanalysis as part of
the projectdevelopmentcosts.

D. Dual Fuel Capability

The recommended technologychoice also requires determining for each location whether the peaking plant s hould
be a natural gas-onlyresource orhave the capabilityto operate on both natural gas and ULSD (dual fuel). The
currentpeaking plants include dual fuel capabilityforthe NYC, LI, and G-J LocalityICAP Demand Curves. The
currentpeaking plantforthe NYCA ICAP Demand Curve is a gas-onlydesign.

In this DCR, we have evaluated whetherto recommend including dual fuel capabilityin each Load Zone. As with
manyof the technologychoices considered, we evaluated potential recommendations againsta review of relevant
data and considerations tied to whatdevelopers are likelyto include in developmentprojects, in consideration of
costs, potential revenues, technologyoptionality,and developmentand operational risks.

The incremental costs for dual fuel capability (which would be deducted for a gas only unit)are shown in the
capital costestimatesin AppendixA, and highlighted in Table 17 below. The capital costs include gas turbine
combustion system modifications provided bythe OEM and field installed, a fuel oil storage tank with 96 hours of
storage capacity, piping (fuel and water), and associated electrical and controls modifications. The owner’s costs
include the purchase ofthe fuel inventory and the additional fuel requirements for startup and commissioning.



Table 17: Incremental Dual Fuel Costs for Fossil Plants

N F - Capital €= €=

Central Dutchess | Rockland
3x0 Siemens SGT-A65
Capital Costs, 2020 MM$ $11.3 $11.3 $11.3 $11.3
Owner's Costs, 2020 MM$ $7.0 $7.0 $7.0 $7.0
1x0 GE 7F.05
Capital Costs, 2020 MM$ $16.9 $16.9 $16.9 $16.9
Owner's Costs, 2020 MM$ $8.4 $8.4 $8.4 $8.4
1x0 GE 7HA.02
Capital Costs, 2020 MM$ $25.4 $25.4 $25.4 $25.4
Owner's Costs, 2020 MM$ $12.5 $12.5 $12.5 $12.5
1x1 GE 7HA.02
(Informational)
Capital Costs, 2020 MM$ $25.4 $25.4 $25.4 $25.4
Owner's Costs, 2020 MM$ $13.5 $13.5 $13.5 $13.5

Based on ourevaluation, AGl recommends thatthe peaking planttechnologydesign should continue to include
dualfuel capabilityin Load Zones G, J, and K. Consistentwith the currentdesign forthe NYCA ICAP Demand
Curve, AGI recommends continued use ofa gas-onlydesign for Load Zones C and F. This recommendation is
based on the consideration ofa number oftradeoffs a developerwould consider when deciding whetheror notto
include dual fuel capabilityin a developmentprojectin New York state and whether, on balance, a developer
would more likelythan not decide to include dual fuel capabilitybased on such considerations. Specifically, the
following observations inform the conclusion thatthe answerto this questionis yes in Load Zones G, J, and K, and
no in Load Zones Cand F:

= There are local electricreliabilityrules applicable to NYC and LI that require dual fuel capability.
Additionally, nearly all gas fired generation in Load Zones Jand K is connected to the LDC gas system,
and several LDC gas tariffs require dual fuel capabilityfor generators. Such LDC requirements are in
place for National Grid in Load Zones C, F and K; Orange & Rockland and Central Hudson in Load Zone
G; and Con Edisonin Load Zone J.

= Investmentindual fuel capabilitybalances several economic tradeoffs. On the one hand, there are
increases in capital costs associated with the installation of dual fuel capability, and in annual costs tied
to maintaining dual fuel systems, testing dual fuel capability, and carrying an on-site inventory of fuel for
operations on the alternate stored fuel. On the otherhand, these increasesin costcould be outweighed
by the value associatedwith potential increasesin netEAS revenues from operating on the alternate fuel
when the price for the alternate fuel is less than thatof natural gas, and allowing production when gas
supplies would otherwise be curtailed (such as during certain winter periods when gas supplies maybe
scarce due to higherdemand forall end uses). Moreover, the value of dual fuel optionalitymay be
greaterunder LOE marketconditions, particularlyto the extent that such conditions arise due to shifts in
generation resources thatincrease reliance on gas-fired resources. These factors are particularlytrue in
Load Zones G, J, and K, where there are potentiallymore meaningful constraints on natural gas
availabilityin winter months thanin the restof the state.



=  Potential peaking plantdevelopers would also consider various risks and benefits associated with project
developmentand siting. Specifically, on the one hand adding dual fuel capabilitywould expand the
geographical flexibilityfor power plantsiting, bysupporting the siting of plants on (and obtaining gas
supplyfrom)the distribution systems oflocal gas distribution companies. Expanding such geographic
flexibility increases the potential offinding sites thatcoincidentallyminimize the costs to obtain both
natural gas and electrical interconnections. On the other hand, the addition of oil-fired capabilitycan
complicate the process of successfullysiting and permitting the facility.

=  Finally, inthe downstate regions a developer would likelyview the addition of dual fuel capability
favorablyin lightof New York State’s reliance on natural gas for power generation which is expected to
continue in the coming years, as well as in recognition of constraints on the use of natural gas thatarise,
particularlyduring winter months.

FERC'’s acceptance ofthe current peaking plantdesigns recognized thatdual fuel capabilityis mandatoryin NYC
andLl, and,although notmandatoryin Load Zone G, FERC agreed that “dual fuel capabilitycomes with increased
revenue potential, siting benefits, and reliabilitybenefits, plus itcan serve as a hedge to mitigate electricity price
spikes during times of high natural gas prices.” FERC also agreedthat“the G-J Localityis a relatively
geographicallyconstrained region; therefore, the inclusion of dual fuel capabilityis important for providing
increased siting flexibility,” and that “current concerns regarding the abilityto expand natural gas pipeline
infrastructure and capacityin New York underscore the reliabilitybenefits gained from dual fuel capabilityin the G-
J Locality.” FERC’s acceptance ofdual fuel capabilityfor NYC, LI, and the G-J Locality as part of the 2013 DCR
was based on similarreasons.?

In accepting a gas-onlydesign forthe NYCA ICAP Demand Curve as partof the 2016 DCR, FERC agreed that
Load Zones C and F are “far less geographicallyconstrained than the G-J Locality’ and that “natural gas supply
conditions inload zones C and F are more favorable than in the G-J Localitybecause this region is generally
located upstream of interstate natural gas pipeline constraints and has connections to natural gas supplies from
the nearbyshale gas producing regions.” As a result, the “potential incremental revenues associated with having
dual fuel capabilityare not outweighed bythe potentiallysignificant capital investment.”?!

E. Capital Investment Costs

Capital costestimates were prepared for the construction ofthe following simple cycle technologiesin New York
Load Zones, C,F, G (Dutchess County), G (Rockland County), J, and K:

=  Three Siemens SGT-A65 units
=  One GE 7F.05 unit
=  One GE 7HA.02 unit

Capital costestimates were also preparedfor the following energystorage technologies.

= 200 MW, 4-hour (800 MWh stored energy) lithium-ion
= 200 MW, 6-hour (1,200 MWh stored energy) lithium-ion




= 200 MW, 8-hour (1,600 MWh stored energy) lithium-ion

In addition, for informational purposes, capital costestimates were prepared for the construction ofa 1x1 GE
7HA.02 combined cycle facilityLoad Zones, C, F, G, J, and K.

The capital investmentcostsinclude the installed costofthe plant,owner’s costs, and financing costs during
construction. The installed costestimate is based on a developer entering into an engineer, procure, construct
(EPC) contractfor projectexecution. Owner’s costestimatesinclude the electricand gas interconnection facilities,
ownerdevelopmentand managementactivities, fuel inventory (applicable for fossil units with dual fuel capability),

builder’s risk insurance, and an additional contingency.

Table 18 provides the conceptual design features for the plants in each ofthe locations evaluated.

Table 18: Recommended Fossil Peaking Plant Design Capabilities and Emission Control Technology

. G- G- K - Long
C-Central | F-Capital | pohess Rockland )=l Island
Fuel Capability Gas Only Gas Only Dual Fuel Dual Fuel Dual Fuel Dual Fuel
Slemens_SGT-AGS Water Water Water Water Water Water
Combustion System NOx Iniecti Iniecti Iniect Iniect Iniect Iniect
Control njection njection njection njection njection njection
PostCombustion Controls SCR/CO SCR/CO SCR/CO SCR/CO SCR/CO SCR/CO
for: 3 x Siemens SGT-A65 Catalyst Catalyst Catalyst Catalyst Catalyst Catalyst
GE 7HA02 base model 15 ppm 15 ppm 25 ppm 25 ppm 25 ppm 25 ppm
NOx emissions tuning
:D :D :D :D :D :D
GE 7F.05 and GE 7HAD2  |—5 2 D220 Ic:j:I Oirl)'/ Ic:j:I Oirl)'/ Ic:j:I Oirl)'/ Ic:j:I Oirl)'/
gombustion System NOx | £1 0il: N/A | Fuel Oil: N/A | Water Water Water Water
Injection Injection Injection Injection
PostCombustion Controls
for GE 7F.05and GE None None SCR SCR SCR SCR
7HA.02 simple cycle
Informational Combined
Cycle PlantCooling Dry Dry Dry Dry Dry Dry
postbombustion Lonlials | scRICO | SCRICO | SCRICO | SCRICO | SCRICO | SCRICO
Catalyst Catalyst Catalyst Catalyst Catalyst Catalyst

Cycle

1. Plant Design Basis

The plantdesign basis is conceptual and consistentwith new facilitydesign features thatwould be constructed in
the currentmarket. Key design assumptionsinclude:

1. Site Conditions—Inall Load Zones except Load Zone J, the costestimate is based on a generic,
greenfield site. Assumed land requirements for greenfield conditions are summarized below. In New
York City, itis assumed thata peaking plantwould mostlikelybe builton a brownfield site atlow




elevation. Therefore, the New York City capital costestimate includes a nominal allowance for
demolition of existing facilities.

Storm Hardening — Costs were included to raise the Load Zone J site 4 feet as an allowance to
accommodate floodplain zoning requirements and New York City building codes to preventdamage
to the facility from flooding analogous to those which occurred due to Hurricane Sandyin 2012.
BMCD considered thatpeaking plantin Load Zone J would mostlikelybe located on brownfield sites
along the waterfront. The Federal EmergencyManagementAgency(FEMA) minimum site elevation
requirementis 14 feetNAVD88. Site elevations along the waterfrontmaybe as low as 10 feet
NAVD88.

Fuel — The capital costestimates were developed based on the fuel assumptions shown above in
Table 18. The costdeltato add or remove dual fuel capabilityis also shown in the costs in Appendix
A. Dual fuel units include a costfor fuel oil inventory, with storage levels based on the capabilityto
provide 96 hours ofoperation (equivalentto one week of on-peak operations; 6 days at 16 hours per
day). The delivered costfor the initial fuel oil inventory is assumed to be $3.00 per gallon. Initial
commissioning for each peaking plantassumes 50 hours of full load oil use for guarantee and
emissions performance testing.

Cooling Design — As summarized in Table 18, it was concluded thatfor the informational combined
cycle plants, cooling for all locations would include air cooled condenser (ACC) technology.

Inlet Cooling — Inletair evaporative coolers were included for the aeroderivative and frame
combustion turbines (for simple cycle plantoptions and the informational combined cycle plant). The
inletair evaporative coolers are operated when the ambienttemperature exceeds 59°F. The
evaporative coolerincreases the water contentof the air, which reduces its temperature typically85%
to 90% of the difference between the dry bulb and wetbulb temperature. Consequently, the largest
temperature reductionoccurs whenthe relative humidityis low. Since the air to fuel ratioin
combustionis very high and the densityof air increases as the temperature is lowered, the mass flow
through the turbine is higheratlowertemperature, which increases the MW generated.

Gas Pressure — The natural gas pressure was assumed to be 250 psig in all locations evaluated.
Natural gas compressors were included in the EPC estimates to increasethe fuel gas pressure to that
required by the combustion turbine options assessed.

EmissionControl Equipment—In Load Zones C,F, and G (Dutchess County), the NOx limitto trigger
PSD is 100 tons peryear (tpy). Frame combustion turbines with NOx emissions rates equal to orless
than 15 ppm (such as the GE 7F.05 unit and the 15 ppm NOx variant of the GE 7HA.02 unit) could
potentiallyreceive an air permitwithout SCR emissions controls byassuming a run-hour limitation to
staybelow 100 tpy. Analyses by AGI suggestthatin Load Zones C and F, developers ofa gas only
peaking plantdesign maypursue this approach as a more profitable option from a financial
perspective given that it is permissible underthe currentlyapplicable emission requirements.
Therefore, BMCD recommends considering the GE 7F.05 and 15ppm version ofthe GE 7HA.02
without SCR emissions controlsin Load Zones C and F. BMCD based its costestimates for the GE
7F.05 and 25ppm version ofthe GE 7HA.02 on a dual fuel design thatincludes SCR emissions



controls in Load Zones G (Rockland County), G (Dutchess County), J, and K. The aeroderivative
option and informational combined cycle plants in all locations are assumed to include SCR emissions
controls.

8. Black Start Capability— Black start capabilityhas notbeen included in the costestimate foranyof the
fossil plants or batteries given thatthe compensation for this service is costbased. Accordingly, the
costs of such capabilitywould be recovered in the compensation for such service, and, thus have
been excluded from both the costand revenue estimates. This is consistentwith the approach for
black startcapabilityfrom the 2016 DCR.

9. Noise Mitigation —Preliminarynoise modeling was performed to determine mitigation system
assumptions for all technologies. Software modeling was performed with the facility placed in the
center of a parcel with the acreage defined in the assumptions for this study. New York State
DepartmentofEnvironmental Conservation provides guidance for circumstances under which sound
creates significantnoise impacts within the Program PolicyMemorandum titted Assessing and
Mitigating Noise Impacts. Projects in New York City are also anticipatedto be subjectto the New York
City Environmental QualityReview (CEQR) requirements and the New York City Noise Control Code.
Based on BCMD’s experience, noise mitigation costs are dependenton the permitting process fora
specificsite,and such costs maynotnecessarilybe avoided at a larger site, as exemplified byrecent
projects in New York.?? Based on the modeling results and BMCD permitting experience, the design
basis assumesthatall simple cycle gas turbine options would be installedindoors, and thatthe
informational combined cycle plantwould include a powerisland building thathouses the gas turbine,
steam turbine, and heatrecovery steam generator (HRSG). For all fossil plantoptions, the buildings
alsoinclude administrative facilities, control room, and warehouse space. The informational
combined cycle plantalso assumes the use oflow noise fans onthe ACC. All simplecycle,combined
cycle, and BESS technologies include an additional allowancefor sound barrier walls (these are not
the same as the walls ofthe building, butrather a separate, strategicallylocated barrier to mitigate
noise impacts forcompliancewith the threshold described herein). The location and dimensions of
the sound walls will vary dependingon a hostof site specific conditions, butthe preliminarymodel
results suggestthatan allowance for barriers is warranted to meetthe thresholdofa 6 dBA increase
of the assumedambientsound levels.

10. Water Supply and Wastewater— For all Load Zones exceptLoad Zone J, water supplyis assumed to
be raw water from an onsite well. Load Zone J assumes a municipal water connection. All Load
Zones include a tank for process/fire water. Wastewater and facilitydrains are collected in onsite
tanks and pumped outvia trucks for disposal.

2 For example, CPV Valley Energy Center, completedin 2018, isa combined cycle facility that occupiesapproximately 35 acresof a
122-acre parcel. A majority of the project equipmentislocated within an acoustical building, the gasturbine isequipped withinletand
exhaust silencers, and the air-cooled condenser utilized low noise fans. In addition, Cricket Valley Energy Center, completed in2020, is
a combined cycle facility thatoccupiesapproximately 57 acresof a 193-acre parcel. A majority of the project equipmentislocatedin
within acoustical buildings, the gasturbine isequipped withinletand exhaust silencers, the air-cooled condenserand fin-fan coolers
utilizedlow noise fans, and otheritemsare surrounded by sound barriers. Competitive Power Ventures, “About CPV Valley,”
https://www.cpv.com/our-projects/cpv-valley/about/. Cricket Valley Energy Center, "Final Environmental Impact Statement,”
https://www.cricketvalley.com/Mwp-content/uploads/2017/11/CVE-FEIS-Section-1-Project-Description-final.pdf



https://www.cpv.com/our-projects/cpv-valley/about/
https://www.cricketvalley.com/wp-content/uploads/2017/11/CVE-FEIS-Section-1-Project-Description-final.pdf

11. Energy Storage Sizing — It is importantto note that costs and designs for lithium-ion battery projects
are changing rapidlyin the market. BMCD'’s recentprojectexperience suggests thatNMC, LFP, and
NCAtechnologies are competing directlyand often with differentform factors. Batteries maybe
installed in large buildings, modified containers, or purpose-builtenclosures.

a. Building designs: Forbuilding designs, the batteries are field installed in large pre-engineered
building(s).

b. Containerdesigns: Containers maybe modifiedshipping containers or custom designed
enclosures, butthey are generallypre-engineered with lighting, communications/controls, fire
suppression systems, and auxiliaries located inside. HVAC units are commonlymounted on
the sides ortops ofthe containers. The batteries typicallyship separatelyfor field installation
in containers.

c. Purpose builtenclosures:this is arecenttrend in which OEMs or integrators ship a pre-
engineered enclosure where the batteries and inverters mayship alreadyinstalled atthe
factory. This is intended to reduce field installation costs.

There are site specific, application specific,and market s pecific costdrivers thatmayimpactthe form factor for a
particular project. BMCD is not selecting a unique design basis, butthe sizing process and criteria would be
similaramong all three technologies and all three form factors. The projectis sized to accommodate the power
and energy requirements atthe pointof interconnection (POI), and to accountfor performance degradation and
subsequentaugmentation.

Table 19 below shows the assumed losses for system components. The gross power outputis sized to
accommodate for the system losses, to achieve an output capabilityof 200 MW at the POI.

Table 19: BESS System Losses and Assumptions

BESS System Losses and Assumptions
POI Rating (MW) 200
Duration (Hours) 4
Line Loss GSU to POI (%) 0.05%

GSU Loss (%) 0.50%
Auxiliary Load (%) 3.0%
Line Loss PCS Transformer to GSU (%) 0.3%
PCS Transformer Loss (%) 0.73%
Total Losses for Sizing PCS Inverters 4.58%
Gross MW Required 209




The powerrequirements detailed above are used to determine the inverter sizing and quantities. Table 20 shows
the assumptions for power outputbased on an assumed inverter size.

Table 20: BESS Inverter Sizing

BESS Sizing for Power

Inverter Power (MW) 2.65
Inverter Quantity 79
Gross MW 209

The battery capacity is sized to provide the gross MW for the design discharge duration. In addition to accounting
for the system losses above, additional capacityis added for the inverter losses and batteryspecific losses.
Because energycapacitydegrades due to time and cycling behavior, projects with performance guarantees must
be designed to accountforthe degradation. This is done through overbuild and/or augmentation strategies.
Overbuild means additional capacityis includedin the initial installation and capital cost. Augmentation means
that additional batteries are added atintervals during the projectlife. The initial installation would be designed to
accommodate future augmentation.

Overbuild and augmentation strategies are projectspecific decisions based on a multitude ofdesignand risk
factors that essentiallyassignthe costs of performance degradationbetween capital and operating cost
categories. For this study, the initial system was sized for minimal overbuild. While this maynot be typical for an
actual project, itis done to simplifythe variables for capital costand O&M costs. BESS augmentation is modeled
as a combination of variable and fixed costas a proxy for the structure of OEM service contracts, which dependin
part on the expected average number of battery cycles per year of operation. Table 21 shows how the BESS 4-
houroption was sized forinitial energycapacity. The longerduration options have proportionallylarger battery
quantities. Augmentation costs are discussed furtherin the O&M section.

Table 21: BESS Energy Sizing

BESS Sizing for Energy

Gross Power (MW) 209
Duration (hours) 4
Gross Energy to Cover Power Needs (MWh) 836
Inverter Loss (%) 1.60%
Minimum State of Charge (%) 5.0%
Battery Discharge Loss (%) 4.0%
Gross Energy Initial Installation (MWh) 932
Gross MWh Overbuild Percentage (%) 16.5%




2. EPC Cost Estimate

EPC costestimates were prepared for a generic site and do notinclude preliminaryengineering or development
activities. The information provided herein was developed solelyfor purposes ofthis studyand is notintended for
projectbudgeting, design, or construction purposes. The capital costestimates are based on BMCD’s experience
as an EPC contractor, engineering design firm, and consultantin the power generation and energystorage
industries. BMCD has recent projectexecution experience, consulting experience, and/or proposal experience on
simple cycle,combined cycle, and energystorage projects in New York, including New York City. For example,
BMCD was partof a jointventure that builta combinedcycle plantin Orange County and an Owner’s Engineer for
a recentcombined cycle facility installed in Dutchess County.

Directcosts include the labor, materials, engineered equipment, subcontracts, and construction equipment to
constructthe facility. This includes site preparation, foundations, structural steel, equipmentinstallation, buildings,
associated piping, electrical, and controls tasks. Indirectcosts include the construction management, engineering,
and startup activities, as well as warrantyand general administrative costs. Contingencyis included to accountfor
uncertainties in the quantities and pricing, which mayincrease during detailed design and procurement. In this
case,a contingencyof10% was applied to the total direct and indirect project costs, which is typical practice for
construction estimates ofthis type. A 5% EPC contractor fee is also applied to all estimated EPC costs.

= Equipmentand Material Costs - Gas turbine costs are basedon budgetaryestimates from the respective
OEMSs. Other equipmentand material quantities and costs are based on recentBMCD projectcosts,
designs, and proposals for simple cycle, combined cycle, and energystorage projects. Forall
technologies, the EPC electrical scope ends atthe high side ofthe generator step up transformer (GSU).
GSU costand installation are included in the EPC cost. For BESS options, the battery pricing was based
on recentBMCD EPC proposals for storage projects and Owner’s Engineering experience on large utility
scale storage projects.

= Labor- Laborcosts are based on man-hour durations within each craftmultiplied bythe respective labor
rates. Costs are based on the EPC contractor self-executing the steel, piping, and equipmentscopes.
All other craft scopes are assumed to be subcontracted. Construction craftbase payand supplemental
(fringe) benefits were obtained from the RSMeans Labor Rates for the Construction Industry(RSMeans)
for the nearestmunicipalityto each Load Zone evaluated. RSMeans is an industrystandard construction
costdatabase thatincludes locational labor rates thatare updated annually. Burdened laborrates were
developed by adding Federal Insurance Contributions Act (FICA) tax, state and federal unemployment
taxes, general liabilityinsurance, and workmen’s compensation insurance. All-in wage rates were
developed by adding allowances for small tools, supervision, construction equipment, and subcontractor
overhead and profit. Work is assumed to be performed on a 50-hour work week by qualified union craft
laboravailable in the respective area.

Directinstallation labor man-hours forthe base costestimates are foran ideal location and mustbe
adjusted forlocations where productivity is reduced due to a variety of factors, including weather, union
rules, construction parking and laydown space limitations, etc. Based on BMCD experience, man-hours
were multipliedbya labor productivity factor for each Load Zone evaluated.

=  Energy Storage - Estimates forthe BESS options were developed through a similar process. Due to an
increasinglydynamic storage market, BMCD intends for the BESS sizing, capital costs,and O&M costs
to be indicative of the competitive market, nota specific technologyor form factor.



3. Owner’s Costs

Owner’s costs include allowances for items such as developmentactivities, project management oversight,
Owner’s Engineer, legal fees, financing fees, ERCs, fuel inventories, builder’s risk insurance, and additional

contingency. In Appendix A, BMCD includes the interconnection costs underthe Owner’s costumbrella, butthose

items are discussed in more detail in the following sections.

Owner’s costs can vary greatly depending on the Owner and projectopportunity. Key assumptions for Owner’s
costs areincluded below:

Ownerdevelopment, oversight, permitting, and managementrelated activities are duration-based, with
assumptions for personnel costforthe Ownerand/or consultants, plus expenses. Temporary utilities are
duration-based costs for power consumedduring construction.

Allowances are included for spare parts, legal fees, and area developmentconcessions thatoften arise
as part of project permitting/siting.

Applicable ERC price assumptions for NOxand VOCs in each location are based on discussions with
emissions brokers familiar with the current ERC marketin New York. The price assumptions are shown
in Table 22.

The Startup and Testing Consumables allowance accounts for fuel and consumables during startup.
Initial fuel inventory accounts for 96 hours of fuel oil storage for fossil unitoptions thatinclude dual fuel
capability. The tank and related infrastructure for fossil unitoptions thatinclude dual fuel capabilityare
includedin the EPC cost.

It is assumed thatthe projectownerwould receive a tax exemption certificate for capital purchases.
Construction supplies and consumables would be taxable. As applicable,consumable material unitcosts
in the EPC estimates accountforsales tax.

The Builders riskinsurance allowance is based on 0.45% ofthe EPC capital cost.

Owner’s contingencyis based on 5% ofthe total installed costincluding EPC and all Owner’s costs.

Table 22: ERC Price Assumptions

) ) . G- G- _ K-Long

C -Central | F - Capital Dutchess Rockland J -NYC Island

NOxERCs ($ton) |  $1,000 $1,000 $1,000 $6,500 $6,500 $6,500
VOC ERCs ($/ton) $3,000 $3,000 $3,000 $7,000 $7,000 $7,000

Construction financing costs, including Allowance for Funds used during Construction (AFUDC) and
Interestduring Construction (IDC), were estimated during the construction period for each planttype
assuming the same 55/45 splitofdebtand equity and 6.7% costof debt assumed for the projectas a
whole. Total construction periods (including pre-construction engineering and approvals) were assumed
to differ for each technology, ranging from 24 months forthe BESS units to 48 months forthe
informational combined cycle units. As aresult, construction financing costs are estimated at7.22% of
overnightcapital costs for simple cycle units, 5.98% for BESS units,and 11.22% for the informational
combined cycle units.



4. Electrical Interconnection Costs

Interconnection costs include Minimum Interconnection Standard (MIS) costs and, if applicable, System
DeliverabilityUpgrade (SDU) costs. The NYISO planning departmentconducted deliverabilityanalysis to
determine whetheranyof the simple cycle plantoptions or BESS options being evaluated mayrequire SDUs to
obtain CapacityResource Interconnection Service (CRIS). This analysis determinedthatall peaking plantoptions
in all locations (simple cycle fossil units and BESS options) could be developed withouta requirementto incurany
SDU costs. Therefore,no SDU costs are included foranyof the simple cycle or BESS options evaluated in this
study.

Given that the combined cycle plantoptions are presented forinformational purposes only, no deliverability
assessmentwas conducted forthese plants. As a result,no SDU costs have beenincluded in the estimates
developed for this study for the informational combined cycle options.

MIS costs are comprised of Developer Attachment Facilities (DAF), System Upgrade Facilities (SUFs) atthe POI,
SUFs beyond the POI, and Connecting Transmission Owner (CTO) AttachmentFacilities (AF). The DAF costs
begin at the high side bushing ofthe GSU. The costofthe GSU is included in the EPC estimate. BMCD included
separate estimates for the plantswitchyard and the interconnecting transmission line in the Owner’s costs.

The interconnecting transmission line between the plantswitchyard and the POl is assumed to be one mile longin
Load Zone J (New York City) and three miles long in all otherlocations. The transmission interconnection in Load
Zone J is assumed to be installed underground,? whileinterconnecting transmission lines in all other locations are
assumedto be installed overhead.

The costof the plantswitchyard was based on the assumptions below:

= Air insulated switchgear (AIS) for all Load Zones except Load Zone J, which would include gas insulated
switchgear (GIS) technology.?*

= 345kV high side voltage for all Load Zones exceptLoad Zone K, which is assumed at 138 kV

= 5-positionring bus for 3x Siemens SGT-A65 option

=  3-positionring busfor1x GE 7F.05, 1x GE 7HA.02, and BESS options

= 4-position breakerand a halfconfiguration for the informational combined cycle plants

The costs forthe switchyard, interconnecting transmission line to POl and SUFs at POl were estimated byBMCD.
Budgetpricing was obtainedforthe major electrical components. Bulk materials costs, installationlabor costs,




construction indirectand otherindirect costs such as design, engineering and procurementwere factored into the
estimates developed for this study.

5. Gas Interconnection Cost

Gas interconnection costestimates are based on BMCD’s experience with gas laterals and available information
on pipeline projects recentlyplanned or completed in New York. Recentprojects in New York and Connecticut
suggestthat5 miles is a reasonable assumption for gas lateral length in all Load Zones exceptLoad Zone J.%
BMCD developed costs reflecting an average gas lateral length ofone milein Load Zone J and five miles in all
other Load Zones, with a 12-inch diameter pipeline for the 3x Siemens SGT-A65 and GE 7F.05 options and 16-
inch diameter pipeline forthe GE 7HA.02 options (both forthe simple cycle options and informational combined
cycle plants). In all Load Zones exceptLoad Zone J, estimates are based on $250,000 perinch diameter per mile
to representtotal installed cost. The average costfor a metering and regulation stationwas estimated at $3.5
millionin all Load Zones exceptLoad Zone J.

These costs representa generalized estimate to interconnectwith eitheran interstate natural gas pipeline ora gas
local distributioncompany(LDC) distribution system. As described above, units with dual fuel capabilityare
expected to have greatergeographic siting flexibility, including the abilityto interconnectwith an LDC. Project-
specificinterconnection costs foran actual plantmaybe higherorlower, depending on a multitude offactors
including distance, terrain, and existing right-of-way.

It is reasonable to expectthat the interconnection for Load Zone J would be shorter than the five mile length
estimated for all otherlocations, butthe difficulty of installinga pipeline in New York City would likelyoffsetany
savings from a shorterdistance. This would resultin aninstalled pipelinecostgreaterthan the unitcosts
considered for all otherlocations. BMCD believes thata non-site-specific allowance for Load Zone J of $20 million
for a one mile 12-inch or 16-inch diameterinterconnectto an LDC pipeline plus a metering station is reasonable to
accountfor the increased costs expected for gas interconnection within New York City.

6. Water Supply Costs

Load Zone J assumes a municipal water connection and the line item accounts fora 1-mile, 8” diameter waterline.
The estimated costforthe waterline connectionin Load Zone J is based on BMcD’s experience and review of
publiclyavailable information for water main installation and/orrestorationin NYC. For all other Load Zones, the
watersupplyis based on anonsite well thatis included in the EPC capital cost, so there are no costs shown in this
Owner’s Costline item.

7. Summary of Capital Investment Costs

Capitalinvestment costs for each location and technologyoption are summarized in the tables below. Fossil
simple cycle options for Load Zones C and F assume natural gas onlyprojects, while dual fuel projects are
assumedin all otherlocations. SCR emissions control technologyis included for all informational combined cycle
plants and Siemens SGT-A65 options in all locations. Forthe GE 7F.05 and GE 7HA.02 simple cycle units, SCR
emissions controls are included for Load Zones G (Rockland County), G (Dutchess County),J, and K. The gas




only GE 7F.05 and GE 7HA.02 simple cycle units for Load Zones C and F assume thatthe units would electto be

subjectto an annual operatinghours limitation to allow for avoidance ofthe need to install SCR emissions controls.
Add/deductcosts for these options are includedin the costbuildupsin AppendixA. Capital costs in $/kW units are
based on the total capital costdivided by the ICAP performance ofeach plantoption evaluated.

Table 23: Capital Cost Estimates ($2020 million)

. G- G- K - Long

ol |7 atEpiE] Dutchess Rockland J=lh(® Island
Simple Cycle Peaking Plant Technologies
3x0 Siemens SGT-A65 $306 $308 $333 $343 $425 $351
1x0 GE 7F.05
(with Dual Fuel and SCR) $272 $276 $281 $293 $382 $313
1x0 GE 7F.05
(Gas Only, without SCR) $222 $225 - - - -
1x0 GE 7HA.02
(with Dual Fuel and SCR) $361 $364 $369 $382 $472 $408
1x0 GE 7HA.02
(Gas Only, without SCR) $272 $275 - - - -
Informational Combined Cycle Plants
1x1 GE 7HA.02
(with SCR) $694 $709 $774 $826 $985 $920
Energy Storage
BESS 4-hour $308 $310 $313 $324 $382 $330
BESS 6-hour $429 $433 $437 $453 $518 $465
BESS 8-hour $551 $556 $560 $581 $655 $601




Table 24: Capital Cost Estimates ($2020/kW)

. G- G- K - Long

C -Central | F - Capital Dutchess Rockland J-NYC Island
Simple Cycle Peaking Plant Technologies
3x0 Siemens SGT-A65 $1,928 $1,945 $2,099 $2,161 $2,680 $2,211
1x0 GE 7F.05
(with Dual Fuel and SCR) $1,315 $1,324 $1,342 $1,403 $1,817 $1,488
1x0 GE 7F.05
(Gas Only, without SCR) $1.072 $1,082 - - ] ]
1x0 GE 7HA.02
(with Dual Fuel and SCR) $1,050 $1,054 $1,065 $1,100 $1,353 $1,170
1x0 GE 7HA.02
(Gas Only, without SCR) $831 $837 - - - -
Informational Combined Cycle Plants
1x1 GE 7HA.02
(with SCR) $1,401 $1,421 $1,547 $1,649 $1,961 $1,832
Energy Storage
BESS 4-hour $1,539 $1,552 $1,565 $1,620 $1,910 $1,649
BESS 6-hour $2,146 $2,166 $2,184 $2,263 $2,592 $2,326
BESS 8-hour $2,753 $2,778 $2,802 $2,906 $3,273 $3,004




F. Fixed & Variable Operating and Maintenance Costs

In addition to the initial capital investment, there are other costs associated with the simple cycle, informational
combined cycle, and energystorage options. These include fixed operating and maintenance (O&M) costs,
variable O&M costs, and fuel costs. The following sections describe the components thatare included in the fixed
O&M and the variable O&M. Appendix A contains tables thatprovide a breakdown ofthe fixed and variable O&M
costestimates foreach technologyin each location evaluated.

1. Fixed O&M Costs

The fixed O&M includes two components, fixed plantexpenses and fixed non-operating expenses. Fixed plant
expenses are O&M expenses thatare notaffected by plantoperation (i.e. not related to fuel consumption or
annual electric generation).

a. Fixed Plant Expenses

Fixed O&M costs were developed using BMCD proprietarytools thatgenerate costestimates for plantstafflabor,
routine maintenance, training, laboratoryexpenses, safetyequipment, building and grounds maintenance, and
administrative and general costs.

The plantstaff labor costs are based on the staffing levels in Table 25. The full time equivalent (FTE) employees
are comprised of O&M staff, managementand administrative staff. Energy storage facilities are assumed to be
remotelymonitored byexisting Owner staff, and therefore the fixed O&M results do notinclude labor personnel
costs.

Table 25: Staffing Levels and Salaries Used for O&M Estimates

C-Central | F-Capital | p e | podiang | 9N | Mland
Simple Cycle Peaking Plant Technologies
3x0 Siemens SGT-A65 7 7 7 7 7 7
1x0 GE 7F.05 7 7 7 7 7 7
1x0 GE 7HA.02 7 7 7 7 7 7
Informational Combined Cycle Plants
1x1 GE 7HA.02 | 22 | 22 | 22 | 22 | 22 | 22
Annual Salary (Wage plus Benefits)
E:';Eﬂeefq”“’a'e”t $126,000 $136,000 | $179,000 | $188,000 | $241,000 | $209,000

BMCD escalated the laborrates from the 2016 DCR for this study using the cumulative change in the average
wage rates for the respective Load Zone areas in the RSMeans Labor Rates for the Construction Industrysince
2016. Note that the laborrates from the RSMeans source were notused for O&M personnel wage rates, butthe
average laborescalation is anticipated to be reflective of generallabortrends. In assessing the plantstaffaverage
labor rate and benefits, BMCD examined the 2019 — 2020 prevailing wage rate information for Operating Engineer
codes for representative labordistricts in each Load Zone. For thelabordistricts in Load Zones C,F, G, and K,



the Operating Engineer Class Acategories tracked within 0.5% - 8.5% of the escalated DCR assumptions when
considering 2,000 hours atthe prevailing wage plus supplemental benefits. For Load Zone J, the Operating
Engineer Group 28 was used for a proxy for power plantoperator. The annual salaryusing the prevailing wage
was 15% lowerthan the escalated DCR value. Because the prevailing wage labor categories were broad and not
necessarilyspecific to power generation equipment, BMCD used this information as proxies to evaluate the
reasonableness ofusing escalated wage rates from the 2016 DCR. This evaluation indicated thatthe use of
escalated wage rates from the 2016 DCR is a reasonable assumption for this study.

b. Site Leasing Costs

The site leasingcosts are equal to the annual lease rate ($/acre-year) multiplied bythe land requirementin acres.
The costs associated with temporaryareas for laydown and parking during construction are included in the EPC
pricing. BMCD reviewed markettransactions, propertytax values and stakeholder-provided feedback in assessing
the leasing costassumptions. In addition to this review, BMCD considered quoted values obtained through
discussions with various propertyowners in the potential acquisition ofland for similar use. Particularlyin Load
Zone J, this resulted in a wide range of observed values. Using values from the 2016 DCR study, escalated to
$2020 using the cumulative change in the Gross Domestic Product (GDP) implicit price deflator (Q1 2015-Q1
2020) arrived at values that were within the observed range ofleasing costs identified byBMCD’s review indicating
that the use of an escalation approach resulted in reasonable values for purposes ofthis study.

Table 26: Site Leasing Cost Assumptions ($2020)

Load Zone J|Load Zone K I&?alg fzgeé

Land Requirement - Simple Cycle Options (acres) 12 15 15
Land Requirement — Informational Combined Cycle 27 30 30
(acres)

Land Requirement - BESS 4-hour (acres) 9 12 12
Land Requirement - BESS 6-hour (acres) 12 15 15
Land Requirement - BESS 8-hour (acres) 15 18 18
Lease Rate ($/acre-year) $270,000 $26,000 $22,000




c. Total Fixed Operations and Maintenance

The total fixed O&M expenses including the fixed plantexpenses, site leasing costs, and propertyinsurance are
shownin Table 27. As described below, propertytaxes and insurance are estimated separatelyas a percentage of
total installed costs. Propertytaxes are notincluded in Table 27.

Table 27: Fixed O&M Estimates ($2020/kW-year)

. G- G- K - Long

ol || R ezl Dutchess Rockland JlAfE Island
Simple Cycle Peaking Plant Technologies'?
3x0 Siemens SGT-A65 $22.76 $23.48 $25.95 $26.27 $47.95 $28.61
1x0 GE 7F.05
(with Dual Fuel and SCR) $16.49 $16.97 $18.45 $18.78 $35.24 $20.64
1x0 GE 7F.05
(Gas Only, without SCR) $15.41 $15.89 - - - -
1x0 GE 7HA.02
(with Dual Fuel and SCR) $12.30 $12.57 $13.47 $13.64 $23.67 $14.87
1x0 GE 7HA.02
(Gas Only, without SCR) $11.68 $11.97 - - - -
Informational Combined Cycle Plant??
1x1 GE 7HA.02
(with SCR) $17.57 $18.23 $20.57 $21.08 $37.74 $23.44
Energy Storage*
BESS 4-hour $19.53 $19.60 $19.67 $19.96 $31.29 $20.63
BESS 6-hour $27.17 $27.27 $27.37 $27.79 $43.02 $28.70
BESS 8-hour $34.85 $34.99 $35.12 $35.68 $54.81 $36.82

d. Taxes

Property taxes are equal to the productof (1) the unadjusted propertytax rate for the given jurisdiction, (2) an
assessmentratio, and (3) the marketvalue of the plant, reflecting the installed capital costexclusive ofany SDU
costs.

Outside of New York City, the effective propertytax rate is assumed to be 0.5% for all fossil peaking plant
technologyoptions based on the assumption thatthe plantwill enterinto a Paymentin Lieu of Taxes (PILOT)
agreement, which will be effective for the fullamortization period. PILOTs are typically developed based on project
specificand regional economic conditions and are expected to vary based on the unique circumstances ofeach
county and projectat the time of negotiations. A0.75% rate was used in the priortwo resets. However, a review of




Independent Consultant Study to Establish ICAP Demand Curve Parameters

PILOT data available from the New York State Comptroller’s Office indicated that0.5% is areasonable
assumption for this studythat is consistentwith current PILOTs agreements for natural gas plants in New York.28

In New York City, the property tax rate equals 4.7%,which is equalto the productof (1) the Class 4 Propertyrate
(10.5%)and (2) the 45% assessmentratio.?’

However, the New York Real Property Tax Law Section 489-BBBBBB(3)(b-1) provides a 15-year tax abatementin
New York City for the peaking plantunderlying the NYC ICAP Demand Curve.?8 Accordingly, it is assumed that

each simple cycle fossil peaking plantoption receives this exemption and incurs taxes onlyfor years 16 and
beyond.?®

Energy storage plants are provided a 15-year tax abatement statewide pursuantto New York Real Property Tax
Law Section487.% A 15 year property tax exemption is assumed for all battery storage plants in all locations for
this study. 3

The informational combined cycle plantis assumed to paythe same 0.8% effective property tax rate as simple
cycle peaking plants forlocations outside New York City. This plantis not assumed to be eligible forthe New York
City tax abatementapplicable to the simple cycle plantoptions. As a result, the informational combined cycle plant
is assumed to be subjectto the 4.7% property tax rate in all years.

e. Insurance

Insurance costs are estimated as 0.6% ofthe EPC capital cost. This same assumption was used forthe lasttwo
DCRs. This costassumption is also consistentwith values identified from prior BMCD consulting experience in
New York.

* The Office of the New York State Comptroller providesfinancial data for local governments, including Industrial Development
Agencies(IDA). See Office of the New YorkState Comptroller, “Financial Data for Local Governments,”
http://www.osc.state.ny.us/localgov/datanstat/findata/index choice .htm. AGI identified PILOT agreementsfor 8 natural gasplants, with
effective PILOT tax ratesrangingfrom 0.25% to 2.14%, and the median value of these rateswas 0.81%, calculated asthe ratio of
current PILOT paymentsto initial projectdollaramount. Available data indicatesthat PILOT paymentsmay not be fixed overtime, with
some increasing, some decreasing and some remaining constant. Based on ourreview of these past changes, we assume 2% annual
inflationin PILOT paymentshistorically and estimate PILOT paymentsat the time the project became operational. Acrossthe sample,
the adjusted PILOT tax rate rangesfrom 0.14% to 1.53%, witha medianvalue of 0.52%. These projectsin the sampleinclude a wide
range of developments, including both greenfield and brownfield developments, repowering of units, and large combined cycle units.
AGI did notreviewrecent PILOT paymentsfornuclear units, which may have a different long-term outlookforenergy revenuesthan gas
plants. Analysisofthese PILOT paymentsfound that year-to-yearadjustmentsto paymentsvaried acrossplants, with some
decreasing, some increasingand some remaining constant overtime.
" See New York City Department of Finance, “Property Tax Rates,” http://www1.nyc.govisite/finance/taxes/property-tax-rates.page and
New York City Department of Finance, “Determining Your Assessed Value,” https://www1.nyc.gov/site/finance/taxes/property-
determining-your-assessed-value.page.

See New York Real Property Tax Law, Section489-aaaaaaet seq.
# Any underlying level of real property tax on the land leased forthe peaking plantthatisnot covered by the abatement isassumed to
be accounted forwithin the land lease rate.
® See New York State Department of Taxationand Finance, Exemption Administration Manual, Section4.01,RPTL Section 487.
¥ Any underlying level of real property tax on the land leased for the battery storage plant thatisnot covered by the abatement are
assumed to be accounted forwithinthe land lease rate.
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2. Variable O&M Costs

For fossil plants, variable O&M costs are directlyrelated to plantelectrical generation. Where applicable, variable
O&M costs include routine equipment maintenance, makeup water, water treatment, water disposal,ammonia (if
SCR emissions controls are included in the design), SCR catalystreplacements (ifapplicable), CO catalyst
replacements (ifapplicable), and other consumables notincluding fuel. Inthe tables in AppendixA, variable O&M
for waterand SCR emissions controls related items are shown separately.

Simple cycle plants do notinclude demineralized water treatmentsystems in the EPC capital cost, so the O&M
assumptionsinclude temporarydemineralized water trailers for treatment, as applicable. Demineralized wateris
assumedforwaterinjection for NOyx control for fuel oil operation on all turbines options ifdual fuel capabilityis
included in the design and for gas operation on the Siemens SGT-AG5 option. This is reflected in the higher cost
for water related O&M for those cases. The GE 7F.05 and GE 7HA.02 units have dry combustionon gas
operation. Water consumedforinletevaporative cooling is notdemineralized. The informational combined cycle
optionincludes an onsite demineralized water treatmentsystem. Raw water source is assumed to be well water
for all Load Zones except Load Zone J. In Load Zone J, use of municipalwateris assumed at$5 per 1,000
gallons.

Wastewaterand plantdrains are collectedin permanentonsite tanks for periodic removal using pump trucks. The
variable O&M accounts forthe pump truck, hauling, and disposal fees.

Major maintenance, shown in Table 28, for combustion turbines is broken outseparatelyfrom routine variable
O&M for all fossil options. Combustion turbine major maintenance typically consists of combustion inspections,
hot gas path inspections, and majorinspections. Costestimates accountfora complete cycle through the first
majorinspection, based on manufacturer budgetaryestimate information and BMCD’s experience.

Major maintenance costs for the Siemens SGT-A65 unitare estimated on dollar per gas turbine hourlyoperation
($/GT-hr) basis and are notaffected by numberofstarts. Estimates are shown for one turbine and shouldbe
multipliedbythree when all three turbines are in operation.

Major maintenance costs for the frame engine options (GE 7F.05 and GE 7HA.02) are dependenton the operating
profile, so they maybe based on dollar pergas turbine start ($/GT-start) basis or dollar per gas turbine hour of
operation. In general, if there are more than 44.4 operating hours perstartforthe GE 7HA.02 unitor 27 operating
hours perstartfor the GE 7F.05 unit, the major maintenance costwill be hours based. Ifthere are less than 44.4
hours perstart(GE 7HA.02) or 27 hours perstart (GE 7F.05), the major maintenance costwill be start-based.
Note that the $/GT-hr and $/startcosts are notmeantto be additive. The operational profile determines whether
the annual maintenance costs will be based on hours or starts. %




A summaryof the non-major-maintenance variable O&Mcostfor each fossil technologyoptionin each location is
provided in Table 29 and Appendix A.

Table 28: Major Maintenance ($2020 USD)

C- . G- K - Long
Central | F-Capital | pichess | G -Rockland | J-NYC Island
Simple Cycle Peaking Plant Technologies
$/GT-
3x0 Siemens hour $190 $190 $190 $190 $190 $190
SGT-A65 $/start i i i i i i
$/GT- $350 $350 $350 $350 $350 $350
1x0 GE 7F.05 hour
$/start $9,500 $9,500 $9,500 $9,500 $9,500 $9,500
1x0 GE 7HA.02 i’GT' $600 $600 $600 $600 $600 $600
(25 ppm, our
with SCR) $/start $26,600 $26,600 $26,600 $26,600 $26,600 | $26,600
1x0 GE 7HA.02 $/GT- $600 $600 ) ] . .
(15 ppm, hour
No SCR) $/start $26,600 $26,600 - - - -
Informational Combined Cycle Plant
1x1 GE 7HA.02 i/ GT- $600 $600 $600 $600 $600 $600
(25 ppm, our
with SCR) $/start $26,600 $26,600 $26,600 $26,600 $26,600 | $26,600
Table 29: Natural Gas Variable O&M Costs ($2020/MWh)
C- . G- G- K - Long
Central | F-CaPMtal | pichess | Rockland 2 =e Island
Simple Cycle Peaking Plant Technologies
3x0 Siemens With
SGT-A65 SCR $10.09 $9.97 $9.87 $9.87 $10.19 $9.74
With $1.52 $1.52 $1.52 $1.52 $1.54 $1.52
1x0 GE 7F.05 SCR
No SCR $0.94 $0.94 - - - -
1x0 GE 7HA.02 With
(25 ppm) SCR $1.40 $1.39 $1.39 $1.39 $1.43 $1.39
1x0 GE 7HA.02
No SCR 0.93 0.93 - - - -
(15 ppm) ¥ s
Informational Combined Cycle Plant
1x1 GE 7HA.02 With
(25 ppm) SCR $1.59 $1.59 $1.59 $1.59 $1.61 $1.58




3. Battery Augmentation Costs

O&M for BESS options is includedto accountfor capacity augmentation overtime. Per Section I.B.6, all lithium-
ion batteries experience performance degradation based on age and cycling behavior. Capacityaugmentation
means thatbatteries are added to the system overits life to maintain the full discharge duration atrated capacity.
Recentmarkettrends indicate thatbattery integrators and OEMs are commonlyoffering fixed or annual pricing for
performance and/or capacityguarantees ratherthan an explicitvariable pricing model thatwould be more
comparable to fossil technologies. While variable pricing structures maynotrepresentthe recenttrend, BMCD
has reviewed proposals and/or contracts with variable pricing structures on pastprojects. For modeling
comparisons with fossil technologies, itwas desirable to model the augmentation as both a fixed and a variable
costfor the purposes ofthis study.

Battery performance degradation differs depending on the battery chemistry, discharge duration, and cycling
behavior. However, based on curves received from multiple vendors for recent projects with similar use cases
(approximately 100-365 deep discharge cycles peryear),itis reasonable to assume a 2% annual degradation rate
for modeling purposes. BMCD modeled capacityaugmentation in partas alevelized variable costover the project
life, shown in terms ofdollars per MWh discharged, and in partas a fixed costper battery-year. This coststructure
is not meantto exactly representthe setup of service contracts as written in the currentmarket, butinstead is
meantto serve as a proxy for the total costof battery augmentation over the course ofa battery's economiclife,
taking into accountannual expected run hours.

When calculating the estimates foraugmentation, BMCD considered two key pricing factors:

= |tis widelyassumed in the industrythat lithium-ion batterypricing will continue to decline over the
upcoming decade. Due to confidentiality, battery pricing foraugmentationis notbased on forward pricing
information provided bybattery OEMs. Instead, future battery pricing for the augmentation events
considered publiclyavailable batterypricing projections (developed byothers).

= BMCD alsoconsidered a modestlearningrate for battery installers.

The variable O&M costestimate resultis $8.12/MWh for all BESS options and the fixed augmentation O&Mcost
estimateis $1.14M/yr for the 4-hour BESS option, $1.71M/yr for 6-hour BESS option, and $2.28M/yr for 8-hour
BESS option. The combined fixed plus variable O&Mresults in this DCR are consistentwith recent proposals and
estimates reviewed byBMCD for similar systems and use cases.

G. Operating Characteristics

The plantoperating characteristics used to evaluate the fossil technologyoptions in each Load Zone are:

= Summerand winterdegraded capacityratings, summer dependable maximum netcapability(DMNC),
winter DMNC and ICAP plantcapacity (net output) and net heatrate (fuel efficiency);

=  Average degradation ofnetcapacityand netheat rate as plantages;

= Equivalentdemand forced outage rate (EFORd); and

= Plantstartup time and fuel required for startup.



The net outputand net heatrate for all the combustion turbine and combined cycle technologyoptions are
impacted byambientconditions (temperature and relative humidity) and site elevations. The site elevations in each
Load Zone are defined in Table 30.

Table 30 also provides the ambienttemperatures and relative humidity for the summer, winter, summer DMNC,
winter DMNC and ICAP. The summer and winterambientconditions in each Load Zone are determined atthe
average winterand summer conditions. The summer and winter DMNC ambient conditionsin each Load Zone are
determined atthe average of the ambientconditions recordedatthe time of the applicable Transmission District's
seasonal peak during the previous four like Capability Periods, as recorded atthe nearestapproved weather
station. The ICAP ambientcondition is defined as 90°F and 70% relative humidity. The ICAP DMNC value is used
to express capital costs and fixed O&M on an equivalent$/kW and $/kW-year basis. Ambientconditions for
summeraverage, winteraverage, summer DMNC, and winter DMNC are based on data from 17 New York airports
provided by the NYISO. The temperature inputs from applicable airports were used to determine the ambient
conditions basedon the weighted inputs and methodologysetforth in the NYISO Installed CapacityManual. Net
EAS revenues utilize performance values (e.g., heatrate) associated with average summer and winter conditions,
respectively, since netEAS revenues are calculated throughoutthe full year.



Table 30: Ambient Conditions for Current DCR

Elevation Ambient Relative
Load Zone () Season Temperature| Humidity
(°F) (%)
Summer 64.4 76.0
Winter 32.0 744
Spring-Fall 59.0 60.0
C - Central 421
Summer DMNC 88.9 57.7
Winter DMNC 10.8 55.7
ICAP 90.0 70.0
Summer 65.5 69.1
Winter 331 65.6
Spring-Fall 59.0 60.0
F - Capital 275
Summer DMNC 894 54.7
Winter DMNC 13.2 59.1
ICAP 90.0 70.0
Summer 67.1 77.2
Winter 36.0 755
Spring-Fall 59.0 60.0
G - Dutchess County 165
Summer DMNC 92.9 515
Winter DMNC 125 57.6
ICAP 90.0 70.0
Summer 67.1 77.2
Winter 36.0 75.5
Spring-Fall 59.0 60.0
G - Rockland County 165
Summer DMNC 92.9 51.5
Winter DMNC 125 57.6
ICAP 90.0 70.0
Summer 70.7 66.4
Winter 412 60.9
Spring-Fall 59.0 60.0
J - New York City 20
Summer DMNC 93.3 58.8
Winter DMNC 211 46.4
ICAP 90.0 70.0
Summer 67.8 77.3
Winter 39.5 69.2
Spring-Fall 59.0 60.0
K - Long Island 16
Summer DMNC 88.8 59.0
Winter DMNC 16.5 50.2
ICAP 90.0 70.0




The detailed plant performance data for each technologyoption in each location is provided in AppendixA.

Gross performance results for Siemens SGT-A65 option are based on Siemens Performance EstimatingProgram
(SIPEP). Gross performance ratings for GE 7F.05 and GE 7HA.02 options are based on data requested from GE
at performance points across a range ofambient conditions and adjusted for differences between these conditions.
All performance ratings shown are based on natural gas operation. Minimum load is definedas the minimum
emissions compliantload (MECL), as reflected in the OEM ratings. Appendix A includes full load and minimum
load performance estimates atthe conditions identifiedin Table 30 above.

BMCD adjusted these performance results for auxiliaryloads, system losses, and performance degradation. Heat
rates are calculated for higher heating value (HHV). The power plantperformance begins to degrade once the
facility begins to operate. Some ofthe degradation is notrecoverable, however, mostofthe performance lossis
recovered after majorequipmentoverhauls. The plantperformance degradation percentages used to calculate
degraded outputand heatrate from new and clean percentages are shown in Table 31. These degradation
adjustments are indicative ofaverage degradation between overhauls, based on BMCD experience on past
projects. The same adjustmentvalues were also assumed forthe 2016 DCR.

The degraded netplantcapacityand degraded netplantheatrates at the ICAP ambientconditions (90°F and 70%
relative humidity) foreach Load Zone are shown in Table 32 and Table 33, respectively. Performance for all
ambientconditionsis provided in AppendixA. Average degraded netplantcapacities are usedthroughoutthe
economic analysis as described in Sections Il and IV. The use of the average degraded netplantcapacityis used
to reflect expected operations over the life of the plant.

Table 31: Average Plant Performance Degradation over Economic Life

Plant Average Degradation | Average Degradation
of Net Output of Net Heat Rate
3x0 Siemens SGT-AB65 2.5% 0.8%
1x0 GE 7F.05 3% 1.8%
1x0 GE 7HA.02 3% 1.8%




Table 32: Average Degraded Net Plant Capacity ICAP (MW)

Natural Gas (MW) C -Central | F - Capital Dut(c:,h-ess Roc(I;(I-an 4 | 9-NYC Kls-lla;(r)ngg

Simple Cycle Peaking Plant Technologies

3x0 Siemens SGT-A65 159 159 159 159 159 159

1x0 GE 7F.05 207 208 209 209 210 210

1x0 GE 7HA.02 (with SCR) 344 346 347 347 349 349

1x0 GE 7HA.02 (without SCR) 327 329 330 - - -

Informational Combined Cycle Plant

1x1 GE 7HA.02 (with SCR) 495 499 501 501 502 503
Table 33: Average Degraded Net Plant Heat Rate ICAP (Btu/kWh)

Natural Gas (Btu/kWh) C-Central | F-Capital | o & | o - | J-nvc | K tond

Simple Cycle Peaking Plant Technologies

3x0 Siemens SGT-A65 9,730 9,730 9,730 9,730 9,720 9,720

1x0 GE 7F.05 10,360 10,360 10,360 10,360 10,360 10,360

1x0 GE 7HA.02 (with SCR) 9,460 9,460 9,460 9,460 9,460 9,460

1x0 GE 7HA.02 (without SCR) 9,490 9,500 9,490 - - -

Informational Combined Cycle Plant

1x1 GE 7HA.02 (with SCR) 6,410 6,400 6,400 6,400 6,410 6,410




Table 34: BESS Net Power at POI

NetPower (MW) | .ot Call:)ital (Dut(c;hess) (Roc(I;(Ia nd) | J-NYC Q=
Energy Storage
BESS 4-hour 200 200 200 200 200 200
BESS 6-hour 200 200 200 200 200 200
BESS 8-hour 200 200 200 200 200 200

For the fossil fuel units, EFORd is defined as “a measure ofthe probabilitythata generating unitwill notbe
available due to forced outages orforced deratings when there is demand on the unitto generate.”® The North
American Electric Reliability Corporation’s (NERC) Generating AvailabilityData System (GADS) continuously
collects availability/reliability data from more than 7,700 power plants in the US and Canada. The datais organized
by planttype, size ranges and plantage ranges.BMCD included EFORd data extracted from NERC GADS based
on the performance since 2012 for units thatare no more than 10 years old.

Based on capacitymarketrules for energy storage resources, capacityderating factors for battery units will be
calculated basedon the Upper Operating Limit (UOL) metric, which depends on both forced outages and average
state of charge.® The study assumes thatthe BESS units are NYISO-managed, which means thatthe unitis
considered to have its full UOL even when drained ofenergy. Based on OEM data on the expected forced outage
rates for new battery installations, a 3% outage rate is assumed for all of the BESS units.

The original equipmentmanufacturers provided start-up times and startup curves that were used to calculate the
start-up fuel consumption. The start-up data is included in AppendixA. For the simplecycle frame combustion
turbines, both conventional start- up and faststart- up informationis provided. The GE 7HA.02 unitcan achieve
full outputin 10 minutes. The GE 7F.05 unit can achieve approximately200 MW in 10 minutes, butfull load takes
another 1-4 minutes. For the informational combined cycle plants the start-up datais for hot, cold, and warm starts.

lll. Gross Cost of New Entry

Gross CONE encompasses all costs associatedwith plantconstruction and operations aside from those arising
from providing energyand ancillaryservices, which are addressed in Section IV. Gross CONE includes the
recovery of capital costs, including a return oninvestment. The annualized costassociated with a capital
investmentreflects the financial parameters described in Section Ill.A that capture the investor’s costofcapital and
the period over which the return of and return on the upfront capital investmentis assumed to be recovered.
Section lll.B describes the translation ofthese up-front capital costs, along with time-varying tax costs, into a




levelized fixed charge (e.g., an annual carrying charge) that allows full recoveryof the plant's capital costs over the
course ofthe plant's assumed life. Finally, Section lll.C provides estimates ofthe gross CONE, includingthe
levelized fixed charge, fixed O&M expenses, and insurance.

A. Financial Parameters

The developmentofa new supplyresource requires the upfrontinvestmentofnew capital to constructthe facility.
The financial parameters translate these upfronttechnologyand development costs into an annualized value that
is anelementofgross CONE foreach location evaluated. Subtracting the estimated annual netEAS revenues
from this annualized gross CONE values produces the annual reference value (ARV), which is often referred to as
the net CONE value. Thatis, the ARV is equalto the net annual revenue requirementfor each of the peaking plant
technologies. This translation from up-frontto annualized value is reflected in the so-called “levelization” factor.
The parameters thataffect the levelization factor (the “financial parameters”)include:

= The weighted average costofcapital required bythe developer,based on the developer’s required retum
on equity(ROE), its costof debt (COD), and the project’s capital structure, as reflected in the ratio of debt
to equity (D/E ratio);

= The term,in years, over which the projectis assumedto recover its upfrontinvestment, referred to as the
amortization period (AP); and

= Applicable taxrates, which affect the costs ofdifferenttypes of capital.

These elements are notdetermined inisolation. Appropriate values forthese parameters need to reflectthe
interrelationships among them, and as a whole appropriatelyreflectthe financial risks faced bythe developer given
the nature of the project, its technology, and the New York electricity marketand policycontext. While we discuss
eachitem separatelybelow, ultimatelyour selection ofthe parameters making up the assumed WACC and the AP
is based on an evaluation ofhow these parameters, in combination, reflectthe financial risks of project
development.

The selection ofthese financial assumptions should capture industryexpectations of costs, and reflect project-
specificrisks, including developmentrisks and risks to future cash flows fora merchantdeveloper,based on
investor expectations over the life of the project. Many factors can affect investor risks —such as uncertaintyand
variability in fuel prices and demand for capacityand energy; changes in marketinfrastructure (generationand
transmission) overtime; the developmentofenergyand environmental policies with implications forindustry
demand, costs, revenues and the operabilityof the facility; and the pace and nature of technological change.
Further, data that may be available on individual components ofthe WACC and the AP can vary with factors
specificto circumstances, including location, corporate structure, prevailing economic/financial conditions, fuel and
electricity marketexpectations, financial hedges (such as power purchase agreements), and the nature and impact
of currentand potential future marketand regulatoryfactors.

Ultimately, the recommended WACC and the AP reflect ourview of the risks associated with the merchant
developmentofa peaking plantin the NYISO marketcontext, and the return required byinvestors to compensate
for thoserisks. AGI's recommendations are based on our professional judgment, reflecting the particular
circumstances of merchantdevelopmentofa peaking plantin the NYISO marketcontext; the sources of
information identified and described below; pastprofessionalexperience, including conversations with developers



and peoplein the finance community; and AGI's view of industryconditions, marketfactors, and relevant state
policy at the time of this study, including pastexperience with merchantdevelopmentin the NYISO markets.

AGI also presents its thoughts on some ofthe key perspectives with respectto developmentapproaches, key
existing and emergingdevelopment, market, and regulatoryrisks thatare needed to interpretavailable data and
information. Finally, AGI presents its recommended assumptions for WACC and AP based on our careful review of
all of these factors from the perspective of potential resourcedevelopersin the New York electricity market.

1. Amortization Period

The AP is the term over which the projectdeveloper expects to recover upfrontcapital costs, including the return
on investment. In the context of the DCR model, itis the period of time (in years) over which the discounted cash
flow from net EAS revenue streams (netofannual fixed costs) are netted out againstthe upfrontcapital investment
costofthe peaking plant.In this sense, whatis often referred to as the "economiclife" of the assetcan,in
principle, differ materiallyfrom the potential physical or operational life ofthe plant; while the physical life of the
plantreflects the expected length of time the plantwill remain in operation (usuallybefore major overhauls would
be required), the economic life reflects financialconsiderations, particulanyrisks associated with assuming future
revenue streams in lightof marketand technological uncertainties.

The AP mustbalance risks over the full physical life of the plant. On the one hand, plantowners will earn net
revenues over the full physical life of the plant(while incurring costs forcomponentreplacementand maintenance
overhauls overtime).Based on extensive operating experience, an expected physical life of at leastthirty years is
reasonable for a fossil-fueled peaking plant.% On the other hand, manyfactors create risks to future cash flows.
These include changes in markets, technologies, regulations, policies, and underlying demand from consumers.
To the extent that any of these changes lead to along-term outlook for revenues thatis less than assumedin the
currentanalysis or captured in annual updates, investors would tend to underrecover total costs. To accountfor
theserisks,investors mayseek a shorter AP.

In lightof these factors, the 2016 DCR recommended an AP of 20 years for a fossil peaking plant, reflecting the
balance ofrisks and uncertaintyfaced by projectdevelopers.3 However, we modifythis recommendation for fossil
peaking plants in lightofrecent policy developmentin the State of New York. Specifically,in 2019 the New York
enacted the Climate Leadership and Community Protection Act (CLCPA), which requires thatallload in New York
be supplied byzero-emissions resources as 0f2040.% In effect, the CLCPA prohibits the operation ofa peaking
plantin New York burning fossil fuels after2039. In principle, the owner ofa fossil generating facilityconstructed
now could implement plantmodifications thatwould allow the plantto continue to operate, for example, by using a
zero-carbon fuel (e.g., hydrogen) or the acquisition of zero-carbon “drop in” fuels thatcould be used in place of the
currentfossil fuels. While we recognize this maybe possible, the technologyand/or markets to accomplish this




and continue to operate in compliance with the CLCPAbeyond 2039 cannotbe assumed to existat this time. Thus
the developer ofa fossil peaking plantwould face substantial uncertaintyaboutthe financial returns of a fossil
peaking plantunderthe CLCPAstarting in 2040, given the uncertain availabilityand costof zero-emission
technologies, markets, and alternative fuels.

To evaluate amortization periods for fossil peaking plants under the CLCPA, we estimate the number of years over
which lenders and investors would seek to recover theirinvestmentgiven the economicallyviable fossil peaking
technologies considered. We do notassume upgrades, modifications or other future design changes that could
potentiallyfacilitate continued operation as a zero-emission resource beginning in 2040. This time period will vary
depending on when the peaking plantcommences operations. Forexample, the developer ofa fossil-fueled
peaking plantthatbegins operation atthe start of the first Capability Year encompassed bythis DCR (i.e.,
commencing operationon May 1, 2021) should notexpectan operating life exceeding approximately 18.7 years
(i.e., the time between May 1, 2021 and December 31, 2039) without plantretrofits to remain compliantwith the
CLCPA's zero-emission requirementbeginning in 2040. Similarly, a new plant commencing operations ata later
pointin time would expectto operate for a shorter economiclife. Table 35 shows the economic life a fossil
peaking could reasonablyassume depending on the Capability Year encompassed bythis DCR in which the plant
commences operations.

Given these factors, AGlI recommends an AP of 17 years for fossil-fueled peaking plantoptions in all locations
evaluated. This is an appropriate assumption given the balance ofrisks and uncertaintyfaced by project
developers in New York markets. As shown in Table 35, 17 years represents the average economic operating life
of a fossil peaking plantoverthe upcoming four-year period covered by this DCR.

An amortization period of 17 years strikes a reasonable balance between manyconsiderations, including the
general regulatoryand technological risk faced by investors in fossil fuel resources within New York, the specific
operational limits posed bythe CLCPA regarding fossil fuel use for electricitygeneration beginningin 2040, and
the uncertaintythat exists at this time regarding the availabilityand costof conversion technologies and/or fuels
that may or maynot be available to extend a plant’'s economiclife beyond 2039.

Table 35: Potential Economic Operating Life of Fossil Plants

Average Operating Life

Potential Operating Life of Fossil Plant over
Capability Year of Fossil Plant 4 Capability Years
2021-2022 18.7 Years
2022-2023 17.7 Years
17 Years
2023-2024 16.7 Years
2024-2025 15.7 Years




The amortization period for battery storage plants face a differentsetof considerations than fossil peaking plants.
Unlike fossil plants, battery storage plants do notface the same regulatoryconstrainton future operations. On the
otherhand, there is simplyno currentexperience with battery storage operatingfor more than 10 years. Thus,
battery storage operation generally, and specificallyin the New York context, faces a wide range ofuncertainties
related to the expected economic and physical lifetime of new battery units. These uncertaintiesinclude the
potential for cell degradation, wear and tear on balance-of-system components, uncertain marketdispatch
outcomes, and potential variations in operational modes and uses in system operations. Further,because battery
storage is still an early-stage technologylikelyto experience furtherimprovements in operational performance,
particularlycycling energy losses, the first wave of battery storage plants to operate in New York maybe less
competitive than battery units that enterthe marketat a later date with more advanced technologies. This reduced
competitiveness maytranslate into lower netrevenues, particularlytoward the end of the amortization period.
These technologyeffects are more significantfor battery technologies, given their early state of technological
development, compared to fossil peaking technologies.

As discussed in Section |, we partly address some ofthe uncertainties associated with future battery operations
by analyzing battery storage plants in which the augmentation costs to counter battery cell degradation overan
extended timeframe are captured in batteryvariable O&M costs, rather than in up-frontcapital costs. However, we
recognize that given the relative newness of battery storage technologies in power system operations, and the
uncertaintyassociated with both storage facilitylongevity and marketrevenues, lenders and investors would likely
seekto recover costs on an expedited timeframe relative to existing power system technologies with long-standing
operational experience. Considering these factors, we assume an AP for battery storage technologies of 15 years,
slightlyshorterthan thatassumed for fossil peaking planttechnologyoptions.

2. Weighted Average Cost of Capital

The costof capital for a new peaking plantwill reflectthe proportion of each source of capital in the project's
capital structure —that is, the ratio of debtto equity — and the “cost’ of different sources of capital — that is, the
required return on equity and the costof debt. These costs, inturn, reflectthe project’s capital structure, because
this structure affects the likelihood thatdebtwill be paid and equity will receive returns (in excess of projectcosts).
Thus, the return on equity, costof debt and capital structure are inter-related.

The appropriate WACC for use in the DCR needs to reflectthe project-specific risks associated with the
developmentofanew peaking plantby a merchantdeveloperwithinthe NYCAin the timeframe ofinterestin this
DCR (i.e., 2021-2025) under conditions of a need for new capacity as required bythe tariff-prescribed level of
excess conditions assumed for purposes ofthe DCR. However, data are not available to directly observe the
WACC for such a project. As a result, AGI developed its recommended WACC based on data from a number of
differentsources.

= Metrics from publicly traded companies. AGI considered financial metrics from publiclytraded
companies with largely (if notexclusively) unregulated power generation assets —thatis, independent
power producers (IPPs). Many IPPs are nolonger publiclytraded after a series of purchases byprivate



firms.38Data on these companies before their purchaseinclude various data or analytic measures of
COD, ROE and D/E ratios based on publiclyavailable reportdata. While such data is notcurrent, it
provides insightinto the costof capital in recentyears. AGl's assessmentconsiders this data, with an
understanding that project-level and company-level WACC values will differ when specific projects are
more or less riskythan the companyas awhole.®

= Independent assessments. AGI considered a variety of independentassessments, including: estimated
WACC for publiclytraded companies developedbyfinancial analysts (e.g., in the context of so-called
“fairness opinions”); and assessments ofthe costs of merchantplantdevelopment. These independent
assessments include information on the WACC under differentcorporate structures, including so-called
“projectfinance,” in which the projectis financed as a stand-alone entitywithoutrecourse to acompany's
balance sheet.

AGI's recommendations are based on its professional judgment, reflecting the information and data identified
below; pastprofessional experience, including conversations with developers and people in the finance
community; and an appropriate balancing ofthese various sources ofinformation and experiences considering the
marketrisks faced bya new merchant peaking plantbeing developed within the NYISO markets.

In evaluating this data, AGI views the appropriate WACC for a new peaking plantas being informedbyboth the
WACCs typical of established IPPs and the WACCs that are more representative of stand-alone project-financed
developments. As noted above, the appropriate costof capital for a specific projectshould reflectthe particular
risks faced by that project, not the risks associated with the companyorinvestors thatare considering the
developmentofthat project.“° The WACC for a new merchant project mayexceed that of publicly-traded IPP
companies because these companies tend to have portfolios ofassets thatbalance and mitigate risks, and thus
lower the overall WACC at the companylevel. These portfolios include various financial assets, including financial
hedges and long-term contracts, as well as portfolios of physical assets spanning varied geographies (including
regions with differentload profiles), technologies, fuels and vintages. But, publiclyavailable information on
financing arrangements for a stand-alone projectfinance approach developed bya privately-held entity (or within a
publicly-traded IPP)is limited. Moreover, irres pective of the approach actually pursued to develop the project, both
sources ofinformation on capital costs can inform choices aboutthe appropriate WACC for a peaking plant,
recognizing the differences in capital structure thatmayapplyto the different financing approaches.*'

38

Riverstone HoldingsLLC acquired Talen Energy in December2016. See Munawar, Adnan, “Riverstone completes $5.2B acquisition
of Talen Energy,” S&P Global Market Intelligence, December 6, 2016, https://www.spglobal.com/marketintelligence/en/news-
insights/trending/5183c2giwe8eid5el82gva2; Energy Capital Partnerspurchased Calpine inMarch 2018. See Energy Capital Partners,
“Consortium Led by Energy Capital Partners Completes Acquisition of Calpine Corporation; AnnouncesManagementRolesand Board
of Directors,” March 8, 2018, https://www.ecpartners.com/news/consortium-led-by-energy-capital-partners-completes-acquisition-of-
calpine-corporation-announces-management-roles-and-board-of-directors. Vistra Energy acquired Dynegy in April2018. See Vistra
Energy, “Vistra Energy CompletesMergerwith Dynegy,” April 9, 2018, https://investor.vistraenergy.com/investor-rel ations/news/press-
release-details/2018/Vistra-Energy-Completes-Merger-with-Dyneqy/default.aspx.

*“The company cost of capital isnot the correct discountrate if the new projectismore orlessrisky than the firm’sexisting business.
Each project should inprinciple be evaluated atitsown opportunity cost of capital.” Brealey, Richard, Steward Myers, and Franklin
Allen, Principles of Corporate Finance, Ninth Edition, New York: McGraw-Hill/lrwin, 2008, p. 239.

“ Asnoted in one text, “Itisclearly silly to suggest that [a company]should demand the same rate of return from a very safe project as
from a very risky one.” Brealey, Richard, Steward Myers, and Frankliin Allen, Principles of Corporate Finance, Ninth Edition, New York:
McGraw-Hill/lrwin, 2008, p. 240.

*! Different sourcesof information on the cost of capital may capture differencesin riskposed by different financial instruments,
particularly in light of the non-recourse nature of project finance debt structures, if that approach ispursued.
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Below, AGI evaluates the individual financial parameters thatbear on the recommended WACC, recognizing the
interrelationships among these parameters in determining the WACC. Our recommendations reflect considerations
of the impactofthe COVID-19 pandemicon financial markets in the nearterm, while also recognizing the forward-
looking four-year period covered by this DCR (i.e., 2021-2025). While COVID-19 initiallycaused substantial
turmoil in capital markets, marketconditions have stabilized sufficientlyto develop reasonable estimates ofthe
costof debt and return on equity for this forward-looking period.

Cost of Debt

The costof debtreflects a projectdeveloper’s abilityto raise funds on debtmarkets. Figure 5 reports the costof
debtissued from January 1, 2017 to presentfor four power companies with meaningful ownership of merchant
units: Calpine Corporation, NRG Energy Inc., Talen Energy Supply LLC, and Vistra Energy Corp. Further detail on
these debtissuances are provided in AppendixB.

Coupon rates since 2017 largelyrange from approximately4% to 8%, although some issuances have required
high rates,above 10% in one case. All four companies listed above have issued below-investmentgrade debtin
2019: Calpine issued debtrated Band BB, NRGand Vistraboth issued debtrated BB and BBB-, and Talen’s
issuances are rated B+. In 2019, debtissues byIPPs has ranged from 4.5% to 7.3%.

AGI also considered data on the generic costofcorporate debt. Figure 6 provides the generic corporate COD for
companies with BB and B creditratings. The figure shows that COD for below-investmentgrade issues had
generallydecreased prior to the COVID-19 outbreak, with rates falling below 6%. At the beginning ofthe outbreak,
the COD for BB and B genericdebtrose significantly, as high as 12.39% for B-rated debt (on March 23, 2020).
But, in the ensuing months, rates for below-investmentgrade debthave graduallydeclined, closerto levels
observed priorto the COVID-19 pandemic. Forexample, forthe four weeks of June 8, 2020 - July 3, 2020, the
average rate for B-rated genericdebtwas 6.61%.

Based on these factors, AGlI recommends a COD of 6.7%. This recommendation reflects a number of factors,
including: B rated debt; currentas well as pre-COVID-19 debtrates, in recognition of the need to capture
immediate marketconditions as well as longer-run market trends; differences between COD to IPPs relative to
genericdebtindices; and other market conditions.
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Figure 5: Cost of B and BB Rated Debt for Independent Power Producers, by Issuance,2017-2020
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Figure 6: Generic Corporate Bond Yields, by Credit Grade
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[1] St. LouisFederal Reserve Bankof St. Louis, FRED, ICE BofA BB US High Yield Effective Yield Index (BAMLHOA1THYBBEY); St.
LouisFederal Reserve Bankof St. Louis, FRED, ICE BofA Single-B US High Yield Effective Yield Index (BAMLHOA2HYBEY).

Return on Equity

The recommended ROE is developed using data from several sources. One source ofdatais the estimated return
on equityfor publiclytraded IPPs. In the 2016 DCR, AGI evaluated the costof equity for four companies, Calpine,
NRG Energy, Dynegy and Talen Energy, finding the average costof equityto be 10.47% and 11.05% based on
Bloomberg and Value Line data, respectively. Since thattime, Calpine, Dynegyand Talen were acquired by
private corporations#?, which do notpubliclyreporttheirfinances. Table 36 reports the estimated ROE for NRG
Energy and Vistra Energy based on the capital asset pricing model (CAPM).*34* Appendix B provides further
details on these calculations. Companybetas are obtained from Value Line and Bloomberg. With Value Line
betas, estimated ROEs are 7.75% for Vistra and 10.51% for NRG, with an average of 9.13%. With Bloomberg
betas, estimatedROEs are 6.57% for Vistra to 9.01% for NRG, with an average of 7.79%. While both NRG and

*“ Vistra Energy, which acquired Dynegy in 2018, ispublically traded. We reviewed Vistra’sfinancial profile aspart of ouranalysis.

* Otherapproachesnot used include the Discounted Cash Flow (DCF) and historical riskpremium. Similarly, AGI notesthat utility
regulatorsmay considera variety of information and models (including CAPM, DCF, or historical riskpremiums) when setting the ROE
forregulated utilities. Therefore, AGI did not consider a comparison of CAPM estimates of ROEsfor regulated utilitieswhen estimating
the relevant ROE fora merchant power plantdeveloper. Thisisconsistent with the assumption that the rate of return for a safer project
thisregulated cost recovery isnot the same as the return forariskier project that doesnot benefit from guaranteed cost recovery.

*“ We evaluated publicly traded companiesoperating in electricity markets to identify companieswith sufficient activity in merchant
power supply to provide useful informationon the return on equity for IPPs. Ourassessment identified only two companies, NRG
Energy and Vistra.
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Vistra have substantial merchantgeneration holdings, they also have substantial holdings in other regulated and
unregulated businesses in the electric power sector, including generation facilities operated under long-term
contracts and competitive retail supplyoperations.*® As these companies’business activities extend outside of
merchantpower generation and theirgeneration assetholdings reflecta portfolio ofassets with various vintages
(and contract structures), their return on equity are not necessarilycomparable to the required return on equity for
a new peaking plantprojectin New York.

A second source ofdata is independentestimates ofthe ROE for new power plants developed in other, but
related, contexts. Net CONE studies in neighboring markets provide a benchmark for comparison. PJM and ISO-
NE have used ROEs ranging from 12.8% to 13.8% in recentnet CONE studies.* These values reflectdifferent
methodologies and data sources.

A third source ofdata considered is estimates ofthe ROE for stand-alone projectfinance developments. Based on
several independentsources, ROEs for stand-alone projectfinance developments have ranged from
approximatelythe low teens to as high as 20%.4"

In general,new investmentin a peaking plantin New York faces a mixof marketand regulatoryrisks thatcould
increase ordecrease future returns. Future policyand regulatorychanges mayaffect marketconditions, including
changes inloads (which mayincrease or decrease overtime) and the mix of resources given legislative changes
and energy and environmental policies, such as the CLCPA, and regulations such as the NYDEC peakerrule.
Market outcomes mayalso changedue to modifications to NYISO marketrules overtime, such as initiatives
targeting potential ancillaryservice enhancements. Ourassessmentaccounts forthese various considerations,
along with the general risks facing new merchantinvestment.

Finally, we considered the consequences ofthe COVID-19 pandemic when developing arecommended ROE.
Many factors were considered when accounting for COVID-19, including the reduction in risk-free return on equity
due to stimulus from the U.S. Federal Reserve (and low risk-free rates, prior to the pandemic), increases in the
risk-premium due to elevated marketrisks and uncertainties as a consequence ofthe pandemic, and the likely
duration ofthese effects given the requirementto determine a forward-looking ROE for the timeframe ofinterestin
this DCR (i.e., 2021-2025). Inlightof these factors, we make no explicit adjustmentforthe COVID-19 pandemic.




Based on this information, AGl recommends a ROE of 13.0%, reflecting a balance between the lower IPP values
(whichrange up to 10.51%)and higher projectfinance values. The recommended ROE is near the bottom ofthe
range of WACC values from the previous net CONE studiesin PJM and ISO-NE, largelyreflecting the low value of
the risk free rate at this time.

Table 36: Cost of Equity for Publicly Traded IPPs

Value Line Value Line Bloomberg Bloomberg
Corporation Ticker Beta Cost of Equity Beta Cost of Equity
NRG Energy Inc NRG 1.25 10.51% 1.03 9.01%
Vistra Energy VST 0.85 7.75% 0.68 6.57%
Group Average 1.05 9.13% 0.86 7.79%

Debt to Equity Ratio

The choice of capital structure —that is, the ratio of debt to equity — can vary depending on manyfactors,
particularlythe nature of the revenue streams (with certain sure revenue streams supporting higher levels ofdebt),
the structure of the project's managementand financing, and the nature of the capital supporting the investment.
Thus, a merchantpeaking plantprojectcould reasonablybe developed through arange of capital structures.

AGI recommends a D/E ratio of 55% debt to 45% equity given a balance oftradeoffs involved with greater or
lesserleverage. Ourassumption reflects the inter-relation of the capital structure with the costof debtand return
on equity, and differentapproachesto projectdevelopment(e.g., balance sheetand projectfinance), and accounts
for various indirectcosts offinancing (such as financial hedges) implicitlyand notexplicitly. On the one hand, the
capital structure of IPP companies (atthe corporate, not the projectlevel) currently reflect lower levels ofdebt than
have been historicallycarried. Figure 7, which shows the debtshare of capital for Calpine, Dynegy, NRG, and
Vistra over the past3 years, illustrates this effect.“ While corporate level capital structure maynot be directly
informative to an appropriate project-level capital structure, we consider the general trend toward lower leverage,
given low debtcosts (priorto the COVID-19 outbreak), in ourassessment.“® On the other hand, projectfinancing
capital structures can vary, with some projects involving higherlevels of debtthan assumed in ouranalysis. Our
recommendation is more conservative than the capital structure adopted in recentsimilar studies for ISO-NE and
PJM, which assume 60% and 65% debt, res pectively.° Our recommendation also considers the range of values
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developedin other contexts, including recommendations bythe California Energy Commission and National
Energy TechnologyLaboratory.'

Figure 7: Debt to Capital Share, Independent Power Producers,2017-2019
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Source:
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Calculation of the WACC

AGI's assessmentoffactors related to the calculation ofthe WACC has considered the data on the following:
ROE, COD, and D/E ratios presented above; facts and circumstances unique to the NYISO markets, including the
extent of pastexperience with merchantdevelopment; the rapidly-changing nature offederal and state energyand
environmental policies, including passage ofthe CLCPA; and likely project/ownership structures for new peaking
plantdevelopmentin New York. The calculation ofthe before-tax WACC is shown in equation 1.

WACC = Debt Ratio * COD + (1 — Debt Ratio) * ROE 1)

The ATWACC is calculated as shown below in equation 2:

*' California Energy Commission, Estimated Cost of New Utility-Scale Generationin California: 2018 Update, May 2019, Table B-1;
National Energy Technology Laboratory, Cost and Performance Baseline for Fossil Energy PlantsVolume 1: Bituminous Coal and
Natural Gasto Electricity, September 24,2019, p. 558.
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ATWACC = Debt Ratio* COD (1 — composite tax rate) + (1 — Debt Ratio) *x ROE (2)

This calculation reflects the common taxtreatmentof interestas a deductible expense for corporate income tax
purposes. Income taxes reflect Federal tax rates (assumed to be 21%), corporate New York State tax rates
(6.5%),%2and, for Load Zone J, the New York City business corporation taxrate (8.85%).% These resultin
composite income taxrates of 36.35% (NYC) and 27.5% (all otherlocations).>

Using these equations and the considerations presented above, AGI recommends a WACC of 9.54%,basedon a
debtratio of 55%,a COD of 6.70%, and a ROE of 13.00%. This results in a nominal ATWACC of 8.52% in NYCA,
LI, and the G-J Localityand 8.20% in NYC.

The recommended ATWACC is consistentwith previous and currentlyapproved capital costvalues in NYISO and
otherneighboring market (e.g., ISO-NE and PJM) for net CONE evaluations utilized for capacitymarketpurposes.
The current ATWACCs in ISO-NE and PJM are 8.1% and 7.5% (respectively), while the current ATWACC for the
NYISO as approved during the 2016 DCRis 8.46%. The ATWACC proposed for this DCR reflects a combination
of factors. Relative to the other RTOs, developers within New York mayface greater project-specificrisk that
arises from the lack oflong-term contracts, greater uncertaintyover the mix of supplyand demand resources that
will resultfrom changesin regionalmarkets and energypolicies overtime, expectations forrelativelyflat load
growth over the time period encompassedbythis DCR (i.e., 2021-2025), potentiallymore challenging siting and
developmentopportunities within New York, and potential operational and price impacts ofthe state’s move
towards power sector decarbonization over the next two decades. Relative to the 2016 DCR, the slightlyhigher
ATWACC reflects the slightlylower costof debt, the changes in taxlaw, and potential changes in project specific
risks thatreflectuncertainty with respectto future environmental regulations or other marketdevelopments.

B. Levelization Factor

To estimate the ARV, itis necessaryto translate one time installed capital costs into an annualized costover the
assumedeconomiclife ofthe plant. This annualized costis fixed over the plant's economic life, such thatan owner
receiving revenues equal to this costwould have enough funds to offsetexactly the original upfrontinvestment,
including a return on capital. AGI refers to this amountas the levelized fixed charge (e.g., an “annual carrying
charge”). This charge reflects both the recovery of and return on upfront capital costs and the tax payments
associated with this investmentthatvary over time due to depreciation schedules and variation in certain tax levels
over time (i.e., availabilityof a 15-year property tax abatementfor fossil peaking planttechnologies in NYC and for
battery storage optionsin all locations).

The levelization factor is the ratio of the levelized fixed charge to total installed capital costs. This factoris
developedin three steps. First, annual costs are calculated as the sum of principal debtpayments, intereston
debt, income taxrequirements, propertytaxes, and the target cash flow to equity.% Second, the net presentvalue
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tax.page
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of the total carrying costs is levelized over the assumed economiclife ofthe plantusing the real ATWACC. Third,
the levelization factor is calculated as the ratio of the levelized fixed charge to the total installed capital cost.

Annualized costs, including the required ROE, are expressed in constantreal 2021 dollars. Capital costs were
estimated byBMCD as of Q1 2020, so were escalated to reflectcosts as of Q2 2021, when the 2021-2022
Capability Year (which runs from May 1, 2021 - April 30, 2022) begins. The difference between Q22021 and Q1
2020is 5 quarters,or 15 months, so the costescalation factor applied to the Q1 2020 capital costs reflectcost
escalation as ofthe last 15 months ofavailable data. Table 37 shows the details ofthe escalation rates used for
each capital costcomponent.

Table 37: Capital Cost Escalation Rates

Escalation Rate

Starting Time Period Ending Time Period Formula to Escalation Rate to
Data Release used Used for Escalation Starting Index Used for Escalation Ending Index Convert $Q1 2020 Convert $Q1 2020 to
Price Index as of June 23, 2020 Factors Value Factors Value to $Q2 2021 $Q2 2021

[A] [B] [c]
GDP Price Index Q1 2020 (prelim) Q12019 111.424 Q2 2020 112.803 [BI[A]-1 1.24%
PPI: Turbines and Generators  April 2020 (prelim) Nov '18-Jan '19 Avg 228.0 Feb '20-Apr '20 Avg 238.6 [BI/[A]-1 4.65%
PPI: Storage Batteries April 2020 (prelim) Nov '18-Jan '19 Avg 205.8 Feb '20-Apr 20 Avg 205.1 [BI/[A]-1 -0.37%
PPI: Materials and " . , \ . . o
Components for Construction April 2020 (prelim) Nov '18-Jan '19 Avg 249.8 Feb '20-Apr '20 Avg 253.2 [BY/[A]-1 1.35%
QCEW: Utility Construction 516 Ay al (orelim) 2017 Annual $101,108 2019 Annual $107,768  (IBIA]N5/8)-1 4.07%

Wages (New York)

The analysis assumes forward-looking inflationof2.1% annuallyin both capital costs and net EAS revenues. This
inflation rate reflects the combined effect of manyfactors likely to affect future operational costs and netEAS
revenues. The recommended value is consistentwith the current long-term inflation forecasts from the Survey of
Professional Forecasters as reported bythe Philadelphia Federal Reserve Bankin Q1 2020,% as well as long-term
inflation in electricity prices as reported bythe EIA Annual Energy Outlook.%”

Table 38 provides a summaryof all financial parameters used in each location, including financing costs, tax rates,
depreciation schedules, and the assumedamortization period. Propertytax rates were discussed in Section Il.
Annual depreciation schedules are provided in Table 39. Depreciation schedules are based on the Federal Internal
Revenue Service (IRS) Publication 946 and follow the half-year convention. Fossil peaking plantoptions are

Income Tax = * (Cash Flow to Equity + Principal Debt Payments — Depreciation)

t
(1-v

https://www.phil.frb.org/research-and-data/real-time-center/survey-of-professional-forecasters/’2020/survq120
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depreciated with a 15-year schedule;the informational combined cycle plants are depreciatedwith a 20-year
schedule; and batterystorage plants are depreciated with a 7-year schedule.%®

Table 38: Summary of Financial Parameters by Location

Finance Category NYCA G-J NYC LI
Inflation Factor (%) 2.10% 2.10% 2.10% 2.10%
Debt Fraction (%) 55.00% 55.00% 55.00% 55.00%
Debt Rate (%)
Nominal 6.70% 6.70% 6.70% 6.70%
Real 4.51% 4.51% 4.51% 4.51%
Equity Rate (%)
Nominal 13.00% 13.00% 13.00% 13.00%
Real 10.68% 10.68% 10.68% 10.68%
Composite Tax Rate (%) 27.50% 27.50% 36.35% 27.50%
Federal Tax Rate 21% 21% 21% 21%
State Tax Rate 6.50% 6.50% 6.50% 6.50%
City Tax Rate 0.00% 0.00% 8.85% 0.00%
WACC Nominal (%) 9.54% 9.54% 9.54% 9.54%
ATWACC Nominal (%) 8.52% 8.52% 8.20% 8.52%
ATWACC Real (%) 6.29% 6.29% 5.97% 6.29%

Amortization Period (Years)

17-Year Fossil Unit;
15-Year Battery Unit

17-Year Fossil Unit;
15-Year Battery Unit

17-Year Fossil Unit;
15-Year Battery Unit

17-Year Fossil Unit;
15-Year Battery Unit

Levelized Fixed Charge (%)

12.47% CC Unit;

11.71% Battery Unit

12.47% CC Unit;
11.71% Battery Unit

17.44% CC Unit;
11.99% Battery Unit

7-Year MACRS 7-Year MACRS 7-Year MACRS 7-Year MACRS
L Battery); Battery); Battery); Battery);
Tex Depreciation Schedule 15-\((ear MrK)CRS 15-\((ear MX\)CRS 15-\((ear MrK)CRS 15-\((ear MX\)CRS
(Simple Cycle) (Simple Cycle) (Simple Cycle) (Simple Cycle)
Fixed Property Tax Rate (%) 0.5% with 15-Year 0.5% with 15-Year 4.7% with 15-Year 0.5% with 15-Year
Abatement for Battery | Abatement for Battery Abatement Abatement for Battery
Insurance Rate (%) 0.60% 0.60% 0.60% 0.60%
12.04% CT Unit; 12.04% CT Unit; 12.40% CT Unit; 12.04% CT Unit;

12.47% CC Unit;
11.71% Battery Unit

https://www.nrel.gov/docs/fy18osti/70384.pdf
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Table 39: Modified Accelerated Cost Recovery Tax Depreciation Schedules

Tax Depreciation
7 Year 20 Year
(Battery) 15 Year (Combined
Year (Simple Cycle) Cycle)
1 14.29% 5.00% 3.75%
2 24 49% 9.50% 7.22%
3 17.49% 8.55% 6.68%
4 12.49% 7.70% 6.18%
5 8.93% 6.93% 5.71%
6 8.92% 6.23% 5.29%
7 8.93% 5.90% 4.89%
8 4.46% 5.90% 4.52%
9 0.00% 5.91% 4.46%
10 0.00% 5.90% 4.46%
11 0.00% 5.91% 4.46%
12 0.00% 5.90% 4.46%
13 0.00% 5.91% 4.46%
14 0.00% 5.90% 4.46%
15 0.00% 5.91% 4.46%
16 0.00% 2.95% 4.46%
17 0.00% 0.00% 4.46%
18 0.00% 0.00% 4.46%
19 0.00% 0.00% 4.46%
20 0.00% 0.00% 4.46%
21 0.00% 0.00% 2.23%




C. Annualized Gross Costs

Using the levelization factor developed above and the capital and fixed O&M costs presented in Section Il, Table
40 and Table 41 provides annualized gross CONE values for each peaking plantwithin each location.

Table 40: Gross CONE by Peaking Plant Technology and Load Zone ($2021/kW-Year)

G - Hudson | G - Hudson J-New Yorkl K- Lon
Peaking Plant Technology C -Central | F - Capital Valley Valley Cit Islandg
(Dutchess) | (Rockland) y
Dual Fuel with SCR
Fixed O&M $11.57 $12.01 $13.43 $13.43 $29.56 $14.63
Insurance $5.39 $5.45 $5.55 $5.88 $6.69 $6.60
Levelized Fixed Charge $162.87 $163.99 $166.16 $173.73 $231.83 $184.22
Gross CONE $179.84 $181.44 $185.15 $193.04 $268.08 $205.46
Gas only with SCR
Fixed O&M $11.57 $12.01 $13.43 $13.43 - -
Insurance $4.89 $4.95 $5.05 $5.38 - -
GE7F.05 | evelized Fixed Charge $146.63 $147.84 $150.08 $157.65 - -
Gross CONE $163.09 $164.79 $168.56 $176.46 - -
Gas only without SCR
Fixed O&M $11.57 $12.01 $13.43 - - -
Insurance $4.27 $4.34 $4.45 - - -
Levelized Fixed Charge $132.71 $133.98 $136.28 - - -
Gross CONE $148.55 $150.32 $154.16 - - -
Dual Fuel with SCR
Fixed O&M $8.17 $8.43 $9.28 $9.28 $19.00 $10.00
Insurance $4.48 $4.51 $4.58 $4.76 $5.35 $5.30
Levelized Fixed Charge $130.10 $130.63 $131.91 $136.21 $172.65 $144.97
1x0 GE Gross CONE $142.76 $143.57 $145.77 $150.25 $197.00 $160.27
THA.02 Gas only with SCR
25ppm Fixed O&M $8.17 $8.43 $9.28 $9.28 - -
Insurance $4.03 $4.06 $4.12 $4.31 - -
Levelized Fixed Charge $115.45 $116.06 $117.40 $121.70 - -
Gross CONE $127.65 $128.54 $130.81 $135.29 - -
Dual Fuel without SCR
Fixed O&M $8.61 $8.87 $9.77 - - -
Insurance $3.90 $3.94 $4.00 - - -
Levelized Fixed Charge $118.51 $119.16 $120.57 - - -
Gross CONE $131.02 $131.97 $134.35 - - -
1x0 GE
7THA.02 Gas only without SCR
15ppm Fixed O&M $8.61 $8.87 $9.77 - - -
Insurance $3.42 $3.46 $3.53 - - -
Levelized Fixed Charge $103.08 $103.82 $105.29 - - -
Gross CONE $115.11 $116.15 $118.59 - - -




Table 41: Gross CONE by Battery Storage Technology and Load Zone ($2021/kW-Year)

G - Hudson | G - Hudson

Peaking Plant Technology C-Central | F - Capital Valley Valley J-NewYork| K-Long

(Dutchess) | (Rockland) 7 Eland
Battery
Fixed O&M $12.10 $12.10 $12.10 $12.10 $23.04 $12.35
4-Hr BESS Insurance $7.59 $7.66 $7.73 $8.03 $8.51 $8.45
Levelized Fixed Charge $181.68 $183.28 $184.79 $191.30 $230.93 $194.68
Gross CONE $201.37 $203.05 $204.63 $211.43 $262.48 $215.49
Battery
Fixed O&M $16.53 $16.53 $16.53 $16.53 $31.20 $16.83
6-Hr BESS Insurance $10.85 $10.96 $11.06 $11.49 $12.17 $12.10
Levelized Fixed Charge $253.29 $255.60 $257.73 $267.12 $313.16 $274.58
Gross CONE $280.67 $283.09 $285.32 $295.14 $356.53 $303.51
Battery
Fixed O&M $21.01 $21.01 $21.01 $21.01 $39.41 $21.37
8-Hr BESS Insurance $14.11 $14.25 $14.38 $14.94 $15.83 $15.74
Levelized Fixed Charge $324.82 $327.86 $330.61 $342.88 $395.33 $354.44

Gross CONE $359.95 $363.13 $366.00 $378.83 $450.57 $391.54




IV. Energy and Ancillary Services Revenues

A. Overview

The Services Tariff requires thatthe periodic review of ICAP Demand Curves be established considering, in part,

= “...the likelyprojected annual Energyand Ancillary Services revenues ofthe peaking plantoverthe
period covered by the adjusted ICAP Demand Curves, netofthe costs of producing such Energyand
Ancillary Services.”®

The costs and revenues are to be determined under conditions thatreflect specified capacitysupplyconditions.
Specifically, the Services Tariff requires that:

= “ _[tlhe costand revenues of the peaking plantused to setthe reference pointand maximum value for
each ICAP Demand Curve shall be determined under conditions in which the available capacityis equal
to the sum of (a) the minimum Installed Capacityrequirementand (b) the peaking plant's capacity...”®

AGI refers to these tariff-s pecified conditions as the “LOE” conditions.

In this Section, we presentthe method used to estimate the net EAS revenues of the peaking plantfor NYCA and
each Locality. Consistentwith the LOE requirement, netEAS revenues are calculated under conditions in which
system resources equal either (1) NYCA Minimum Installed CapacityRequirement (ICR) plus the capacityof the
peaking plantin NYCA, or (2) Locational Minimum Installed CapacityRequirement (LCR) plus the capacityof the
peaking plantin individual Localities.®'

First, AGlI summarizes its approach for estimating net EAS, including a description ofthe net EAS model, the data
inputs, and the approach to adjusting prices to be consistentwith LOE marketconditions. Second, AGI
summarizes the process forannuallyupdating estimated net EAS revenues over the resetperiod. Finally, AGI
presents preliminaryresults ofapplying the net EAS revenues model forthe 2021/2022 Capability Year.

B. Approach to Estimating Net EAS Revenues

1. Overview

For each CapabilityYear, RPs in NYCA and each Locality are based on estimated gross CONE (described in
Section lll, above) less the expected net revenues the peaking plantwould earn in NYISO’s energyand ancillary
services markets. The netrevenues earned from participating in these markets reflectthe prices paid for supplyof
Energy and Ancillary Services net of the fuel and variable costs of production. Because RPs are established to




ensure sufficientrevenues for new entry, estimates ofnet EAS revenues should reflectthe forward-looking
expectation of net revenues under LOE conditions consistentwith the requirements ofthe Services Tariff.

Net EAS revenues are estimated based on the simulated dis patch ofthe peaking plantusingarolling 3-year
historical sample of LBMPs and reserve prices (both adjusted for LOE conditions), coincidentfuel and emission
allowance prices, and data on the non-fuel variable costs and operational characteristics ofthe peaking plant
technology. AGI's approach assumesthatannual average netrevenues earned over the prior three years provide
a reasonable estimate of forward-looking expectations, particularlyin light of the annual updating mechanism,
which ensures thatRPs ewolve (with a lag) consistentwith actual EAS marketoutcomes (as adjusted for LOE
conditions).

AGI's model estimates the netEAS revenues ofthe peaking planton an hourly basis for the historical 3-year
period assumingthatthe resource earns the maximum possible revenues bysupplying energyorreserves in
eitherthe Day-Ahead Market (DAM) or Real-Time Market(RTM). Each year, as partof an annual updating ofthe
ICAP Demand Curves, netEAS revenues will be recalculated using the same model, butwith updated data on
LBMPs, reserve prices, fuel prices, emission allowance prices, and Rate Schedule 1 charges.

2. Net EAS Model Construct

a. Fossil Model Logic

The AGI simulated dispatch model uses a “dispatch logic” functionally consistent with NYISO energy and ancillary
services markets.%? Specifically, the AGI model estimates the net EAS revenues earned by the peaking planton an
hourly basis assuming dispatch ofthe plantand market offers setat the opportunitycostof producing energyor
providing reserves.® In the model, the peaking plantcan earn revenues through supplying in one of four markets:
(1) DAM commitmentforenergy, (2) DAM commitmentforreserves, (3) RTM dispatch forenergy, or (4) RTM
supplyof reserves.In addition, a plantmaintains the abilityto buy out of either DAM energy or reserves
commitments, based on changes in RTMprices. Hourlynet revenues are calculated to ensure thatfixed startup
fuel and other costs are recovered, and dual-fuel capability (if applicable) is accountedfor through the option to
generate on natural gas or ultra-low sulfurdiesel (ULSD) based on a comparison of fuel prices.

Figure 8 and Figure 9 contain schematics ofthe commitment/dispatch logic forthe DAM and RTM, respectively.
The model firstdetermines whether to committhe plantto supplyenergyor reserves in the DAM based on the net
revenues of each position. Similar to DAM commitment, RTM dispatch determines the operating state (supplying
energy, supplying reserves, notsupplying) contingenton the peaking plants DAMcommitment. Thus, the plant
can change operating status from its DAMcommitmentifsuch a switch in operating status is sufficiently profitable
in real-time. Real-timefuel costs reflecta premium for purchases and discountfor sales relative to day-ahead gas
prices. The value of this premium varies byLoad Zone. These intradaypremiums/discounts reflect potential
operating or other opportunitycosts to securing (or notusing) fuel in real-time, which maybe incurred due to
balancing charges with an LDC, illiquidityin the marketduring periods oftightgas supply, or imperfectinformation




on the part of eitherthe buyer or seller.® This additional costis incorporated into RTMbuy outdecisions for all
plants.As illustrated in Figure 9, peaking plants can existin one of nine operating states in each hour, based on
the DAM and RTM choices. These “operating” states include:

=  DAM energycommitment, with RTM energy dispatch

=  DAM energycommitment, with a buy outand a RTM reserves dispatch
= DAM energycommitment, with a buy out and no dispatchinthe RTM

=  DAM reserves commitment, witha RTM reserves dispatch

= DAM reserves commitment, with a buy outand a RTM energy dispatch
= DAM reserves commitment, with a buy outand no dispatch inthe RTM
=  NoDAM commitment, with no dispatch inthe RTM

=  No DAM commitment, with an energydispatch in the RTM

=  NoDAM commitment, with areserves dispatchinthe RTM

In contrast, the net EAS revenues model for the informational combined cycle plants onlyconsider the energy
commitmentand dispatch ofthe plantin both DAM and RTM, including the abilityto buy out of a DAM energy
commitmentinthe RTM. The informational combined cycle plants are assigned a flatannual adder of $3.90/kW-
year as an estimate ofnetancillaryservices revenues, based on settlementdata provided bythe NYISO for
comparable plants.

When evaluating an energy commitmentin eitherthe DAM or RTM, the model ensures thatall costs, including
amortized start-up costs, can be recovered.?® In the DAM, start-up costs forthe Frame combustionturbine can be
recovered over the full runtime block, which is determined dynamicallybased on profitable hours; within the RTM,
Frame combustion turbine plants mustrecover their startup costs overtwo hours. In contrast,in both the DAM and
RTM; aeroderivative plants recover start-up costs over the firsthour of commitment.

Plants are also constrained byapplicable runtime limitations as described in Section I.C. For peaking plants
modeled with SCR emissions control technology, the NSPS limitation for COz is a limiting constrainton hours of
operation. BMCD estimated the maximum annual runtimes for all combustion turbines with SCR emissions control
technologyto be 3,066 hours.BMCD deemed thatthe informational combined cycle plants, which are assumedto
install SCR emissions control technology, would notface runtime limitations. For combustionturbines without SCR
emissions control technology, the limiting constraintis the NSPS requirementfor NOx emissions. Plants without
SCR emission controls in moderate nonattainmentzones are limited to a total of 100 tons/year of NOxemissions.
Operating limits are modeled in the Net EAS Revenue model as constraints on the total amount of combined NOy
emissions allowed each year from either natural gas or ULSD operations. Due to differences in heatrate and




capacity by season, the exact emissions perrun houralso differs byseason. The mass of NOyemissions is
calculated for each profitable run hour, and the total amountofemissions peryearis limited to the NSPS
maximum.®

Similarly,when evaluating a reserves commitmentin eitherthe DAM or RTM, the model assumes thateach
peaking plantbids into non-synchronized reserve markets attheir opportunity costto taking a day-ahead reserve
position. This costcan reflectmanyfactors, including performance (forced outage) risks and costs and risks
associated with securing fuel supplies to fulfill a reserve obligation. Depending on the resource type, these fuel-
related costs canreflectthe costof holding fuel supplies or the expected costof obtaining adequate fuel supplies
in the intraday markets, and risk premiums associated with taking an uncovered reserve position. These costs
differ between gas-onlyunits and dual fuel units, given a dual fuel unit's flexibilityto operate on natural gas or their
alternate fuel, which can mitigate the risk of a day-ahead reserve position. Based on a review of historical bid data
from dual fuel units in Load Zones J and K provided by the MMU, the opportunitycostto taking a day-ahead
reserve position is assumedbythe model at $2.00/MWh for dual fuel units in Load Zones G (Dutchess County), G
(Rockland County), J, and K.%” For gas-onlyunits in Load Zones C and F, the opportunitycostis setto the
intraday premium of buying natural gas during the operating day(see Table 44).

If the generatorreceives a day-ahead reserve position, the costto actually supplyenergyinto the RTM reflects the
marketfuel price plus areal time intraday premium associated with buying natural gas inreal time, which is
discussed in further detail below (see Table 44). Dual fuel plants do notface an opportunity costto provide
reserves when ULSD prices (plus applicable transportation charges) are lower than natural gas prices (plus
applicable charges).®
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Independent Consultant Study to Establish ICAP Demand Curve Parameters

Figure 8: Net EAS Revenues Model Day-Ahead Commitment Logic
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Figure 9: Net EAS Revenues Model Real-Time Supply Logic
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The net EAS revenues model estimates hourlyrevenue streams for the peaking plants basedon prices over the
three-year historical period. Within this hourlymodel, peaking plants are assumed to be fully committed for the
duration ofthe hour. Thatis, the netEAS revenues model for peaking plants does notallow for partial dispatch or
minimum load operations. In contrast, the net EAS revenues estimates for the informationalcombined cycle plants
assume the plantmaybe committed at minimum load between energycommitments, to the extent that this would
be more profitable than incurring an additional startup cost.

Equation 3 provides a simplified representation ofthe net EAS revenues (NEAR) calculation used when
considering energydispatch in each hour, where profits are determined using parameters specific to each Load
Zone and, when applicable, each peakingplant:®

NEAR = LOE-AF * LBMP — HR * P(fuel) —VOM — ASC —EC —RS1 (3)
Where:

LOE — AF = LOE adjustment factors for each Load Zone and time period

LBMP = Hourly LBMPs (either DAM or RTM) for each Load Zone

HR = Heat rate for the applicable peaking plant and Load Zone

P(fuel) = Price of fuel (natural gas or, if applicable, oil), which varies by day and Load Zone,
including relevant transportation costs and real time intraday premium/discount

VOM = Variable operations and maintenance costs

ASC = Amortized startup cost (dynamically determined)

RS1 = NYISO Rate Schedule 1 charge (varies annually, but is constant across Load Zone and
technology)

EC = Emission costs, where costs are a function of both emission rates and allowance prices

for CO2, NOx (annual and seasonal) and SO, (CSPAR and Acid Rain) that is:

EC = (CO2Rate* CO2_Price) + (NOxRate * NOx_Price) + (SO2Rate x SO2_Price)

When estimating total annualnet EAS revenues, the model separatelyconsiders relevantunitparameters for
Summerand Winter CapabilityPeriod months, including each plant's seasonal capacityand heatrate. Total
annual revenues are the sum ofrevenues earned during each hour ofthe year reflecting seasonal ratings, with
energy and reserves revenues derated bythe peaking plant's EFORd.




As a final step, the model calculates the annual average net EAS revenues as the simple average ofall revenues
over the three-year period, plus aflatadder for providing Voltage Support Service (VSS).”

An importantcomponentofthe netEAS revenues model is the abilityof the model to assess plants with either dual
fuel capability (if applicable) or gas onlyoperation. When evaluating fuel commitmentdecisions, the model
compares the applicable fuel costs in each hour. For a dual fuel unit, the peaking plantis assumed to operate on
the mosteconomic fuel for a full runtime block. Plants are notallowed to fuel switch within an individual block.

Notably, the currentmodel does notconsider potential limitationsin gas onlyoperations;all gas plants are
assumedto be able to procure fuel as needed, athistorical prices.” As describedin Section Il, AGI considered
potential limitations in fuel availabilityas partof its qualitative review.

b. Battery Model Logic

Like the fossil model, the AGI simulated dispatch model for battery storage uses a “dispatch logic” thatis
functionallyconsistentwith NYISO energy and ancillaryservices markets.”?Net EAS revenues are earned by the
battery on an hourlybasis inthe RTM and DAM energy and reserve markets. The model’s “dispatch logic”
maximizes netEAS revenues while accountingfor the battery technology’s unique technical properties, including
limited energystorage capacity, the need for a balancing ofenergycharges and discharges, energylosses during
charging, and operational practices thatcan reduce battery degradation. We firstdescribe how the modelaccounts
for these technical characteristics, and then describe the model’s framework for determining participationin the
NYISO markets, which follows three steps: (1) dailyDAM commitments, (2) multi-dayDAM revisions, and (3) daily
RTM dispatch.

Due to the physical energylimitations of a battery, the model determines charge and discharge ofthe battery
simultaneouslyin hour-pairs. Each hour-pairincludes an hourin which the battery purchases energy (to charge the
battery) and an hourin which it supplies energy (through discharge ofthe battery). This logicensures there is
always a balance between energyinflows and outflows. The model also limits the range of stored energyto
between zero and the battery's maximum storage capacity.

For each hour-pair, the model accounts for energylosses when charging and assumes the full charge ordischarge
of the battery's capacity. However, because of charging losses, more time is required for a full charge ofthe
battery than is required for a full discharge; thus, to maintain the energybalance ofinflows and outflows of power,
additional charging time is requiredfor any given level of stored energy.




Along with consuming and supplying energy, the battery can supplyreserves. The battery is assumed to be
eligible to provide 10-minute spinning reserves when ithas no DAM or RTM energydischarge position buthas at
leastone hour capabilityof stored energyoris charging. The battery can supplyreserves ateitherits full capacity
or the amountofenergythat remains stored, whicheveris smaller. When the battery is charging, the model
assumesitcan supplyreserves ateitherits full capacity or the amountofenergy that remains stored plus the
amountofpower scheduled to be withdrawn from the grid for charging purposes.

When the battery is notcharging ordischarging, a targetstorage level of 50% of the battery’'s capacity is assumed.
For example, a 4-hour battery would maintain a targetlevel of 2 hours of charge between charge and discharge.

The dispatch logicfor battery storage is splitinto three steps: (1) dailyDAM commitments, (2) multi-dayDAM
revisions, and (3) dailyRTM dispatch. Figure 10, Figure 11, and Figure 13 illustrate how the model is solved for
two illustrative days in the three steps. The left axis (and lines)show the LBMPs and reserve prices determinedby
the NYISO markets in each hour. The rightaxis (and bars) shows the batteryenergy transactions determined by
the model; positive values representMW discharged onto the grid while negative values represent MW withdrawn
from the grid for charging. Withdrawal MW should notbe mistaken for actual inflows into the battery, as in these
cases the battery only received 85% of the energy withdrawn because of charging inefficiencies.

The first step determines the dailyDAM positions. The model determines whether to commita setof hour-pairs to
charge and discharge energyin the DAM based on maximizing netrevenues in the energyand reserve markets
for a cycle-day.” For each cycle-day, the model generates every feasible day-ahead position hour-pair given the
currentposition ofthe battery storage resource. It then ranks the profitabilityof adding each setofhour-pair
positionsto the currentposition. If adding the hour-pairto the battery's position increases profitabilityrelative to
doing nothing, the model will do so and repeat this process. The model will also add hour-pairs to its positionin
orderto hit the target level of energy for the battery (i.e., 50% of the battery's capacity), even whenit does not
increase revenues.

This step outputs a full cycle-day of DAM positions, an example ofwhich can be seen for two days in Figure 10.
Three hour-pairs are committed on the first DAM day and four hour-pairs are committed on second DAMmarket
day, as depicted by the green energy dischargebars above the y-axis and corresponding charging hours below
the y-axis. The battery resource provides reserves wheneverithas energystored oris charging. In each case,
the model cannotfeasiblyposition another hour-pair thatwould drive greater profits than the determined setof
positions.
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Figure 10: AGI Battery Model Step 1 Example: Zone G (Rockland), December 14-15,2016,4 Hour Battery
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The second step considers whether netrevenues are maximized byemptying the battery each day or maintaining
stored energybetween cycle-days. The model determines the multi-daybehavior of the battery by comparing net
EAS revenues ofthese two differentoptions.”™

The outcomes ofthis second step canbe seenin Figure 11. Here, the model determined itwas more profitable to
enterthe day of 12/15 with energy stored, and thus it eliminated two discharge hours on 12/14 and charging hours
on 12/15.The model similarlycompares 12/13 and 12/14 as well as 12/15and 12/16.

™ The model calculatesnet EAS revenuesof maintain energy levelsacross days by adjoining adjacent cycle-days. For each pair of
days, the model createsa new set of DAM commitmentsby eliminating the appropriate number of discharge hourson cycle-day 1 and
charge hourson cycle-day 2 in orderto maintain the target energy level (i.e., 50% of the battery’scapacity) between both days. Net EAS
revenuesare recalculated based off the new energy levelsacross both cycle-days. If net EAS revenuesare higherwith the new set of
DAM commitments, then the revised commitmentsare implemented by the model. Otherwise, the initial DAM commitmentsare left
unchanged. The model pairsadjacentcycle-daysmoving forward day-by-day considering any commitment changesmade by the
previouspairof cycle-days. Thisprocessconcludesthe DAM commitmentsmade by the model.
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Figure 11: AGl Battery Model Step 2 Example: Zone G (Rockland), December 14-15,2016,4 Hour Battery
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The third step determines anyincremental RTMpositions using logic similar to the dailyDAM position process. In
the RTM, the battery plantsupplies (and consumes) energygiven arbitrage opportunities presented by RTM
LBMPs. The plant's RTMoperational decisions are contingenton the DAM positions established in steps 1 and 2.
While we assume the battery does notbuy out of a DAM energyposition, the battery can buy out of DAM reserve
position and take on a RTM energyposition instead.

To evaluate such arbitrage opportunities, the model generates everyfeasible RTM hour-pair given the current
hourly positions ofthe battery. When evaluating and ranking the profitabilityof adding hour-pairsin the RTM, the
model calculates an ‘estimated profit using the RTM LBMP for the first hour and the DAM LBMP for the second
hour. This reflects the fact that, inreal-time, aresource operator would notknow a future RTM LBMP and could
use the DAM LBMP as an approximation. However, once these RTMpositions are entered into, the model will use
RTM LBMPs to calculate realized profits, which maybe higher orlower than the estimated profits used to enter
into the position.

Real-time dispatch (and charging) decisions also incorporate a hurdle rate thataccounts for LBMP uncertaintyin
the real-time market. This hurdle rate reflects two components - an opportunitycostof limited available energyand
a risk premium. The battery model mustclear the hurdle rate (i.e., estimate its new position to be more profitable
than the hurdle rate)in orderto enterinto a RTM position.

The opportunitycostof limited available energyreflects that, if the battery used its limited energyto earn revenues
in low priced hours, itmay nothave sufficientstored energybe earn higher revenues in the future. The risk
premium accounts for market participant’s risk aversion when participating in the real-time market, given the



potential for higher volatility of real-time prices and the potential for losses to resultfrom deviations from its DAM
positions. We assumethe risk premium is $10/MWh, and calculate the opportunitycostof limited available energy
empiricallyusing the model, see Figure 12.

Figure 12 provides the marginal net EAS revenues evaluated for differentassumed hurdle rates, compared to if no
hurdle rate was used (i.e., a hurdle rate equal to $0/MWh). For each location evaluated in this study, a revenue
maximizing opportunitycostvalue is chosen (i.e.,the maximum pointon the figure). To obtain the total hurdle rate,
we add the $10/MWh risk premium to this opportunitycostvalue. This assessmentresulted in a total hurdle rate
assumption of $20 per MWh in Load Zone C and Load Zone F, and $25 per MWh in Load Zone G (Dutchess
County), Load Zone G (Rockland County), Load Zone J, and Load Zone K.

Figure 12: Change in RTM Net EAS Revenues for Alternative Bid Offer Hurdle Costs, 4-Hour Battery
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Note:
[1]Marginal Net EAS revenueisdefined asthe extra revenue gained compared to an evaluated $0/MWh opportunity cost value.

For each RTM hour-pair, partial charging is updated accordinglyto reflect the additional power needed for the
extra hour pair. The partial charging houris assigned to the hour with the lowestRTM LBMP that is feasible. This
process concludes the RTMpositions determined bythe model. Unlike the previous two DAM steps, the realized



profits maynot reflect the maximum RTMenergy and reserve revenues because ofimperfectknowledge and risk
aversion.

In Figure 13, the model commits one RTMhour-pairon 12/14 and no RTM hour-pairs on 12/15.0n 12/14,the
battery capitalizes on low RTM LBMPs for charging and discharges based on higher expected real-time prices
compared to DAM prices. This can be seen by the dark orange bars. The estimated profits for discharge in the
second houruse a DAM LBMP that is higherthan the RTM LBMP. As a result, the realized profits will be lower
than the estimated profits.

Figure 13: AGl Battery Model Step 3 Example: Zone G (Rockland), December 14-15,2016,4 Hour Battery
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To summarize, batteries can existin one of ten operating states in each hour, based on the combination of DAM
and RTM positions. These “operating” states include:

= DAM energyposition, with RTM energy dispatch

=  DAM energyandreserve position, with RTM energy and reserve dispatch
= DAM reserves position, with a RTM reserves dispatch

= DAM reserves position, witha RTM energy dispatch

=  DAM reserves position, witha RTM energy and reserve dispatch

= DAM reserves position, with no dispatch in the RTM

= NoDAM position, witha RTM reserve dispatch

= NoDAM position,witha RTM energy dispatch

= NoDAM position,witha RTM energy and reserve dispatch

= NoDAM position, with no dispatch inthe RTM



The net EAS revenues model estimates hourlyrevenues streams for the battery plants based on prices over the
three-year historical period. Equation 4 and 5 provide a simplified representation ofthe net EAS revenues (NEAR)
calculation usedin each hourwhen considering charging and reserves and discharging dispatch, respectively.
Profits are determined using parameters specific to each Load Zone and, when applicable, each batteryduration:

Charging and reserves:
CHARGE COST = Py, g4¢ * 1 hr % (LOEAF % LBMP; 4,4, + RS1+ TRANS)
RESERVE REV = P.pqrge* 1 hr % (LOEAF * LBMPyyprpe) + Min(Egypreq, CAP % 1 hr) % (LOEAF * LBM Prygorye)

NEAR = RESERVE REV — CHARGE COST 4)
Discharging:

NEAR = Pyienarge * 1 hr+ (LOEAF x LBMR, —VOM —RS1) (5)

nergy

Where:

LOEAF = LOE adjustment factors for each Load Zone and time period (%)

LBMP, .4, = Hourly energy LBMPs (either DAM or RTM) for each Load Zone ($/MWh)

LBMP. ..., = Hourly reserve prices (either DAM or RTM) for each Load Zone ($/MWh)

Pparge = Power withdrawn from grid (MW)

Piischarge = Powerinjected into grid (MW)

CAP = Power capacity of battery (MW)

Eooreq = Stored energy in battery (MWh)

VOM = Variable operations and maintenance costs ($/MWh)

RS1 = NYISO Rate Schedule 1 injection charge (varies over time, but is constant across Load

Zones and technology) ($/MWh)

TRANS = Transmission Senvice Charge rates (varies over time and across Load Zones) ($/MWh)

Total annual revenues are the sum ofrevenues earnedduring each hour ofthe year with energyand reserves
revenues derated by the plant's assumed UOL availabilityfactor.” As a final step, the model calculates the annual




average net EAS revenues as the simpleaverage ofall revenues over the three-year period, plus a flat adder for
providing VSS.7 Unlike the fossil model, the batteries have no seasonal differences in unitparameters orratings.

c. Model Data

The datausedinthe netEAS revenues modelincludes hourlylocational energyand reserve prices, dailyfuel
prices and dailyemission allowance prices (for CO2, SOz, and NOy) for the three-year period (September through
August)endingin the year priorto the beginning ofthe Capability Year to which the relevant ICAP Demand Cunes
will apply.”” Other peaking plantcosts and operational parameters (e.g., heatrate, VOM costs)needed to run the
model are establishedatthe time of the DCR, and describedin Section Il and Appendix A.

i. LBMPs and Reserve Prices

DAM and RTM LBMPs and reserve prices use zonal integrated hourlyaverage values thatare available through
the NYISO marketand operation data. Reserve prices are based on prices for 10-minute non-spinning reserves for
the GE 7HA.02 and Siemens SGT-A65 units,as BMCD, in discussion with NYISO, has determined thatthese unit
types are capable of supplying 10-minute non-spinning reserves. Reserve prices are based on 30-minute
operating reserves forthe GE 7F.05 units.

In addition to energy and reserve revenues, the peaking plants can also supplyVSS. VSS revenues are
determined outside the dispatch model. VSS payments are added to the final estimate ofannual netEAS
revenues and are based on actual settlementdata analyzed by the NYISO. The annual average VSS revenue was
found to be $2.04/kW-year for combustionturbines and batterystorage options.” AVSS adder of $1.63/kW-year
is used for the informational combined cycle plants. (The fixed VSS adderis incremental to the $3.90/kW-year net
ancillaryservices revenue adderused for the informational combined cycle plants.) These revenues are included
as fixed adders for all peaking plant(combustion turbines and batterystorage) and informational combined cycle
plants in all locations evaluated in this study.

ii. Oil and Natural Gas Prices

Natural gas prices are based on price indices for natural gas markethubs selected by AGI for each location
evaluated as reported by S&P Global Market Intelligence (SPGMI). SPGMI gas indices are developed using price
and volume data submitted from market participants for actual next-day transactions atvarious points along
identified sections of pipelines, and represent volume-weighted average prices for next day delivery, excluding
outliers thatare greaterthan two standard deviations from the mean.”? AGI's netEAS revenues model aligns gas
day delivery and DAM LBMPs, and applies a fixed intradaypremium or discountfor real time gas purchases, as
discussed below.




Despite the existence ofnumerous pricinghubsin and around New York, it is notnecessarilya straightforward
process to selectthe gas indexmostappropriate for a peaking plantin a given location. AGI considered numerous
gas indexoptions forthe peaking plants in question, based on several selection considerations:

= Market Dynamics. The gas indexshould reflectgas prices consistentwith LBMPs, recognizing thatother
factors such as transmission congestion also influence the frequencyand level of spikes in LBMPs.
Ideally, the gas indexused in peaking plantnet EAS revenues calculations would reflecta long-term
equilibrium rather than short-run arbitrage opportunities created due to near-term ortransitorynatural gas
system conditions.

= Liquidity. The natural gas indexshould have a reasonable depth of historical data available, representing
trades occurring atsufficientvolumes over a reasonable period oftime.

= Geography. The natural gas index(which typically reflects average trading prices over a broad
geographicarea)should representtrades across pipelines thathave an appropriate geographic
relationship to potential peaking plantlocations going forward, or otherwise have a logical nexus to prices
atrelevant delivery points. While recognizing the relevance of geographic proximity, AGI also considered
whethergas indices fullycaptured variation in pricing within a given Load Zone, particularlyto the extent
that such pricing variation is relevantto delivery to a peaking plantin NYCA.

= Precedent/Continuity. The natural gas indexselected should reflectand be supported byinformation
collected from multiple sources and should take into accountwhatis used for other NYISO planning and
marketevaluation purposes.& While the appropriate choice of gas indexcan vary in accordance with the
purpose and objectives ofthe study, consistencyand continuityshould be considered when other factors
do notclearly indicate an alternative.

The recommended natural gasindexfor each Load Zone was selected based on balancing the considerations
listed above, recognizing thatthe natural gas indices do notnecessarily capture all factors affecting the market-
based pricing for natural gas to a hypothetical peaking plant. In consideringgeography, a peaking plantin certain
of the locations evaluated for this studycould be directly served by lines represented byparticular natural gas
indices. Inthese cases, we have aimed to selectamong natural gas indices for pipelines thatdeliver to the
location ofinterest, given consideration of marketdynamics, liquidityand precedent/continuity. However, for some
locations, available indices thatmeetall relevantconsiderations (e.g., having sufficientliquidity) do not represent
delivery points within the Load Zone of interest. In these cases, selection amongavailable natural gas indices aim
to identify the index that reasonablyrepresents the natural gas prices thatwould be faced by a peaking plantwithin
that Load Zone. Because the price for natural gas to the peaking plantwould reflect market-based pricing, an
index outside the region mayprovide a reasonable estimate of prices, particularlygiven the addition ofincremental
gas transportation charges. When selecting anindex(and appropriate transportation charges) from among
multiple candidates for a given location, manyspecific factors maybe considered, including: the type of service
likely to be used for gas delivery, including interruptible service attariff rates and/or purchase offirm rights
released on a shorterterm basis byholders ofthose firm rights (butlikelynotthe purchase offirm rights to
transportation); reasonable estimates of transportation charges from a pointof delivery (potentiallyoutside a Load
Zone)to the hypothetical peaking plantgiven factors such as tariffcharges for delivery between points and market
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prices other types of service; levels and locations of congestion thatwould cause differences in market-based
prices for natural gas undertight natural gas market conditions; assumptions thatseek to avoid either over- or
under-estimating expected natural gas prices, given variation in prices across different market conditions,
particularlyrelative to other indices; dual fuel capability, which would cause the peaking plantto switch to lower-
costfuel oil when natural gas prices are high; and the extent to which prices represented bycertain natural gas
indices (including geographicallyproximate indices) reasonablyrepresentlong-run equilibrium prices thata
developerwould expectas new (peaking plant) entry (including consideration ofthe potential forincreasesin gas
demand from such new entryand other factors to potentiallyincrease congestion on these gas deliverylines and
tend to bring differences in multiple potentiallyrepresentative gas hubs into along-run equilibrium notrepresented
by short-run historical prices).

Figure 14 through Figure 18 provide comparisons of gas prices for various hubs and LBMPs for Load Zone C,
Load Zone F, Load Zone G, Load Zones J,and Load Zone K, respectively. These figures compare the monthly
average fuel costs fora hypothetical generation plant (with a heat rate of 8 MMBtu/MWh) and monthlyaverage
LBMPs for 2016 to 2019.

Figure 14: Natural Gas Price Indices and Load Zone C LBMPs
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Figure 15: Natural Gas Price Indices and Load Zone F LBMPs
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Figure 16: Natural Gas Price Indices and Load Zone G LBMPs
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[1] Natural gasfuel costs are expressed in $/MWh assuming a heat rate of 8 MMBtu/MWh.

Sources:
[1] S&P Global Market Intelligence.

[2] NYISO, “Custom Reports,” https://www.nyiso.com/custom-reports.
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Figure 17: Natural Gas Price Indices and Load Zone J LBMPs
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Figure 18: Natural Gas Price Indices and Load Zone K LBMPs
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[1] S&P Global Market Intelligence.
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Table 42 identifies the gas hubs selected by AGI based on the considerations listed above, along with
consideration ofinputand discussions with stakeholders and the Market Monitoring Unit. Table 43 summarizes
AGI's assessmentofpotentiallyapplicable natural gas indices for each location based on the criteria identified
above.

For Load Zones J, Transco Zn 6 NY is the natural gas indexfor a highly liquid trading hub thatreflects pipelines
with immediate proximityto Load Zone J and pricing consistentwith a reasonable expectation ofthe long-run
equilibrium between gas and electricitymarkets.

For Load Zone F, Load Zone G (Dutchess County),and Load Zone K, AGI recommends the use oflroquois Zone
2 as the natural gas index. These recommendations reflecta balance of considerations, particularlymarket
dynamics and geography. For Load Zone K in particular, Iroquois Zone 2 reflected the best proxy for gas prices
during constrained conditions.

For Load Zone G (Rockland County), AGI recommends the use of TETCO M3 as the natural gas index. Certain
indices with geographic proximitydid not provide a reasonable expectation ofthe long-run equilibrium betweengas
and electricity markets or exhibited other concerns such as liquidity. In particular, the Millennium pipeline crosses
the zone through Rockland County, butit maynot have the required flexibilityof supplyfor a peaking generator
during all seasons. The Millennium pipeline also has limited reported trading volume in years before 2019, which
raise liquidityconcerns for use as a proxy gas pricing hub. By contrast, TETCO M3 is a liquid trading hub which
reasonablyreflects the fuel costof a generator such as the peaking plantthatis expected to operate intermittently
throughoutthe year.8' While TETCO M3 delivery points are outside Rockland County, TETCO M3 delivers to
points proximate to Rockland Countyand the transportation costs (discussed below) provide a reasonable
estimate ofthe incremental costs needed to obtain fuel in Rockland Countyrelative to points in NortheastNew
Jersey.

In Load Zone C, a numberofpipelines, including those ownedby Tennessee Gas Pipeline (TGP), Dominion, and
Millennium, cross the zone. The Market Monitoring Unitconducted certain analyses which found that historical
energy price patterns bestmatched simulated operations based on the TGP Zone 4 (200L) gas hub. Basedona
balance of considerations, particularlymarketdynamics, trading liquidity, and geography, AGl recommends the
use of TGP Zone 4 (200L) as the natural gas indexfor Load Zone C.
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Table 42: Recommended Gas Index by Load Zone

Load Zone C

TGP Zone 4 (200L)

Load Zone F

Iroquois Zone 2

Load Zone G (Dutchess)

Iroquois Zone 2

Load Zone G (Rockland)

TETCO M3

Load Zone J

TranscoZn 6 NY

Load Zone K

Iroquois Zone 2

Table 43: Natural Gas Hub Selection Criteria, By Load Zone

Load Zone C
TETCO TGP Zone 4 TGP Zone 4
Decision Criteria M3 (200L) (Marcellus) Dominion North Dominion South
High Medium Medium : .
: Medium LBMP Medium LBMP
Market Dynamics LBMP. LBMR LBMP correlation correlation
Correlation | correlation correlation
Liquidity High High Medium Medium High
Geography No Yes Yes Yes No
Recommendation v
2016 DCR Yes No No No No
CARIS (2019) No No No No Part OIfBIZéJnndeS AE
Precedent| Phasel
Part of Zones
SOM (2019) No B,C,and E No No No
Blend




Load Zone F

Decision Criteria TGP Zone 6 Iroquois Zone 2
Market Dynamics High LBMP Correlation High LBMP Correlation
Liquidity High Medium
Geography No Yes
Recommendation v
2016 DCR No Yes
Precedent | CARIS (2019)Phasel Part of Zones F-I Blend Part of Zones F-I Blend
SOM (2019) Part of Zone F Blend Part of Zone F Blend

Load Zone G (Dutchess)

Decision Criteria TETCO M3 Iroquois Zone 2
Market Dynamics High LBMP Correlation High LBMP Correlation
Liquidity High Medium

Geography No Yes

Recommendation v

2016 DCR No Yes
Precedent | CARIS (2019)Phasel No Part of Zones F-I Blend
SOM (2019) Part of Zones G-I Blend Part of Zones G-I Blend

Load Zone G (Rockland)

Decision Criteria TETCO M3 Iroquois Zone 2 Millennium
Market Dynamics High LBMP Correlation High LBMP Correlation Medium LBMP correlation
Liquidity High Medium Low
Geography Yes No Yes
Recommendation v
2016 DCR No Yes No
Precedent gﬁ?sli |(2°19) No Part of Zones F-I Blend No
SOM (2019) Part of Zones G-I Blend Part of Zones G-I Blend No




Load Zone J
Decision Criteria TranscoZone 6 NY
Market Dynamics High LBMP Correlation
Liquidity High
Geography Yes
Recommendation v
2016 DCR Yes
Precedent | CARIS (2019)Phasel Yes
SOM (2019) Yes
Load Zone K
Decision Criteria TranscoZone 6 NY Iroquois Zone 2
Market Dynamics Medium LBMP correlation Medium LBMP correlation
Liquidity High Medium
Geography Yes Yes
Recommendation v
2016 DCR Yes No
Precedent | CARIS (2019) Phasel Part of Zone K Blend Part of Zone K Blend
SOM (2019) No Yes

For plants thatinclude dual fuel capability, oil prices are based on the New York Harbor Ultra —Low Sulfur Number
2 Diesel spotprice as reported bythe Energy Information Administration (EIA).8?

Table 44 identifies assumptions for various additional costs associated with the use of natural gas or ULSD (for
plants assumedto include dual fuel capability). Both natural gas and oil incur transportation and taxcosts. Natural
gas transportcosts range from $0.20 to $0.27 per MMBtu, while oil transportcosts range from $1.50 to $2.00 per
MMBtu.8 Within the net EAS model, ifthe plantwas notcommitted Day-Ahead, real-time net EAS revenues reflect
natural gas fuel costs thatinclude an additional intradaygas premium, which ranges from 10% to 30% depending
on location. The use ofthese premiums (discounts) is described above.

https://www.eia.gov/dnav/pet/hist/LeafHandler.ashx?n=pet&s=eer epd2dxl0 pf4 y35ny dpg&f=d



https://www.eia.gov/dnav/pet/hist/LeafHandler.ashx?n=pet&s=eer_epd2dxl0_pf4_y35ny_dpg&f=d

Table 44: Fuel Cost Adders by Capacity Region

Capacity Region Gas Transportation Int!'aday_Gas Tax Oil Transportation
($/MMBtu) Premium/Discount| (Gas; ULSD) ($/MMBtu)
NYCA $0.27 10% - $2.00
G-J $0.27 10% - $1.50
0, .
NYC $0.20 20% 4?5%/0/0(&?5’) $1.50
LI $0.25 30% 1.0% (Gas) $1.50

iii. Emission Allowance Prices:

Allowance prices for nitrogen oxides (NOy) and sulfur dioxide (SO.) are obtained from S&P Global Market
Intelligence, and representnational annual prices for both pollutants, and seasonal prices for NOx. % CO»

allowance prices are obtainedfrom the Regional Greenhouse Gas Initiative’s (RGGI) auction results, representing

RGGl-region clearing prices established on a quarterlybasis. %

As noted earlier,the LBMPs, reserve prices, fuel prices, and emission allowance prices are all updated annuallyto

iv. Other Fossil Model Data

recalculate the net EAS inputs to annual updates ofthe ICAP Demand Curves. The netEAS revenues model
requires additional inputdata to carry outthe calculations, which are notupdated as partof the annual update
process. This data falls into three main categories:

1.

Operating characteristics and costs are summarized furtherin Table 44 and Appendix A.

Peaking plant operating characteristics:this dataincludes heatrates, emissions rates, summer/winter
capacity ratings, operating capabilities (e.g., starttime), and locations (to identifythe appropriate LBMPs

and gas hubs).

Peaking plant operating costs: this data includes variable O&Mcosts, unitstart-up costs, natural gas
transportation costadders and taxes,and RTM fuel premiums.

Revenue and pricing data: this data include voltage supportservices adders (for all plants) and ancillary
service adders (for the informational combined-cycle plants). This categoryalsoincludes level ofexcess

adjustmentfactors (LOE-AFs), discussed below in Section [V.B.2.d and in Appendix C.

https://www.rggi.org/market/co2 auctions/results
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v. Battery Specific Data

The net EAS revenues model for battery storage uses the same data as the fossil model for a wide variety of
parameters,including LBMPs, LOE-AFs, and Rate Schedule 1 charges. The battery model requires additional
inputdata. This data falls into three main categories:

1. Battery operating characteristics: this data includes charging efficiency, storage duration, and the
assumedtargetcharge level (i.e., 50% of the battery's capacity), all provided by BMCD.

2. Battery operating costs: these datainclude variable O&M costs provided by BMCD.

3. Revenue and pricing data: these datainclude transmissionservice charge rates and prices for 10-
minute spinningreserves, which are the basis forreserve prices in the battery model. These are both
available on the NYISO website. For VSS revenues, the same $2.04/kW-year adder as applicable to
combustion turbines peakingplantoptionsis applied to the battery storage options.

d. Level of Excess Adjustment Factors

The net EAS revenues model incorporates adjustmentfactors to zonal LBMPs and reserve prices to accountfor
the Services Tariff requirementthatcosts and revenue estimates used in determining the ICAP Demand Curves
reflect system conditions with capacityequal to the applicable minimum Installed Capacity Requirementplus the
capacity of the peaking plantin NYCA and each Locality (the LOE condition).® Consistentwith the 2016 DCR, this
Services Tariff requirementis addressedthrough the developmentofa setof LOE adjustmentfactors (LOE-AFs)
that modifythe historical LBMPs and reserve prices used in the netEAS revenue calculations to approximate
prices under LOE conditions.

For example, if actual LBMPs are based on system conditions with resource margins well above the tariff-
prescribed LOE conditions, netEAS revenues would likelybe lower than the peaking plantwould experience
under LOE conditions. In this case, the adjustmentfactors should tend to increase net EAS revenue estimates
(i.e., reflect a multiplier greaterthan one). Conversely, if actual LBMPs are at system conditions reflecting a
shortage ofresources relative to the tariff-prescribed LOE conditions, estimated net EAS revenues would likely
exceed those thatthe peaking plantwould experience atLOE conditions, leadingto adjustmentfactors ofless than
one.¥

AGI has developed a setof LOE-AFs based on production cost model simulations conducted by GE Energy
Consulting (GE), using GE’s Multi-Area Production System (MAPS, or GE-MAPS). GE-MAPS generates hourly,
locational marginal prices based on a detailed production costsimulation system of NYISO and connected power
regions, with system operations and dispatch based on forecasted load, generating assetoperational and cost
characteristics, and a representation of constraints on the transmission system. For the purposes ofthis Report,
GE relied on supplyand load assumptions withinthe 2019 Congestion AssessmentResource Integration Study
(CARIS) Phase 1 Base Case data, updated to include certain resource and load forecastupdates.®




LOE-AFs are developed through the comparison oftwo modeling cases. Abase case represents currentsystem
conditions (“as found” conditions), while an “LOE” case represents system conditions atthe tariff-prescribed LOE.
LOE-AFs are developed as the ratio of average day-ahead LBMPs in the base case to average LBMPs in the LOE
case for each Load Zone, where LBMPs are firstaveraged within each month and period across all ofthe modeled
years 2021 to 2025. Three periods are evaluated: on-peak, peak load window, and off-peak, are defined as
follows:

= On-peak hours are all hours between 7 am and 10:59pm, Mondaythrough Friday except for
NERC defined holidays and Peak Load Window hours (below).
=  Peak Load Windowhours are as follows: %
- Summer (June-August): hours beginning 1 pm until 6:59 pm
- Winter (December-February): hours beginning 4 pm until 9:59 pm
= Off-peak are all hours notdefined as included within on-peak or peak load window hours.

To model system conditions appropriate underthe LOE case, system loads were adjusted in each Load Zone so
that the resulting ratio of peak load to available resources equaled the applicablereserve margin consistentwith
LOE marketconditions—i.e., ICR/LRC plus the capacityof the proposed peaking plant (the GE 7HA.02 turbine) for
each capacity region.

Within GE-MAPS, LBMPs are modeled in everyhour of each year of the DCR period (2021 —2025). Each LOE-AF
(by Load Zone, month and period) reflects the average over the four-year DCR period. Asingle setof LOE-AFs
was developed. This setof LOE-AFs, calculated atthe time of the DCR, will remain setforthe duration ofthe reset
period, and will be applied to historical LBMPs and reserve prices used in each subsequent Capability Year's net
EAS revenues calculation during the resetperiod.

As described in Equation (1), LBMPs and reserve prices are multiplied bythe LOE-AFs to approximate prices that
would be faced by a peaking plantatLOE marketconditions, consistentwith the requirements ofthe Services
Tariff. For example, ifthe three-year average LBMP during a given peak hourina Load Zone in Julyis $50/MWh,
and the LOE-AF for peak hours in Julyis 1.02 for such location, then the LBMP for that hourusedin netEAS
calculations would be $50 * 1.02 = $51/MWh.

Average preliminaryLOE-AFs across all months and periods ranged from 1.03 in Load Zone F to 1.07 in Load
Zone C. AppendixC contains the full setof preliminaryLOE-AFs used in the preliminarynet EAS revenues
analysis byLoad Zone, month and period based on the GE-MAPS analysis.




C. Results

The preliminaryvalues in this Reportare for the 2021/2022 Capability Year. For subsequent Capability Years
encompassed bythis resetperiod, the net EAS revenues will be calculated using the same model, butwith
updated data as partof the annual update process describedin Section VI below.

PreliminarynetEAS results for the Capability Year 2021/2022, bylocation, are summarized in Table 45 through
Table 47. Included are the preliminaryaverage annual net EAS revenues (in nominal $/kW-year) over the three-
year historic period, summarized by peaking planttype and location, as well as preliminaryaverage annual values
for run hours, unitstarts, and hours of operation per start. AppendixD includes detailed preliminarydata for each
peaking plant, with netEAS revenues reported byDAM position and RTMdispatch, fuel use,and year.

The results provided in this Report are preliminary and subject to change. The values provided herein for
estimating net EAS revenues are based on data for the three-year period September 2016 through August
2019.The values will be updated in September 2020 to reflect data for the period September 2017 through
August 2020
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Table 45: Preliminary Net EAS Model Results for Fossil Plants by Load Zone, Dual Fuel Capability

C_|Central $43.24 $44 51 $42.52 $41.42 $44.84 $68.40 1,462 1,527 1,043 984 1,634 5,501
F_|Capital $32.76 $33.59 $35.69 $32.25 $34.00 $63.81 744 865 821 638 908 5,164
G_|Hudson Valley (Duichess) | $35.41 $37.03 $37.90 $35.16 $37.57 $61.99 695 748 645 619 805 5,133
G_|Hudson Valley (Rockland) | $47.64 $47.53 $43.70 - - $92.46 2,106 2,037 1,132 - - 7,193
J_|New Yark City $41.83 $42.36 $42.30 - - $85.17 1518 1,524 895 - - 7,171
K_|Long Island $60.82 $60.54 $59.55 - - $119.03 2,384 2222 1,284 - - 7,843

C |Central i

F |Capital 74 128 328 59 130 52 10.1 6.8 25 10.8 7.0 98.7
G |Hudson Valley (Dutchess) 72 17 262 61 120 55 97 6.4 25 10.2 6.7 933
G |Hudson Valley (Rockland) 115 161 331 - - 28 18.3 127 34 - - 2569
J [New York City 112 162 311 - - a7 135 10.0 29 - - 193.8
K |Long Island 169 209 ar2 - - 29 14.1 10.6 37 - - 2736

C |Central 18 9 18 19 9 -
F _|Capital 102 20 102 103 20 -
G |[Hudson Valley (Dutchess) 95 26 9N 98 22 -
G [Hudson Valley (Rockland) 81 2 79 - - -
J |New York City 66 7 84 - - -
K |Long Island 53 5 66 - - -
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Notes:

[1] Results reflect data forthe period September 2016 through August 2019. The valueswill be updated in September 2020 to reflect dataforthe period September 1, 2017 through

August 31, 2020.

[2]/gAssumes $2.04/kW-yearVSS revenuesforcombustion turbine plantsand $5.53/kW-year revenuesfor the informational combined cycle plantsfrom VSS and otherancillary services,
based on settlement dataanalyzed by NYISO.

[3] Runtime limitswere applied based on NSPS and annual NOs emissionslimitsfor plantsthat do notinclude SCR emissionscontrols.

[4] Combinedcycle plantsare modeled forinformational purposesonly. Reserve dispatch isnot modeled for the informational combined cycle plants; reserve revenuesare incorporated
through the $5.53/kW-yearadderdescribed innote [2] above.
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Table 46: Preliminary Net EAS Model Results for Fossil Plants by Load Zone, Natural Gas-Only

Gentral $43.24 $44.51 $42.52 $41.42 $44.84 $68.40 1,462 1,527 1,043 984 1,634 5,501
Capital $31.33 $32.23 $33.99 $31.05 $32.63 $60.44 721 843 793 707 386 5109
Hudson Valley (Dutchess) | $34.72 $36.14 $36.93 $34.58 $36.67 $59.12 677 729 623 673 789 5.083
Hudson Valley (Rockland) | $46.68 $46.51 $42.67 - - $89.48 2083 2.014 1,105 - - 7.149

QD |MO

C |Central 98 144 325 64 147 47 14.9 106 3.2 15.5 11.1 117.9
F |Capital 73 126 326 65 128 53 9.9 6.7 2.4 10.8 6.9 96.4
G _|Hudson Valley (Dutchess) T 115 259 67 119 56 9.5 6.4 2.4 10.0 6.6 90.8
G _|Hudson Valley (Rockland) 114 159 329 - - 28 18.3 12.6 3.4 - - 249.4

C |Central 18 9 18 19 9 -
F _|Capital 102 20 102 103 20 -
G |Hudson Valley (Dutchess) 98 28 94 101 24 -
G [Hudson Valley {(Rockland) 86 4 84 - - -
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Notes:

[1] Results reflect data forthe period September 2016 through August 2019. The valueswill be updated in September2020 to reflect dataforthe period September 1, 2017 through

August 31, 2020.

[2]/gAssumes $2.04/kW-yearVSS revenuesforcombustion turbine plantsand $5.53/kW-year revenuesfor the informational combined cycle plantsfrom VSS and otherancillary services,
based on settlement dataanalyzed by NYISO.

[3] Runtime limitswere applied based on NSPS and annual NOs emissionslimitsfor plantsthat do notinclude SCR emissionscontrols.

[4] Combinedcycle plantsare modeled forinformational purposesonly. Reserve dispatch isnot modeled for the informational combined cycle plants; reserve revenuesare incorporated
through the $5.53/kW-yearadderdescribed innote [2] above.
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Table 47: Preliminary Net EAS Model Results for BESS by Load Zone

C |[Central $50.04 $51.03 $51.14 337 362 393
F_[Capital $52.01 $52.29 $52.87 200 225 245
G _[Hudson Valley (Dutchess) $53.83 $55.55 $55.78 401 442 469
G_[Hudson Valley (Rockland) $53.15 $53.57 $54.02 266 274 298
J_|New York City $54.20 $55.23 $55.65 291 319 353
K ]Long Island $65.76 $70.31 $72.19 678 849 984

C |Central 84 60 49 0.9 1.0 1.1
F |Capital 50 37 31 0.5 0.6 0.7
G |Hudson Valley (Dutchess) 100 74 59 1.1 1.2 1.3
G |Hudson Valley (Rockland) 66 46 37 0.7 0.7 0.8
J [New York City 73 53 44 0.8 0.9 1.0
K |Long Island 170 142 123 1.9 2.3 2.7

Notes:

[1] Results reflect data forthe period September 2016 through August 2019. The valueswill be updated in September 2020 to reflect dataforthe period September 1, 2017 through

August 31, 2020.

[2] Assumes $2.04/KW-year VSS revenuesforall plants, based on settlement dataanalyzed by NYISO.
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V. ICAP Demand Curve Model and Reference Point Prices

A. Introduction

The ICAP Demand Curves are designed to ensure thatthe ICAP market provides sufficientrevenues to support
the developmentofnew peaking plantresources to maintain resource adequacy. In Sections lll and IV, AGI
established the values forgross CONE and netEAS revenues forthe peaking planttechnologies in all locations
evaluated in this study. The difference in annualized gross CONE and net EAS revenues is defined as the ARV.
Thatis,the ARV is equal to the net annual revenue requirementfor each of the peaking planttechnologies. This
section describes how the resulting ARVs are translated into RPs thatform an anchorfor the slope ofthe ICAP
Demand Curve in each capacity region, therebyaccounting for the tariff-prescribed LOE conditions and seasonal
nature of the ICAP markets. With these conclusions in hand, AGI presents the resulting preliminaryICAP Demand
Curve parameters for each capacityregion for CapabilityYear 2021/2022. Section VI summarizes the procedures
for annual updating of ICAP Demand Curve parameters through the formulaic approach established atthe time of
this DCR.

B. ICAP Demand Curve Shape and Slope

The ICAP Demand Curves are designed with three basic elements: a cap on the maximum allowable prices, a
floor on prices (atzero), and a sloped demand curve that determines prices for varying levels of capacity between
this cap andfloor. In principle,the ICAP Demand Curve slope reflects the declining marginal value of additional
capacity in terms of incremental improvements in reliability— that is, as the quantity of capacity increases.
Incremental capacityprovides diminishing value in terms ofreductions in loss ofload expectation (LOLE). The
sloped portion ofthe demand curve, in principle, is intended to capture this declining value. However,at some
point, this value becomes so small thatincremental capacity provides no meaningful improvementin reliability. To
capture this limit, the ICAP Demand Curves include a ZCP, which reflects the pointat which incremental capacity
provides no incremental value and the price declines to zero. Along with capturing the declining marginal value of
capacity, a sloped demand curve also reduces the volatilityof capacity market prices, which can reduce developer
financial risk therebyproviding a marketenvironmentmore conducive to capital investmentto supportresource
adequacy, and reduces incentives for the exercise of marketpower.

The ICAP Demand Curves are constructed suchthatthe peaking plantwould recoverits ARV when the systemis
atthe LOE — thatis, the applicable ICR/LCR plus the capacityof the peaking plant. Given differences in costs
between Load Zones as well as transmission constraints thatlimitflows between Load Zones, separate ICAP
Demand Curves are established for NYCA and each Locality. Each ICAP Demand Curve is comprised ofthree
portions (each ofwhich is a straightline) reflecting the three components discussed above:

1) Maximum allowable price: A horizontal line with the price equal to 1.5 times the monthlygross CONE
value for each capacity region;

2) Slopedsegment: Asloped straight-line segmentthatintersects with number (1) and passes through two
points:(a)the pointat which the capacityis equal to the NYCA Minimum Installed CapacityRequirement
or the Locational Minimum Installed Capacity Requirement, and the price is equal to the NYCA/Locality
RP, and (b) the zero crossing pointatwhich the price is equal to zero; and



3) Pricefloor: A horizontal line with the price equal to zero and the quantity includes all quantities greater
than the ZCP quantity.®

Ultimately, the slope ofthe sloped portion ofthe line is determined bythe RP and ZCP. As described below, the
RP is a function of the ARV, the ZCP ratios (ZCPR), the impactof additional capacityfrom the tariff prescribed
LOE conditions, and seasonal factors. The following sections provide additional detail on the ZCPR, winter-to-
summer ratio (WSR), and LOE factors. Following this discussion, the RP formula and ICAP Demand Curve
geometryis presented in greater detail.

1. Zero crossing point

In the 2013 DCR, the ZCPs for NYCA and the Localities were setat112% of IRM for NYCA, 118% of LCR for
Longlsland, 118% of LCR for New York City, and 115% of LCR for the G-J Locality. This decision retained the
then-currentZCPs forNYCA, NYC, and LI, and set the ZCP for the G-J Localitymidwaybetween the values for
NYC and NYCA. Prior to this decision, two separate analyses ofthe ZCP were performed to inform ZCP
decisions. The firstanalysis was a studycompleted by FTI that evaluated the economics ofsetting the ZCPs
based on GE-MARS analysis ofloss ofload expectations associated with varying levels of capacityin the
market.®' While FTI had recommended revising the ZCPs based on the results ofits analysis, the independent
consultantduring the 2013 DCR ultimatelyrecommended adjusting ZCPs to a pointmidwaybetween then-current
values and the values recommended byFTI. After the completion ofthe consultant’s studyreportfor the 2013
DCR, an analysis was performed bythe Market Monitor Unit(Potomac Economics) thatwas alsobased on GE-
MARS modeling completed byNYISO Planning staff.%

Both the FTI and MMU recommendations for potential changes to ZCPs were based on assessments ofthe point
at which additional capacitybeyond the applicable minimum requirement provided little orno marginal value in
terms ofimproved reliability (as reflected in resulting changes LOLE). However, the analyses differed in two key
respects. First,the underlying MARS modeling used in the FTI analysis was based on “shifts”in capacityfrom the
Localities to the NYCA. In contrast, the modeling used byMMU relied on adding incremental capacityto each
Localityand NYCA. Second, FTl relied onjudgementto determine the ZCP — that is, relying on visual inspectionto
determine the pointatwhich incremental value was nearzero. The MMU quantitativelyfit curves through scenarios
outcomes to determine where the change in LOLE became zero.

Since the 2013 DCR, no additional studies have been conducted to specificallyinform the determination of ZCPs
for the ICAP Demand Curves. However, in the Reliability and Market Considerations fora Grid in Transition report,
the NYISO recommended consideration of a separate initiative to assess the shape and slope ofthe ICAP
Demand Curves.® Considering these factors, AGI recommends thatthe currentZCPs remain unchanged for this

DCR.




2. Winter-to-Summer Ratio

The WSR captures differences in the quantity of capacity available between winterand summer seasons given
differences in seasonal operational capability. The ICAP Demand Curves accountfor differences in the prices that
would prevail, all else equal, between seasons due to these seasonal differences in capacity. Figure 19 illustrates
the differences in price during the winter seasonwhen there is a higher quantity of system capacity.

The WSR is calculated as the ratio of total winter ICAP to total summerICAP in each year. Total ICAP is equal to
the sum oftotal UCAP available (including generation, Special Case Resources, and imports) listed in monthly
reports published bythe NYISO, converted to ICAP using alocational EFORJ. These totals are adjusted for
certain resource entryand exit circumstances.% Both total winter ICAP and total summer ICAP are calculated as a
rolling average from the same three-year historical period thatis used when calculating net EAS revenues.

The preliminary results presentedin this Report reflect the applicable WSR values determined using data
for the same three-year historic period as the preliminary net EAS revenues estimates (i.e., September
2016 through August 2019). The WSR values will be updated in September 2020 to reflect data for the
period September 2017 through August 2020.




Figure 19: lllustration of the Reference Point Price, Level of Excess, and Seasonal Capacity
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Table 48 provides the WSR values used in this Reportand reflectdata for the period September 2016 through
August2019.

Table 48: Preliminary Winter-to-Summer Ratio by Location

Winter-

Capability | Summer
Capacity Region Year Ratio
NYCA 2021-2022 1.040
G-J 2021-2022 1.058
New York City 2021-2022 1.078
Longlsland 2021-2022 1.076




3. Level of Excess Criterion

The LOE for each peaking plantis defined as the ratio ofthe applicable minimum Installed Capacityrequirement
plus the average degraded netpeaking plantcapacityto the applicable minimum Installed Capacityrequirement.
The LOE is expressed in percentage terms and definedbythe following equation, where all capacities are
expressedin MW.

__IRM (or LCR)+peaking plant capacity
- IRM (o7 LCR)

LOE

(6)

The LOE varies by capacity region, depending on the applicable minimum requirement, and by size of the various
peaking plantoptions evaluated in this study. The ICR/LCR values are based on the peak load forecasts and the

IRM/LCR values for the 2020/2021 Capalbility Year. Table 49 and Table 50 provides the applicable forecasted
peakload, IRM/LCR values (in percentage terms), and the resulting LOE by capacity region and technology,
expressed as a percentage.

Table 49: Fossil Plant Level of Excess by Technology and Location, Expressedin Percentage Terms

LOE (%) by Technology
3x0

Peak Load siemens | 1x0GE | 1X0CF | Ix0OE | 1x CF

Capacity in MW | 2020-2021 | SGT- 7F.05 il I Aot oo
Zone (2020) IRM/LCR A65 PP PP

NYCA 32,296 118.9% | 100.41% | 100.54% | 100.90% | 100.85% | 101.29%
G-J 15,695 90.0% | 101.12% | 101.48% | 102.46% - 103.54%
NYC 11,477 86.6% | 101.60% | 102.11% | 103.51% - 105.05%
LI 5,227 103.4% | 102.94% | 103.89% | 106.45% - 109.30%

Table 50: BESS Level of Excess by Location, Expressedin Percentage Terms

LOE (%) by Battery Duration

Peak Load 4-hr 6-hr 8-hr

Capacity in MW 2020-2021 BESS BESS BESS

Zone (2020) IRM/LCR

NYCA 32,296 118.9% 100.52% | 100.52% | 100.52%
G-J 15,695 90.0% 101.42% | 101.42% | 101.42%
NYC 11,477 86.6% 102.01% | 102.01% | 102.01%
LI 5,227 103.4% 103.70% | 103.70% | 103.70%




C. Reference Point Price Calculations

Figure 20 illustrates the “geometry’ of the ICAP Demand Curve and the LOE requirements, which in turn
determine the RP.The ICAP Demand Curve slope is detemined bytwo conditions: (1) the requirementthat
peaking plantearns its revenue requirementatthe LOE, illustrated bythe red dotin Figure 20, with the price Parv
and the quantity “IRM/LCR + LOE”; and (2) the ZCPR. These two points define the red line in Figure 20, which is
the ICAP Demand Curve slope. Having defined the ICAP Demand Curve slope, the RP can be calculated atthe
appropriate quantityfor each capacity region — that is, the IRM for NYCA and the LCR for each Locality. This
calculation requires a translation thatis defined below.

Figure 20 alsoillustrates the ICAP Demand Curve slope absentthe LOE requirement (the greenline, setso that
the peaking plantrecovers its ARV at the IRM/ILCR). When the RP is calculated withoutan adjustmentto account
for the tariff prescribed LOE condition, the price earned bythe hypothetical peaking plantatthe LOE (i.e., By, oz IN
Figure 20) would be insufficientto recover ARV.

Figure 20: lllustration of the Reference Point Price and Level of Excess Requirement
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Equation (7) defines the RP as a function of both the seasonal capacityadjustment(the WSR)and the LOE
requirement:



ARV+AssmdCap 1

RP = 6*[SDMNC*(1— ZLgP”;:l)+WDMNC*(1 “OE‘;C);;VSR‘”)] * DAF (7)

Where:

ARV is the annual reference value for the relevant peaking plant ($/kW-year)

SDMNC is the summer dependable maximum netcapabilityfor the relevant peaking plant (MW)
WDMNC is the winter dependable maximum netcapabilityfor the relevant peaking plant (MW)
AssmdCapis the average degraded netplantcapacityfor the relevant peaking plant

LOE is the ratio of IRM/LCR plus the assumed capacity of the relevantpeaking plantto IRM/LCR (%)

WSR is the ratio of total winter ICAP to total summerICAP, as calculated by the NYISO for the relevantcapacity
region

ZCPR is the ZCP ratio of the ICAP Demand Curve for the relevantcapacity region
RP is the reference pointprice ($/kW-month) ofthe ICAP Demand Curve for the relevant capacity region

DAF is the Duration AdjustmentFactor applied for the BESS units due to theirassumed status as a Resource with
an EnergyDuration Limitation. DAF is assumed at90% for 4-hour BESS units and at 100% for 6-hourand 8-hour
BESS units.%®

Along with accounting for the LOE requirement, Equation (7) also accounts for differences in the capacitymarket
revenue and peaking plantcapacitybetween Summer and Winter CapabilityPeriods. These differences in
seasonal prices were illustrated in Figure 19. Thus, the plant's ARV (defined in $/kW-year) is metthrough different

revenue streams in each season —thatis:
ARV x AssmdCap = 6 * SP * SDMNC + 6 *x WP * WDMNC (8)

Where:

SP and WP representthe assumedsummer and winter capacity prices atthe tariff prescribed LOE conditions as
illustratedin Figure 19 and Figure 20.

Equation 7 reflects the solution to the revenue adequacyrequirementin Equation 8, given the following equations
for SP and WP:




SP—RPx(l LOE_l)

- ZCPR — 1

WP = RP x (1 (LOE — 1)+ (WSR — 1))
- ZCPR —1

D. Preliminary ICAP Demand Curve Parameters

AGI has applied the methods, models and equations described in this Reportto identifypreliminaryRPs and other
ICAP Demand Curve parameters for NYCA and Localities for the Capability Year 2021/2022. These preliminary
values are presented in Table 51 through Table 54, below. Figure 21 through Figure 24 provides a comparison of
these preliminaryICAP Demand Curve parameters relative to ICAP Demand Curve parameters for the first
CapabilityYear encompassed byprior DCRs.%

The results provided in this Report are preliminary and subject to change. WSR values and estimated net
EAS revenues are based on data for the three-year period September 2016 through August 2019. The
values will be updated in September 2020 to reflect data for the period September 2017 through August
2020.

To arrive at theseresults, AGl and BMCD considered relevantmarketand technologyissues,and cameto a
numberofconclusions keyto the final calculation of RP values. [All numericalresults presented below will be
updated in September 2020 to use the finalized data as required for the estimation of net EAS revenues
and escalation of capital costs.] Specifically, AGI and BMCD conclude the following:

= The GE 7HA.02 (H Class Frame) represents the highestvariable cost, lowestfixed costpeaking plant
thatis economicallyviable. To be economicallyviable and practicallyconstructible, a dual fuel H
Class Frame machine would be builtwith SCR emissions control technologyin Load Zone J, Load
Zone K, Load Zone G (Rockland County),and Load Zone G (Dutchess County), and a gas only H
Class Frame machine would be constructed without SCR emissions control technologyin Load Zone
C and Load ZoneF.

= Basedonmarketexpectations forfuel availabilityand fuel assurance, changesin marketstructures,
consideration ofapplicable reliabilityand LDC tariff requirements, and developer expectations, the H
Class Frame machine should be builtwith dual fuel capabilityin Load Zone G (Dutchess County),
Load Zone G (Rockland County), Load Zone J, and Load Zone K. AGI and BMCD recommend a gas-
only (withoutdual fuel capability)designin Load Zone C and Load Zone F.

= The state of New York has begun a process to decarbonize the power sector overthe next couple
decades. This does noteliminate consideration of a fossil-fueled plantas the potential peaking plant
technology. It does, however, suggestreview of the ways in which these efforts affect the
developmentand operation of such facilities, which could in turn affect the present-dayfinancial
analysis parameters (e.g.,the appropriate amortization). Forthis DCR,we recommend a 17-year
amortization period for fossil-fueled plants in consideration of restrictions on fossil fuel operations past
2039 pursuantto the CLCPA.




= Basedonourreview, battery energy storage should notbe selected to serve as the peaking plant
underlying any of the ICAP Demand Curves atthis time. We come to this conclusion based primarily
on ourestimates ofthe net CONE for a sample batterystorage facilitywith 4-, 6-, and 8-hour duration
of storage and the availabilityof lower costviable technologyoptions.

= The weighted average costofcapital (WACC) used to develop the localized levelized embedded
gross CONE should reflecta capital structure of 55% debt and 45% equity; a 6.7% costof debt;and a
13.0% return on equity, for a WACC of 9.54%.Based on currenttax rates in NY State and New York
City, this translates to a nominal after tax WACC (ATWACC) of 8.52% and 8.20%, respectively.

= Net EAS revenues are estimated for the peaking planttechnologies using gas hubs thatreflect
consideration ofa number offactors, including consistency of gas prices with LBMPs within each
Load Zone, liquidityof trading, geographic consistencywith the locations evaluated, and precedence
of usein other studies/analysis. To that end, netEAS revenues are estimated using the following gas
hubs, which are fixed for the four-year duration ofthe resetperiod:

- Load Zone C: TGP Zone 4 (200L)

- LoadZoneF: Iroquois Zone 2

- Load Zone G (Dutchess County): Iroquois Zone 2
- Load Zone G (Rockland County): TETCO M3

- Load Zone J: Transco Zone 6 New York

- Load ZoneK: Iroquois Zone 2

= The ICAP Demand Curves should maintain the currentZCP values. The ZCPs should remain 112%
for the NYCA ICAP Demand Curve, 115% for the G-J LocalityICAP Demand Curve,and 118% for the
NYC and LI ICAP Demand Curves.

Table 51 provides the preliminaryparameters ofthe ICAP Demand Curves forthe 2021/2022 Capability Year
consistentwith the conclusions and technologyfindings described above. Table 52 through Table 54 provides
additional information for the other technologies evaluated. For ICAP Demand Curves where more than one
location is evaluated (i.e., NYCA and the G-J Locality), the appropriate location and peaking planttechnology
selected as the basis forthe 2021/2022 Capability Year ICAP Demand Curves remain fixed for the four year
duration ofthe resetperiod.



Table 51: Preliminary ICAP Demand Curve Parameters ($2021)

GE 7HA.02
Current Year (2021-2022)
G - Hudson
G - Hudson Valley Valley

Parameter Source C - Central F - Capital (Dutchess) (Rockland) J - New York City K - Long Island
Gross Cost of New Entry ($/kW-Year) 1 $115.11 $116.15 $145.77 $150.25 $197.00 $160.27
Net EAS Revenue ($/kW-Year) [2] $42.41 $31.79 $36.25 $48.77 $42.83 $62.27
Annual ICAP Reference Value ($/kW-Year) [B1=[11-1[2] $72.70 $84.35 $109.52 $101.48 $154.17 $98.00
ICAP DMNC (MW) [4] 326.7 328.5 347.0 347.0 348.8 348.8
Total Annual Reference Value [5] =[3] * [4] $23,749,587 $27,710,552 $38,003,822 $35,212,484 $53,775,089 $34,181,563
Level of Excess (%) [6] 100.9% 100.9% 102.5% 102.5% 103.5% 106.5%
Ratio of Summer to Winter DMNCs [7] 1.040 1.040 1.058 1.058 1.078 1.076
Summer DMNC (MW) [8] 329.3 334.0 348.3 348.2 348.5 351.1
Winter DMNC (MW) [9] 344.7 350.5 369.9 369.9 374.1 373.0
Assumed Capacity Prices at Tariff Prescribed Level of Excess Conditions

Summer ($/kW-Month) [10] $7.19 $8.27 $11.58 $10.73 $17.19 $11.90

Winter ($/kW-Month) [11] $4.61 $5.30 $6.22 $5.77 $7.94 $4.07
Monthly Revenue (Summer) [12] = [10]*[8] $2,368,490 $2,760,978 $4,031,956 $3,735,420 $5,992,423 $4,179,389
Monthly Revenue (Winter) [13] = [11]*[9] $1,589,756 $1,857,440 $2,302,036 $2,133,324 $2,970,092 $1,517,551
Seasonal Revenue (Summer) [14]=6*[12] $14,210,942 $16,565,866 $24,191,734 $22,412,520 $35,954,536 $25,076,334
Seasonal Revenue (Winter) [15] =6 *[13] $9,538,538 $11,144,638 $13,812,214 $12,799,946 $17,820,553 $9,105,303
Total Annual Reference Value [16] = [14]+[15] $23,749,480 $27,710,504 $38,003,948 $35,212,465 $53,775,089 $34,181,637
ICAP Demand Curve Parameters

ICAP Monthly Reference Point Price ($/kW-Month)
$7.74 $8.90 $13.84 $12.83 $21.36 $18.56
ICAP Max Clearing Price ($/kW-Month) $14.39 $14.52 $18.22 $18.78 $24.63 $20.03
Demand Curve Length 12.0% 12.0% 15.0% 15.0% 18.0% 18.0%




Table 52: Comparison of Preliminary Reference Point Prices by Technology ($2021/kW-mo.)

Monthly Reference Point Price ($/kW-Month)

G - Hudson

G - Hudson

Fuel Type/ . J -New York| K-Long
Technology .. C - Central | F - Capital Valley Valley .
Emission Control (Dutchess) | (Rockland) City Island
3%0 Siemens SGT-A65 Dual Fuel, W,Ith SCR - - $26.27 $26.48 $39.20 $30.14
Gas Only, with SCR $21.06 $22.15 - - - -
1x0 GE 7F .05 Dual Fuel, W.Ith SCR - - $16.73 $16.41 $27.30 $20.20
Gas Only, without SCR $10.43 $11.88 - - - -
Dual Fuel, tuned to 25 - - $13.84 $12.83 $21.36 $18.56
ppm, with SCR
1x0 GE 7HA.02
Gas Only, tuned to 15 $7.74 $8.90 ) ) ) )
ppm, without SCR i ’

Informational 1x1 GE |Dual Fuel, with SCR - - $22.66 $20.10 $50.25 $41.56
7HA.02 CC Gas Only, with SCR $14.41 $15.75 - - - -
4-hr BESS Battery Storage $17.60 $17.56 $19.44 $20.41 $28.54 $23.52
6-hr BESS Battery Storage $24.10 $24.22 $26.73 $28.11 $37.23 $33.08
8-hr BESS Battery Storage $32.45 $32.60 $36.14 $37.85 $48.84 $45.38

Table 53: Comparison of Preliminary Gross CONE by Technology ($2021/kW-year)
Gross CONE ($/kW-Year)
G - Hudson | G - Hudson
Technology EmiZ:?;:lép:r:trol C-Central | F - Capital Valley Valley 2= Ng‘i': VLS KI;II;:ZQ
(Dutchess) | (Rockland) y
3%0 Siemens SGT-AB5 Dual Fuel, wﬁh SCR - - $286.60 $294.54 $391.12 $303.20
Gas Only, with SCR $262.08 $264.89 - - - -
1x0 GE 7F.05 Dual Fuel, W-Ith SCR - - $185.15 $193.04 $268.08 $205.46
Gas Only, without SCR $148.55 $150.32 - - - -
Dual Fuel, tuned to 25 . - $145.77 | $15025 | $197.00 | $160.27
1x0 GE 7THAO2  [PRM. With SCR
' Gas Only, tuned to 15 $115.11 $116.15 ) ) ) )
ppm, without SCR ) ’

Informational 1x1 GE |Dual Fuel, with SCR - - $219.32 $232.91 $390.08 $258.72
7HA.02 CC Gas Only, with SCR $197.58 $200.82 - - - -
4-hr BESS Battery Storage $201.37 $203.05 $204.63 $211.43 $262.48 $215.49
6-hr BESS Battery Storage $280.67 $283.09 $285.32 $295.14 $356.53 $303.51
8-hr BESS Battery Storage $359.95 $363.13 $366.00 $378.83 $450.57 $391.54




Table 54: Comparison of Preliminary Net EAS Revenues by Technology ($2021/kW-year)

Net EAS ($/kW-Year)

G - Hudson | G - Hudson
Technology Emizl;?;:‘ép:ritrol C - Central | F - Capital Valley Valley )= N(e:‘i"t' WS KI;II;z:g
(Dutchess) | (Rockland) y
3%0 Siemens SGT-A65 Dual Fuel, WIth SCR - - $38.80 $44.75 $43.31 $60.97
Gas Only, with SCR $43.53 $34.80 - - - -
1x0 GE 7F .05 Dual Fuel, W'Ith SCR - - $37.92 $48.67 $43.37 $61.98
Gas Only, without SCR $45.91 $33.41 - - - -
Dual Fuel, tuned to 25 - - $36.25 $48.77 $42.83 $62.27
ppm, with SCR
1x0 GE 7HA.02
Gas Only, tuned to 15 $42.41 $31.79 ) ) } )
ppm, without SCR ’ i
Informational 1x1 GE |Dual Fuel, with SCR - - $63.47 $94.66 $87.20 $121.87
7HA.02 CC Gas Only, with SCR $70.04 $61.88 - - - -
4-hr BESS Battery Storage $51.23 $53.25 $55.11 $54.41 $55.50 $67.33
6-hr BESS Battery Storage $52.25 $53.53 $56.87 $54.85 $56.54 $71.98
8-hr BESS Battery Storage $52.36 $54.13 $57.11 $55.31 $56.98 $73.91

Figure 21: Comparison of Preliminary NYCA 2021/2022 ICAP Demand Curves to Prior ICAP Demand

Curves
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Indepdendent Consultant Study to Establish ICAP Demand Curve Parameters

Figure 22: Comparison of Preliminary G-J Locality 2021/2022 ICAP Demand Curve to Prior ICAP Demand
Curves
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Note:
[112021/2022 Preliminary ICAP Demand Curvesforthe G-J Locality isbased on a peaking plantlocatedin Rockland County location

within Load Zone G.
Figure 23: Comparison of Preliminary NYC 2021/22 ICAP Demand Curve to Prior ICAP Demand Curves
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Indepdendent Consultant Study to Establish ICAP Demand Curve Parameters

Figure 24: Comparison of Preliminary LI 2021/2022 ICAP Demand Curve to Prior ICAP Demand Curves
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VI. Annual Updating of ICAP Demand Curve Parameters

As described above, AGI's demand curve model calculates the RPs foreach Localityand NYCA based input
values for revenue requirements (i.e., ARV), financial parameters, “shape” parameters and other parameters
(WSR, and various capacity values). Outputs of the demand curve model provide the applicable ICAP Demand
Curve parameters for the Capability Year in question and associated financial metrics. These outputsinclude the
gross CONE ($/kW-year), net EAS revenues ($/kW-year), ARV ($/kW-year and total $/year), ICAP monthlyRP
($/kW-Month), ICAP Demand Curve maximum clearing price ($/kW-Month), and ICAP Demand Curve length (%).

ICAP Demand Curves will be updated annuallybased the updatingof(1) gross CONE, (2) netEAS revenues,and
(3) the WSR. Updates to gross CONE and netEAS revenues will be based on the data and models discussed in
Sections llland IV, and described in greater detail below.

Table 55 contains a summaryofthe factors usedin the ICAP Demand Curve calculations, with an indication of
data source and whetherornot they are updated annually (items in BOLD are updated annually).

Table 55: Overview of ICAP Demand Curve Annual Updating

(Iltems in bold print are to be updated during each Annual Update)

Factor Used in Annual Updates for Each ICAP Demand Curve Type of Value

ICAP Demand Curve Values

Zero-crossing point Fixed for Quadrennial ResetPeriod

Reference PointPrice Calculation

Peaking PlantNetDegraded Capacity Fixed Value (Fixed for Quadrennial
ResetPeriod)

Peaking Plant Summer Capability Period Dependable Maximum Net Fixed Value (Fixed for Quadrennial

Capability(DMNC) ResetPeriod)

Peaking PlantWinter CapabilityPeriod DMNC Fixed Value (Fixed for Quadrennial
ResetPeriod)

Installed CapacityRequirements (IRM/LCR) Fixed Value (Fixed for Quadrennial
ResetPeriod)

Monthly Available Capacity Values for Use in Calculating WSR NYISO Published Values

The NYISO will postupdated ICAP Demand Curve values on or before November 30" of the calendar year
immediately preceding the beginning ofthe Capability Year for which the updated ICAP Demand Curves will apply.

A. Annual Updates to Gross CONE

An elementofannual updatesis the update ofgross CONE. In each year, the gross CONE of each peaking plant
will be updated based on a state-wide, technology-s pecific es calation factor representing the cost-weighted
average of inflation indices for four major plantcomponents: wages, turbines, materials and components, and
othercosts. The growth rate for all indices is a ratio of (1) the mostrecentlyavailable data as of October 1 in the



year priorto the start of the Capability Year for which the updated ICAP Demand Curves willapplyand (2) the
same data values fortime periods associated with the mostrecentfinalized data available foreach indexas of
October 1 ofthe calendar yearin which the NYISO files the results ofa DCR with the FERC (i.e., October 1, 2020
in the case of this DCR), minus one.%

Thus, in each year, the annual composite escalation rate is calculated as:

Annual Composite Escalation , = Y{_,(weight,) (ﬂ - 1) (9)

Indexi pcRryear
The cost-componentweighting factors are calculated for each peaking planttechnologyreflecting each
component’'s share of total peaking plantinstalled capital costs. Table 56 provides the (publiclyavailable)indexto
be used formeasuringchanges overtime for each costcomponent, and each component's relative weight for
each peaking planttechnology. The same weighting factors and indices will be used over the resetperiod, but the

values resulting from the indices will be updatedannuallybased on the indices and componentweights described
in Table 56.

The composite escalation rate (and the rate associated with the general component thereof) will be updated
annuallyusing data published byindices as of October 15tof the year priorto the startof the Capability Year to
which the relevant ICAP Demand Curves will apply. For future annual updates, Gross CONE values are adjusted
by applying the composite escalation rate to the gross CONE values underlying the ICAP Demand Curves for the
2021/2022 Capability Year (i.e., the first Capability Year covered by the four year duration ofthis reset period).




Table 56: Composite Escalation Rate Indices and Component Weights, by Technology (2021-22 Capability Year)

Cost Calculation Growth Component Weight, by Technology
Component Index nterval | ofindex | "Rate | SGT-A65WLE | GE 7F.05 1x0 fsi::"m 1x0 fsi::“'oz 8000J CC | BESS 4h | BESS 6h | BESS 8h
BLS Quarterly Census of Employment
Construction and Wages, New York - Statewide, Most recent
NAICS 2371 Utility System Annually 4.07% 22% 33% 27% 24% 37% 16% 16% 16%
Labor Cost . X . annual value
Construction, Private, All Establishment
Sizes, Average Annual Pay
BLS Producer Price Index for Average of
Commodities, Not Seasonally Adjusted, finalized
Materials Cost |Intermediate Demand by Commodity Monthly |February, 1.35% 28% 21% 23% 19% 28% 16% 14% 13%
Type (ID6), Materials and Components March, April
for Construction (12) values
BLS Producer Price Index for Average of
Gas and Commodities, Not Seasonally Adjusted, finalized
Steam Machinery and Equipment (11), Monthly |February, 4.65% 28% 20% 26% 32% 11%
Turbine Cost |[Turbines and Turbine Generator Sets March, April
(97) values
. Average of
BLS Producer Price Index for finalized
Storage Commodltles, Not Seasonally Adjusted, Monthly |February, 0.37% 539% 55% 57%
Battery Costs |Machinery and Equipment (11), March, April
Storage Batteries (7901) ’
values
Bureau of Economic Analysis: Gross
GDP Deflator |20mestic Product implicit Price Quarterly [MOStrecent |4 540, 22% 27% 24% 25% 24% 16% 15% 15%
Deflator, Index 2009 = 100, Seasonally Q2 value ’
Adjusted
Composite Escalation Rate 2.84% 2.86% 2.91% 3.02% 2.711% 0.85% 0.81% 0.78%




B. Annual Updating of Net EAS

1. Updating Approach and Timing

Net EAS revenues will be recalculated annuallyusing the same net EAS revenues model used to estimate net
EAS revenues forthe 2021/2022 Capability Year, but model inputs wouldincludethe mostrecentthree-year data
available for Energy and reserve market prices, fuel prices, emission allowance prices, and Rate Schedule 1
charges. Other peaking plantcosts and operational parameters (e.g., heatrate, variable O&M costs) needed to run
the model and the LOE-AFs would not be updated for the purposes ofannual recalculation ofnet EAS revenues.

Table 57 contains a summaryofthe factors used in the net EAS calculation, with an indication of data source and
whetherornot they are updated annually(items in bold are updated annually).

Table 57: Overview of Treatment of Net EAS Model Parameters for Annual Updating

(Items in bold print are to be updated during each Annual Update)

Factor Used in Annual Updates for Each ICAP Demand Curve Type of Value

Net EAS Revenue Model, including Commitmentand Dispatch Logic Fixed for Quadrennial ResetPeriod

Peaking plantPhysical Operating Characteristics, including starttime Fixed for Quadrennial ResetPeriod

requirements, start-up costminimum down timeand runtime

requirements, operating hours restrictions and/or limitations (ifany),

heatrate

Energy Prices (day-ahead and real-time) NYISO Published Values

Operating Reserves Prices (day-ahead and real-time) NYISO Published Values

Level of Excess AdjustmentFactors Fixed for Quadrennial ResetPeriod

Annual Value of other ancillaryservices notdetermined bynet EAS Fixed Value (Fixed for Quadrennial

Model (e.g., voltage supportservice) ResetPeriod)

Peaking plantprimaryand secondary(if any) Fuel Type Fixed for Quadrennial ResetPeriod

Fuel tax and transportation costadders Fixed Value (Fixed for Quadrennial
ResetPeriod)

Real-time intradaygas acquisition premium/purchase discount Fixed Value (Fixed for Quadrennial
ResetPeriod)

Fuel Pricing Points (e.g., natural gas trading hub) Fixed for Quadrennial ResetPeriod

Fuel Price Subscription Service Data
Source or Publicly Available Data
Source

Peaking plantVariable Operating and Maintenance Cost Fixed Value (Fixed for Quadrennial
ResetPeriod)




Peaking plant CO, Emissions Rate

Fixed Value (Fixed for Quadrennial
ResetPeriod)

CO2 Emission Allowance Cost

Subscription Service Data
Source or Publicly Available Data
Source

Peaking plantNOx Emissions Rate

Fixed Value (Fixed for Quadrennial
ResetPeriod)

NOx Emission Allowance Cost

Subscription Service Data
Source or Publicly Available Data
Source

Peaking plant SO, Emissions Rate

Fixed Value (Fixed for Quadrennial
ResetPeriod)

SO Emission Allowance Cost

Subscription Service Data
Source or Publicly Available Data
Source

NYISO Rate Schedule 1 Charges

NYISO Published Values

NYISO will collectLBMP and reserve price data for the three-year period ending August 31stof the year priorto the
Capability Year to which the updated ICAP Demand Curves will apply. Similarly, public data sources for fuel prices
and emission allowance prices will be collected and processed forthe same time period. This data would then be
run through the net EAS revenues model to determine new net EAS revenues for the peaking plantfor the

upcoming Capability Year.

Updated netEAS revenues values would be combinedwith updated gross CONE values to establish the RPs and
ICAP Demand Curve parameters for NYCA and each Locality by November 30" ofthe year preceding the
beginning ofthe Capability Year to which the updated ICAP Demand Curves willapply.
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