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Comments of the
New York Independent System Operator
On
New York State Department of Environmental Conservation’s
Proposed Revisions to NO, RACT Regulation
6 NYCRR Subpart 227-2

l. Introduction

The New York Independent System Operator, Inc. (“NYI1SO”) is the not-for-
profit corporation responsible for operating New York’s bulk electricity grid, providing
non-discriminatory access to transmission service and administering wholesale markets
for electricity and transmission products in New York. The NYISO is pleased to
comment to the New York State Department of Environmental Conservation (“DEC”) on
its proposed revisions to 6 NYCRR Subpart 227-2, Reasonable Available Control
Technology (RACT) For Oxides of Nitrogen (NOx). The DEC is proposing revisions to
lower the presumptive RACT emission limits for very large boilers, large boilers, mid-
size boilers, and small boilers and to require a case-by-case RACT analysis for
combined-cycle combustion turbines. The proposed revisions also contain new reporting
and compliance requirements for simple cycle turbines and include new shutdown and
system averaging compliance requirements.

The NYISO, with its consultants GE Energy Applications and Systems
Engineering and GE Energy Boiler Optimization Services (collectively “GE Energy

Services”), conducted a study to determine whether overall compliance with the proposed
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NOy RACT rule was viable for New York’s generation owners, to estimate the emissions
and economic impacts resulting from the revised regulation, and to evaluate the potential
impact of compliance on system reliability. A public copy of the study report,
Assessment of Proposed NOx RACT Regulations on Emissions, Costs of Electricity and
Electric System Reliability (NOx RACT Study), which was prepared by GE Energy
Services with NYISQO’s assistance, is attached to these comments.

In summary, the NOy RACT Study indicates that New York’s generation fleet can
comply with the new NOx RACT revisions being proposed by DEC, if the assumptions in
the analysis remain valid, although some retirements can be expected. New York can
maintain a reliable electric system during New York’s transition to the proposed
reductions in NOx RACT, however, only if the window within which generation owners
can bring their units into compliance is extended by at least two years — until 2014. In
addition, a detailed compliance implementation schedule must be developed in
coordination with the NYISO for scheduling both the retrofit installation work and for
incorporating unit shutdowns. Unit shutdowns should not be mandated before unit
retrofits can be completed. In order to maintain electric system reliability, unit
availability is critical during the period that units are coming off-line to upgrade their
facilities and sufficient generation to manage these outages must remain available.

As well, the revised system averaging provisions proposed at 6 N.Y.C.R.R. §8
227-2.2(b)(12), (14) and 227-2.5(b), which will play a critical role as a compliance
option, need to be clarified and further revised to expand compliance opportunities during
outages of one or more units complying through emission averaging. Without these

modifications to DEC’s proposal, generation capacity that is needed to meet the peak
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load conditions in New York could be summarily shut down, jeopardizing New York
electric reliability. These points are discussed in greater detail below.

In addition to this NOx RACT Study, the NY1SO has previously conducted
scenario analysis within its Comprehensive Reliability Planning Process and Reliability
Needs Assessments for 2008 and 2009 that assessed the DEC’s preliminary proposal for
more stringent NOx RACT limits and the corresponding reliability impacts. The NYI1SO
has shared the results of these studies and appreciates the consideration given to them by
the DEC staff in developing the proposed revisions to NOx RACT regulations. The
results and conclusions from these earlier reliability scenarios also demonstrated that
without compliance plan flexibility, these more stringent NOx RACT limits could result
in capacity that is needed to meet the peak load conditions in New York shutting down

without adequate replacement capacity becoming available.

1.  The NOyRACT Study Approach

The GE MAPS™ program was used in this study to simulate the operations of the
NYS Power System for the six study years, 2010 through 2015. The simulations used the
NYISO’s basecase developed for the 2009 Congestion Assessment and Resource
Integration Study (“CARIS”) with updated NOx emission curves developed for each
affected unit. For each study year, the operation of units on the peak-load day, top-25
peak days and during the ozone season were analyzed to determine a typical peak-day
operation. The 24-hour, heat-input, weighted-average emission rate, and the fuel

consumption (mmBTU) for each generator were calculated for the typical peak-day.

! In identifying Load Zones at risk from loss of capacity, the NYISO’s 2009 Reliability Needs Assessment
determined that a loss of only 500 MW to 750 MW in Load Zone J (New York City) would cause
reliability criterion to be violated.
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These emission rates were used in evaluating generators for compliance with the
proposed limits. Individual generating units were compared against the applicable
presumptive RACT limits. The analysis found a generator in compliance with the
proposed NOy RACT rule if its peak-day emission rate fell below the proposed
presumptive limits. If a typical peak-day emission rate for a unit was higher than the
presumptive limit, GE Energy Services evaluated the options of retrofitting or upgrading
NOy abatement controls or switching to a fuel that would result in lower NOyx emission
rate, in order to comply.

For purposes of the NO, RACT Study, the emission control retrofit or fuel
switching compliance plan options was selected for a unit only if it was determined to be
technically possible for the unit to implement a emission control technology that brought
the emission rate below the applicable presumptive limit and the emission control retrofit
passed the economic reasonability test developed by DEC in Air Guide 20. The affected
units that could not meet the RACT limits through fuel switching and equipment retrofits
were flagged as requiring a case-by-case DEC RACT determination, but were otherwise
not evaluated further unless they were considered in part of a system averaging plan.

GE Energy Services grouped generating units by ownership and the non-
attainment area classification for evaluation under the system averaging plan option.
Each unit in a group was evaluated for emission control retrofits when determining the
system averaging compliance plans in order that the heat-input, weighted-average daily
emission rate of all the generators in the same group fell below the calculated system
average RACT limit. GE Energy Services assumed that the allowable emission rates for

units in a system averaging plan were unaffected by forced or planned outages of other
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units within the same system averaging plan. The study did not evaluate system
averaging plans that would extend across ownership groups, although this new approach
to regulating emissions holds promise to reduce costs and improve reliability and should
remain in the final regulation.

The study also assessed the market viability of the retrofit emission control
technologies and compliance plans selected for all the affected units in New York, except
those that had been flagged for a case-by-case DEC RACT determination. The DEC Air
Guide 20 reasonableness test evaluated the economics of reducing a unit’s Potential to
Emit NOy for all 8,760 hours in the year. Therefore, the results of the DEC test provided
a limited perspective on the possibility that a unit will continue to operate under the
revised limits. The additional market viability assessment evaluated the economics of the
emission controls and compliance plans when compared to a typical year of operation for
each unit. An additional MAPS simulation, that included the compliance plans and
retrofit technology identified by GE Energy Services for each unit, compared annualized
total cost of emission control retrofit against annual net energy margin realized. The
retrofit was deemed to meet the market viability test when annual net energy margin was
positive after accounting for the annualized total cost of the unit’s compliance plan. The

conclusions of this additional market viability test are discussed later in this Report.

1. Summary of NO, RACT Study Findings

GE Energy Service’s unit-by-unit analysis in the NOx RACT Study indicated that
new emission control processes and equipment retrofits were technically feasible for the
vast majority of units. Seventy-two units, or 9500 MW of capacity, were identified as

needing some type of control mechanism or equipment retrofit to comply with the revised
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limits. However, the study estimated that retrofits on only 88% of these units, or 8,400
MWs of capacity, would meet the DEC’s economic reasonableness test, as outlined in its
Air Guide 20, and pass the supplemental market viability test employed in the study.

The regulatory compliance options selected in the NOy RACT Study for unit-
specific and system-wide compliance determinations are based on limited information,
and therefore only reflect what may be technically possible. The NYISO expects that
generation owners could, in fact, choose different regulatory compliance options —
including unit shutdowns — based upon generator-specific, site-specific and owner-
specific circumstances. Further, GE Energy Services did not conduct a complete
financial viability evaluation for individual generators affected by the proposed rule.

While the NOy RACT Study concluded that retrofits were technically possible for
a significant amount of generation, it also found that it was highly unlikely that
compliance retrofits could be reliably completed by July 1, 2012. Permitting,
engineering, financing, and constructing an emissions control retrofit on a single
generating facility would be a two-year process. In this instance, the outages necessary to
install retrofits on a multitude of facilities, once the retrofits have been permitted,
engineered and financed, need to be finely sequenced to maintain system reliability by
ensuring that sufficient generation remains available. The NOxRACT Study estimates
that the sequence of outages to install the emission control retrofits will take at least an
additional two years. Multiple large unit outages can only be scheduled in the non-
summer months.

The NO, RACT Study also found that a significant amount of generating capacity

could comply with the proposed new NO, RACT rule through the use of a system
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averaging plan. Fleet owners were assumed to over-control emissions on a small number
of larger resources allowing their smaller, peaking-type units to comply with the revised
RACT limits without installing emission control equipment. The system averaging
assessed in the study only captured weighted average emission rates under typical system
conditions. While the study indicates that system averaging plans will be required to
maintain reliability under normal operating conditions on the NYS Power System, the
DEC must provide for flexibility in its regulations to address the dynamic operational
conditions and reliability requirements of the electric transmission grid.
Recommendations on improving the system averaging provisions of DEC’s rule are
provided later in this Report.

The MAPS analysis in the NOx RACT Study shows significant peak day
emission reductions with these retrofits in place. Peak-day NOy emissions are reduced
from 273 tons to 222 tons, which is nearly a twenty percent reduction over the no action
alternative. The emission reduction that occurs in the top 25 peak days, the ozone season
and annually are 22%, 27% and 28% respectively.

The MAPS simulations also indicate that there are no significant changes in
amount of energy generated, annual NYCA production cost or the unit energy price as a
result of proposed RACT regulations. In general, this is due to the fact that the increase
in variable cost of operating the emission controls is offset by the reduction in operating
costs associated with the purchasing of NO emission allowances.

A number of uncertainties, however, require that these conclusions be treated only
as possible outcomes. The model simulated the manner in which the system would be

expected to respond based on the assumption that the input information was perfect and
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that no other issues such as unit retirement, etc., needed to be considered. The study
chose regulatory compliance options for generator owners under the revised NOy RACT
rule that appeared technically feasible, but made these choices with limited information.
The NYISO expects that generation owners could choose different regulatory compliance
options, including unit shutdowns.

In addition, several evolving regulatory requirements, such as Best Available
Control Technology (BACT), Maximum Available Control Technology (MACT),
additional and/or more stringent NAAQS, 316b requirements, and Ash Classification,
will likely impact many of the emission sources identified for NOy RACT retrofits. The
cumulative impact of these impending regulatory developments on generator investment
choices is not addressed in the NOy RACT Study, nor does the analysis attempt to
maximize the investment strategy for a range of future system conditions, such as 30%
RPS, 15x15 and lower load growth due to economic recession. Given these other
considerations, it is reasonable to expect plant owners to choose compliance options that

differ from the RACT selections made in this study.

IV. Recommendations

A. Extend the Compliance Schedule to Maintain Reliability

Implementation of the revised NOx RACT rule through generator retrofits, system
averaging or retirements must occur in a manner and on a schedule that will ensure
continued reliability of the NYS Power System. The NOy RACT Study indicates that
reliability concerns will arise if units are required to install retrofits or shut down within

the proposed two-year regulatory timeframe.
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The revised regulation requires sources to submit applications for a permit or
permit modification no later than January 1, 2011 and to be in compliance with the
revised RACT limits by July 1, 2012. The NOx RACT Study demonstrates that retrofits
on 9,500 MWs of capacity will likely be required to comply with the revised presumptive
RACT limits. It will simply not be possible for owners to develop their compliance plan,
secure the regulatory permitting approvals, obtain the necessary financing, procure the
retrofit technology and install the retrofits to come into compliance with the revised
regulation by July 1, 2012.% Attempting to do so may jeopardize system reliability. As
such, the implementation timeline that is currently proposed by the DEC must be
extended. A more reasonable and achievable compliance timeframe would call for full
implementation of retrofits by the end of 2014.

In addition, the firm deadline of October 1, 2010, for a federally enforceable
permit condition committing to a compliance shutdown option should also be extended
through the end of 2012. Such an extension will allow these units to remain available
while outages for units conducting retrofits are scheduled, thus ensuring full operational
flexibility during the compliance period. The regulation should also allow the shutdown
commitment to extend into 2015 for any unit that may be needed for system reliability.
This would be consistent with the two to three years of continued operation from the date
of the shutdown commitment discussed in the DEC’s Regulatory Impact Statement for

the proposed rule changes.

% These retrofits are time consuming, and as estimated by GE Energy Services in the attached study report,
will likely require outages approaching two months for each retrofit for a large number of affected units. In
addition, GE Energy Services estimates that the permitting and preconstruction activities for these types of
retrofits will require a minimum of two years. This timeline assumes that the appropriate engineering
resources are available to conduct these retrofits and does not factor in regulatory uncertainty with regard to
the permitting process.
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Extending the compliance timeframes, however, for both the submission of the
necessary permit applications and to achieve compliance with the applicable RACT
limits is not enough. It is essential that a detailed compliance implementation schedule be
developed in coordination with the NY1SO. This will be required for scheduling both
retrofit installation work and unit shut downs in order to maintain reliability of the NYS
Power System.

Incorporating scheduling flexibility for generator compliance, whether through
retrofit or retirement, will also allow New York the opportunity to develop reasonable
responses to unanticipated system changes while maintaining the scheduled NOx RACT
implementation. Unanticipated changes to the electric system, such as generator
retirements for reasons unrelated to the revised regulations, forced outages, disruptions in
fuel supplies, or more rapid load growth than forecasted due to a faster economic
recovery can come on at short notice and require immediate responses. A reasonable
NOx RACT implementation schedule will enhance New York’s ability to manage
unexpected system conditions appropriately without revisiting a stricter schedule at that

time.

B. Changes to System Averaging Plan Provisions Required

The DEC proposes to expand the current system averaging compliance options
provided in the existing NOx RACT regulations to provide additional flexibility. While
the NYISO supports expanding the application of system averaging plans, the revised
rule makes additional changes that are unclear and create regulatory uncertainty. For
example, the proposed rule includes a new term “[w]eighted average permissible

emission rate” which is defined as the “average emission rate of all operating emission
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sources in a system averaging plan where the emission rate of the emission sources in
operation is equivalent to the emission rate achieved if each emission source operated in
compliance with the most stringent permissible emission rate applicable to that emission
source.” The regulation is unclear in describing what constitutes the most stringent
permissible emission rate applicable to each emission source. The NYISO recommends
that DEC clearly provide for flexibility in determining weighted average permissible
emission rates applicable to a system averaging plan and suggests that these be
established on a case-by-case basis considering the existing unit-specific emissions and
operational performance data. The revised section 227-2.5(b)(2), which requires that
“[a]ll emission sources that participate in the system averaging plan must be covered by a
presumptive RACT emission limit that is set forth in section 227-2.4 of this Subpart,”
will also limit the flexibility that is intended to be provided by the system averaging
compliance option. Sources that are not covered by a presumptive RACT limit should
be allowed the option to comply with the revised rule through a system averaging plan.
The revised section 227-2.5(b)(4) provides for an adjustment to the weighted
average permissible emission rate in the event of a forced outage placing a emission
source out of operation. The provision provides that the “adjusted emission rate will be
deemed in compliance for the period of the forced outage.” This language is also
unclear. The NYISO recommends that the regulatory language be revised to expressly
provide that the allowable emission rates for units participating in a system averaging
plan are not changed by the outage of another unit in the plan. The regulation could also

provide for a qualifying waiver from compliance during forced and planned outages and
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when specific units that are covered in a system averaging plan are required to operate to
address a statewide or local reliability issue.

If specific waiver language is not provided for, the system averaging provisions,
at a minimum, must be revised to expressly allow for the continued operation of all
remaining units in a system averaging plan with no change to the emission rates
applicable to each unit when one or more over-controlling units within that plan are not
available for service due to forced or planned outages. For illustrative purposes, assume
an owner of two identically sized generating plants chooses to install emission control
technology on one unit that results in sufficient emission reductions and allows both units
to comply with the revised RACT requirements through a system averaging plan. Further
assume the unit with the additional controls emits NOy at the rate of 0.1#NO,/mmBTU,
the second unit emits at the rate of 0.2 # NOx /mmBTU and the presumptive limit is
0.15# NOx /mmBTU. When both units operate at similar loads the system average is
0.15# NOx /mmBTU and both units are in compliance. The reliability issue arises when
the unit with extra controls is not available due to either a forced or planned outage. The
system averaging rule employed in the NOx RACT Study assumed the second higher
emitting unit, which continues to operate at 0.2# NO, /mmBTU, remains in compliance
with NOx RACT. If the study had assumed that the second unit was also removed from
service for the duration of the outage of the first unit, it would have resulted in significant
violations of NYCA reliability criteria. This important distinction is directly linked to the
“Reasonableness” of Reasonably Available Control Technology System Averaging

Plans.
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V. Conclusion

The NYISO recommends that the timeframes proposed in the NOx RACT
revisions should be extended by at least two years. Managing the implementation of
retrofit-based and unit shut down compliance plans in a manner that maintains reliability
can only occur if a timeframe is adopted that allows reasonable flexibility for scheduling
retrofits and incorporating unit shutdowns. As well, the NYISO should be involved in
coordinating schedules for retrofits and shutdowns in order to avoid reliability issues.

In addition, the proposed regulatory requirements of a system averaging plan
compliance option must be designed to allow for the continued operation of all remaining
units that are part of a system averaging plan when some units of that plan are not
available for service due to forced or planned outages. Specifically, for the duration of
these outages, the regulation needs to provide for the continued operation of the higher
emitting units at the same emission rate that the unit was required to achieve prior to the
outage of the other unit in the system. Requiring the system averaging to achieve the
same emission rate when the lower emitting units are not in service will likely not be
possible. The owner of the effected system would then remove the entire system from
service rather than violate the regulation. Removing large groups of units from service

simultaneously will result in serious threats to the reliable operation of the grid.
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Foreword

This document was prepared by General Electric International, Inc. acting through its
GE Energy Applications and Systems Engineering (EASSE) business in Schenectady,
NY. It is submitted to the New York Independent System Operator.
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Legal Notices

This report was prepared by General Electric International, Inc. (GEIl) acting through
its GE Energy Applications and Systems Engineering (EA&SE) business, as an account
of work sponsored by the New York Independent System Operator (NYISO). Neither
NYISO nor GEll, nor any person acting on behalf of either:

1. Makes any warranty or representation, expressed or implied, with respect to the
use of any information contained in this report, or that the use of any information,
apparatus, method, or process disclosed in the report may not infringe privately
owned rights.

2. Assumes any liabilities with respect to the use of or for damage resulting from the
use of any information, apparatus, method, or process disclosed in this report.

Copyright © 2006 GE Energy. All rights reserved

NOTICE OF CONFIDENTIALITY

This document is for the sole use of the organization to which it is addressed, and
may contain confidential and privileged information. Any unauthorized review, use,
disclosure or distribution is prohibited. If you have received this document in error,
please return to sender or, if you have received an electronic copy of this document,
please notify sender and destroy the electronic document.
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1 Introduction

The New York State Department of Environmental Conservation (NYSDEC) has announced its
intention to revise 6 NYCRR Subpart 227-2, its regulations to control emissions of Nitrogen Oxides
(NOx), to include new emission limitations for coal, oil and gas fired boilers as major facilities,
including fossil fueled generating plants. The purposes of NYDEC's revisions are to define
presumptive limits and to promulgate procedures for Reasonably Available Control Technology
(RACT). Sources subject to the new emission limits must demonstrate compliance by July 1, 2012,
unless they choose to utilize the shutdown compliance provision. This rulemaking proposal is a
component of the State Implementation Plan (SIP) for New York State and will be part of the SIP that
will be submitted with respect to the 2008 ozone national ambient air quality standard. These
regulations are known as NOx RACT regulations.

The proposed NOx RACT regulation lowers the emission limits for very large boilers, large boilers,
mid-size boilers, and small boilers, and requires a case-by-case RACT analysis for combined
cycle/cogeneration combustion turbines. For example, for large boilers that use gas as the fuel, the
NOx emission rates are being lowered from 0.20 Ib/MMBTU to 0.08 Ib/MMBTU. Compliance with the
presumptive RACT limits can be achieved by direct application of emission limits on the emission
source, the use of flexibility mechanisms such as switching fuels or participation in a system-
averaging plan, a commitment to shut down the emission source, or case-by-case RACT
determinations. Compliance with the emission limits must be determined on a 24-hour heat input-
weighted average basis. Daily, annual, or 30-day caps on emissions are not a compliance option.
Additional information about the proposed NOx RACT regulations can be obtained from New York

State DEC's website 1,

The proposed NOx RACT regulations will likely result in some generating plants either adding or
modifying their emission controls or in the worst case, shutting down in order to comply. This will in
turn have an impact on the cost of electricity and the reliability of the New York Electric Power
System. The New York Independent System Operator (NYISO), which is responsible for maintaining
the reliability of the New York grid and operating the energy markets retained General Electric’s
Energy Applications and Systems Engineering (EA&SE) to determine the feasibility of applying RACT to
NYCA Generating Fleet and a reasonable schedule to implement the emission control retrofits. The
findings of this study are discussed in this report.

It should be mentioned at the outset that the purpose of this study is to determine a feasible
compliance plan for each generation owner and evaluate the impact of this plan on the reliability of
the system under a given set of assumptions. This study does not attempt to capture the investment
strategies of generation owners which will be driven by additional evolving regulatory requirements
such as Best Available Control Technology (BACT), Maximum Available Control Technology (MACT),
316b, NAAQS, and Ash Classification, nor does it attempt to maximize the investment strategy for a
range of future system conditions, such as 30% RPS, 15x15 and lower load growth due to the
economic recession. Given these other considerations, it is reasonable to expect some plant owners
to choose compliance options that are different from the RACT selections made in this study.

1 http://www.dec.ny.gov/regulations/propregulations.html
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2 Executive Summary

The New York State Department of Environmental Conservation (NYSDEC) has announced its
intention to revise 6 NYCRR Subpart 227-2, its regulations to control emissions of Nitrogen Oxides
(NOx). The proposed NOx RACT regulations will likely result in some generating plants either adding
or modifying their emission controls or in the worst case, shutting down in order to comply. This will
in turn have an impact on the cost of electricity and the reliability of the New York Electric Power
System. The objective of this study is to determine the feasibility of applying RACT to the NYCA
Generating Fleet and a reasonable schedule to implement the emission control retrofits. This study
does not attempt to capture the investment strategies of generation owners which will be driven by
additional evolving regulatory requirements such as Best Available Control Technology (BACT),
Maximum Available Control Technology (MACT), 316b, NAAQS, and Ash Classification, nor does it
attempt to maximize the investment strategy for a range of future system conditions, such as 30%
RPS, 15x15 and lower load growth due to economic recession.. Given these other considerations, it is
reasonable to expect some plant owners to choose compliance options that are different from the
RACT selections made in this study.

The GE MAPS™ program was used in this study to simulate the operations of the New York system
under future system conditions. The operation of units on the peak-load day, top-25 peak days and
the ozone season were analyzed to determine a typical peak-day operation. The 24-hour, heat-
input, weighted-average emission rate, and the fuel consumption (MMBTU) for each generator were
calculated for the typical peak-day. Since the RACT regulations allow averaging as one of the
options for generators to comply, this was factored into the analysis. Generating units that are under
the same ownership and in the same nonattainment area classification were allowed to use the
averaging option whereby the heat-input, weighted-average daily emission rate of all the generators
that are in the same group was checked for compliance.

A generator will be deemed to be in compliance if its peak-day emission rate is below the proposed
presumptive RACT limits. If a generator's peak-day emission rate is higher than the limit, it would
have the option of retrofitting or upgrading NOx abatement controls or switching to a fuel that will
result in lower NOx emission rate. The decision to retrofit will depend on the technical feasibility of
implementing an emission control technology and whether or not it passes the economic
reasonability test imposed by the NYSDEC. A generator also has the option of shutting down if
achieving the RACT limit is not technically feasible, or if the cost of retrofitting is above NYSDEC's
reasonability threshold. There is also a provision in the regulation for a case-by-case determination.
In addition, generating units that are under the same ownership and in the same nonattainment
area classification can use the system averaging option whereby the heat-input, weighted-average
daily emission rate of all the units that are in the same group is checked for compliance.

A total of 72 units or 9515 MW of capacity was identified as needing some type of control
mechanism or equipment modification to comply with the proposed standard. One or more control
mechanisms and/or equipment modification were found to be technically feasible for all 9515 MW of
identified capacity. Out of this, only 11 MW of capacity that required some form of emission controls
was above NYSDEC's RACT threshold of $5,500/ton of NOx removed. The MAPS analysis showed that
the suggested control mechanism or equipment modification would be economically viable for
around 8400 MW of capacity. Out of this, nearly 3700 MW is combined cycle gas turbine capacity,
1100 MW simple cycle gas turbines capacity and 3600 MW is steam turbine capacity.

Nearly 4700 MW of capacity will need short duration outages. These outages correspond to the
implementation of fuel switching, tuning and optimization of existing controls such as Dry Low NOX,
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Selective Catalytic Reduction and Water Injection systems. The outage duration for the remaining
3700 MW will be between 30 and 50 days. These outages correspond to the implementation of Low
NOx Boilers, Over Fire Air, Reburn and Selective Catalytic Reduction.

These outage durations were assumed to be incremental to the normal course for unit maintenance
practices.  The incremental outage durations were reviewed by NYISO staff and compared to
historical outage schedules. It is believed that the incremental outages could be accommodated
within a two-year period without negatively impacting system reliability. This estimate was based on
the assumption that no additional unit retirements take place beyond those identified in the 2009
Reliability Needs Assessment. The two-year period for retrofitting was estimated to begin no earlier
than 2012 as permitting, engineering, and financing would be required prerequisites to the beginning
of construction.

Nearly 3000 MW of capacity that needs emission control mechanisms or equipment modifications is
located in New York City. The permitting and preconstruction activities are estimated to require at
least 2 years, thus these retrofits will not likely be completed by June 1 2012. Depending on the level
of New York City capacity that needs to be retrofitted, and cannot be accomplished prior to July 1,
2012, reliability concerns may arise. The current retrofit compliance deadline is too aggressive, not
reasonably practicable, and has the potential to jeopardize grid reliability. A more reasonable
compliance schedule for retrofitting is estimated to be June 1, 2014 based on a two year retrofit
program beginning no earlier than 2012 as permitting, engineering, and financing would be required
prerequisites to the beginning of construction.

Assuming that the nearly 8400 MW of identified generators install the suggested emission control
mechanisms and equipment modifications, the NOx emissions in New York will be significantly lower.
Simulation results show that the projected peak-day NOx emissions were reduced from 273 tons to
222 tons, nearly a 20% reduction. The reduction in top 25 days, ozone and annual emissions were
22%, 27% and 28% respectively. The energy generated, production cost and wholesale prices in
New York were virtually the same under existing and proposed RACT regulations. In general, this is
due to the fact that the increase in variable cost of operating the emission controls were offset by the
reduction in operating costs associated with the purchasing of NOx emission allowances.
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3 Study Methodology

The objective of this study is to determine the possible actions taken by generation owners in
response to the proposed NOx RACT regulations and evaluate the impact of those actions on the
wholesale prices in New York and reliability of the State’s Electric System. A generator will be
deemed to be in compliance if its peak-day emission rate? is below the proposed presumptive RACT
limits. If a generator’s peak-day emission rate is higher than the limit, it would have the option of
retrofitting or upgrading NOx abatement controls or switching to a fuel that will result in lower NOx
emission rate, in order to comply. The decision to retrofit will depend on the technical feasibility of
implementing an emission control technology and whether or not it passes the economic
reasonability test imposed by the NYSDEC. A generator also has the option to shutdown if achieving
the RACT limit is not technically feasible or the retrofit cost is above the NYSDEC's reasonability
threshold, or go in for a case-by-case determination. In addition, generating units that are under the
same ownership and in the same nonattainment area classification can use the system averaging
option whereby the heat-input, weighted-average daily emission rate of all the units that are in the
same group is checked for compliance. This study did not attempt to evaluate system averaging
across ownership groups which is provided for in the proposed regulation.

The actions that generation owners take in response to the proposed NOx RACT regulation will most
likely have an impact on the economics and reliability of the New York Electric System. The
retirement of generators for which reduction in emissions is not technically feasible or economically
viable, will have an impact on the reliability of the New York Grid. Also, the outage schedule for
implementing the compliance plans of generators that have opted to retrofit or upgrade emission
controls need to be coordinated to ensure sufficient reserve margin in the system at all times.

The methodology used in this study to determine the compliance plan of generators, evaluate the
economic and reliability impacts of their actions and develop a coordinated outage plan is described
in this section. The study methodology is also depicted in the flowchart shown in Appendix B.

3.1 Calculation of Peak-Day Emission Rates using GE-MAPS

As mentioned previously, the NOx RACT regulation is based on the 24-hour, heat-input, weighted
average emission rate of each generating unit. This weighted average emission rate needs to be less
than the presumptive RACT limit for each 24-hour period for a generator to be in compliance. It is
most likely that a generator or a group of generators, and the system as a whole, will have the
highest emission rate on the peak-load day or at least in the top-25 peak-load days. Therefore, the
operation of all the generators on the top-25 peak days, under future system conditions needs to be
simulated to study the impacts of the proposed regulation.

The GE MAPS™ program was used in this study to simulate the operations of the New York system
under future system conditions. GE MAPS simulates a power system from the point of view of a
system operator - performing an N-1 security constrained system dispatch with complete and
detailed transmission modeling. A more detailed description about GE MAPS is available from the
brochure included as Appendix C. The results of the MAPS simulations were also used to calculate
the net energy market revenue for each generator, which is required to evaluate the market viability
of retrofitting or upgrading emission controls. This will be discussed in more detail in Section 3.

2 Peak-day emission rate is defined as the 24-hour, heat-input, weighted-average emission rate on the peak load day
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The economic and reliability impacts of the proposed NOx RACT regulation were studied for a Base
Case scenario and three additional scenarios, which are described in Section 6. The MAPS database
developed for the NYISO Congestion Assessment and Resource Integration Study (CARIS), which is
part of the economic planning process in New York, was used as a starting point for this study3.
Unit-specific NOx emission curves for Ozone and Winter seasons derived from Environmental
Protection Agency (EPA) Clean Air Markets Data (CAMD) were used to improve the generator emission
model in this database. The process used for deriving these emission curves are given in Section 4.2.

Using the CARIS database with the updated NOx emission curves, the Base Case database was
simulated for 6 study years, namely 2010 through 2015. For each study year, the operation of units
on the peak-load day, top-25 peak days and the ozone season were analyzed to determine a typical
peak-day operation. The 24-hour, heat-input, weighted-average emission rate, and the fuel
consumption (MMBTU) for each generator were calculated for the typical peak-day. The emission
rates calculated from MAPS were compared with rates obtained from EPA, NYSDEC and other
sources as a check. The data gathered from EPA, NYSDEC and other sources are described in detail
in Section 4.3 of the report.

3.2 Development of NOx RACT Compliance Plan

The typical peak-day weighted average emission rates obtained from the MAPS simulation were
used in determining the compliance plan for the generators in New York. The flowchart in Appendix
B shows the overall procedure that was employed in developing the compliance plans. Since
generators that are under the same ownership and in the same nonattainment area classification
are allowed to use the averaging option, compliance plans for individual generators as well as
groups of units were developed.

3.2.1 Grouping of Generators for Averaging

Since the RACT regulations allow averaging as one of the options for generators to comply, this was
factored into the analysis. Generating units that are under the same ownership and in the same
nonattainment area classification were allowed to use the averaging option whereby the heat-input,
weighted-average daily emission rate of all the generators that are in the same group was checked
for compliance.

The first step in the NOx RACT compliance plan development process was to identify these groups.
Based on ownership and nonattainment area classifications, nine groups were identified. Most of the
large owners were allowed to average the emission rates of all their generators. However, those who
had generators in two different nonattainment area classifications were allowed to average the
generators within each of the nonattainment areas. For each group, the peak-day emission rate was
calculated using the heat-input, weighted-average of the individual units’ daily emission rates*.

3 Details regarding the MAPS database can be found in the 2009 CARIS report and in Appendix A.

4 An individual unit’s daily emission rate is the 24-hour, heat input weighted average of the hourly emission rates.
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3.2.2 Compliance Plan for Individual Generators

Individual generators are generators that do don’t have the provision of averaging their emissions
with other generators in the system. The process used to determine the compliance plan for
individual generators is given below.

3.2.2.1 Verification of Compliance

The peak-day emission rate of each individual generator calculated from the MAPS simulations was
compared with its proposed NOx RACT limit. For units that did not have a presumptive NOx RACT
limit (i.e. case-by-case determination), the existing NOx RACT limit was used. If a unit's peak-day
emission rate was lower than the limit, then the generator was deemed to be in compliance. If not,

the technical feasibility, reasonableness® and the market viability of various compliance options
were explored as detailed in the sections below.

3.2.2.2 Technical feasibility of Compliance Plan

For the individual units that were not in compliance as determined above, the existing emission
controls were obtained from the NYSDEC and from other sources such as the EPA. Other pertinent
information such as the unit model number (example, 7FA, LM6000 etc.), emission performance
guarantees were obtained from internal GE databases and other sources. Section 4.3 contains more
information about the data sources. Based on the information gathered, the potential emission
control mechanisms or equipment modifications that are technically feasible® for each unit were
determined.

Before recommending emission controls retrofits, care was taken to examine the capabilities of the
existing control technology for each unit. For example, the data gathered from various sources
showed that some gas turbines were already equipped with Selective Catalytic Reduction (SCR), and
or dry low NOx burner (DLN) and or water injection, and some fossil fuel boilers were already
retrofitted with low NOx burners and or over fire air and or SCR. If the existing control technologies
were capable of meeting the applicable limit, but were not performing optimally, the
recommendation from the analysis was to optimize or tune the existing equipment’. For some gas
turbine or combined cycle units that had duel fuel capability and their primary fuel was liquid fuel,
the recommendation was to switch to natural gas as a most cost-effective emission control method.
For the units that needed to add control mechanisms instead of modifications to the existing
equipment, such as optimization, tuning and fuel switching, the potential control technologies were
identified according to the amount of reduction required.

For gas turbine units, three technologies were considered as retrofit options. They are selective
catalytic reduction (SCR), dry low NOx (DLN) and water/steam injection (WI/SI). A brief description of
the three technologies, along with their capital and operation costs, can be found in Appendix D.
SCRs are usually capable of providing 90% NOx reduction. However, the application of SCR requires

5 Reasonableness here implies the economic analysis used by the NYSDEC to determine if a control technology is RACT or not. RACT by
definition is the lowest emission limit that a particular source is capable of meeting by application of control mechanism that is reasonably
available, considering technological and economic feasibility.

6 Technical feasibility does not take into account physical limitation or other local constraints that may make the retrofit infeasible.

7 Tuning and optimization, in general, refer to the following: Online data collection and analysis, performance diagnostics, hardware maintenance
and upgrade, control software upgrade, and fuel/air/reagent flow balancing, etc.
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the ammonia injection into flue gas in a temperature range of 600-750 °F. Meanwhile, the
application generates ammonia slip and waste catalyst. The applicability of an SCR system is
therefore, different from site to site. DLN is a design of the combustor that stages combustion.
Depending on the type of unit, DLN can achieve NOx emissions anywhere between 9 ppm and 25
ppm. Water injection technology injects water or steam into flame to reduce flame temperature and
therefore, thermal NOx. WI can achieve 42 ppm NOx emission. However, injecting water or steam
into flue gas will result in a heat rate penalty. The potential technology recommendations are only
based on achievable NOx reduction efficiencies of each technology.

For steam turbine units, deNOx technologies include combustion modifications, such as low NOx
burners (LNB), over fire air (OFA), and reburn, and post-combustion retrofits, such as selective non-
catalytic reaction (SNCR) and selective catalytic reduction (SCR).  In general, combustion
modifications have lower capital and operating costs, while post combustion retrofits requires higher
capital and operating costs. Low NOx burners are often considered as the first step of deNOx retrofit,
which can bring about a 40 to 50% NOx reduction depending on the type of fuel, boiler design and
initial NOx. OFA stages the air from the burner zone and results in another 30 to 50% reduction.
Reburning uses a portion of fossil fuel as reagent to react with NOx. Together with OFA to complete
combustion, the technology can achieve about 50 to 60% reduction. SNCR is a trim technology and
technically challenging when applied in utility boilers since it is only effective in a narrow temperature
window. SNCR can achieve about 30% reduction. SCR is the most effective NOx control technology
and can remove 90% of NOx. However, its application is often limited by the requirement of space
and high maintenance of the catalyst bed for high efficiency removal.

Appendix C contains more detailed description of the NOx emission control technologies and their
capital and operating costs.

3.2.2.3 Reasonability Test of Compliance Plan

As a part of any RACT determination, an economic analysis needs to be performed to determine if
the proposed control mechanism or equipment modification pass the reasonability test. NYDEC's Air
Guide 208 details the economic analysis procedure used to calculate the total cost of controls per
ton of NOx removed. Appendix E contains a sample economic analysis sheet from the Air Guide. The
NYSDEC has established the upper economic limit for NOx RACT to be $5,500 per ton of NOx
removed?. A facility will not be required to implement any emission reduction or control technique
that is more costly than these limits.

For each one of the control mechanisms or equipment modifications identified in the technical
analysis, the total cost per ton of NOx removed was calculated. Appendix D gives the capital and
variable cost assumptions for each control mechanism or equipment modification used in the
calculation of the total annual cost.

The control mechanism or equipment modification with the lowest cost per ton of NOx removed was
chosen as the potential compliance plan for each generator. Generators for which the cost per ton
of emissions removed is greater than the NYSDEC threshold of $5,500/ton were also identified as a
part of the process. These units would be subject to a case-by-case RACT determination or required
to retire.

8 Air Guide for the Economic and Technical Analysis for Reasonably Available Control Technology.

9 This figure was obtained from the NYSDEC.
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3.2.2.4 Market Viability of Compliance Plan

While the reasonability test discussed above identifies which control mechanism or equipment
modification is considered RACT, it does not necessarily mean that generator owner will implement
that control mechanism. NYSDEC economic analysis is based on the potential of a particular
generator to emit. As such, procedure outlined in the guide assumes that a generator operates all
hours of the year (8760 hours) in calculating the cost of tons of NOx removed, where as, in actual
operations, the generator may not run enough hours to justify the investment.

For the compliance plans that were identified to be technically feasible and reasonable by NYSDEC's
definition, a market viability test was performed using the results of the MAPS simulations. The ability
of the each generator to absorb the cost of the compliance plan was determined. For each study
year, the annualized total cost of the emission control mechanism or equipment modification was
subtracted from the annual net energy marginl®. A positive value indicates that a generator, in the
absence of other considerations, will earn sufficient net margin to be incented to continue to operate.
In this calculation, it is implicitly assumed that the addition of the control mechanism or equipment
modification does not alter the operation of the plant. Another MAPS simulation was performed with
all the compliance plans modeled to verify that net energy sales margins remained positive.

A generator that passes the test will possibly implement the identified control mechanism or
equipment modification. A generator that does not pass the test will need look for other avenues to
comply. The market viability test described above is meant to indicate which generators can possibly
retrofit. It does not attempt to forecast all the sources of revenue for a generation owner. For
example, a generator might derive most of its revenue from the capacity market and may be able to
absorb the retrofit costs even if the net energy margin after including the costs of emission control
mechanism is negative. Conversely, a generator may not derive enough revenues from the capacity
market and may be leaning on profits from the energy market to be made whole. In this instance, a
positive number for the net energy margin (minus the costs of emission control mechanism) may not
indicate the generator's capacity to absorb the costs associated with the emission control
mechanism.

This study does not attempt to capture the investment strategies of generation owners which will be
driven by additional evolving regulatory requirements such as Best Available Control Technology
(BACT), Maximum Available Control Technology (MACT), 316b, NAAQS, and Ash Classification, nor does
it attempt to maximize the investment strategy for a range of future system conditions, such as 30%
RPS, 15x15 and lower load growth due to economic recession. Given these other considerations, it is
reasonable to expect some plant owners to choose compliance options that are different from the
RACT selections made in this study.

3.2.3 Compliance Plan for Averaging Groups

As mentioned before, generating units that are under the same ownership and in the same
nonattainment area classification were allowed to use the averaging option whereby the heat-input,
weighted-average daily emission rate of all the units that are in the same group was checked for
compliance. The process used to determine the compliance plan for averaging groups is given
below.

10 The net energy margin is the revenue made by a unit in the energy market minus all its variable costs of operation.
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For each group that was identified in Section 3.2.1, the peak-day emission rate was calculated using
the heat-input, weighted-average of the individual units’ daily emission rates. The NOx RACT limit for
the group was calculated using the heat-input, weighted-average of the individual units’ RACT limits.
If a group’s weighted-average emission rate was lower than the its weighted-average limit, then the
group as a whole was deemed to be in compliance. If not, the technical, economic feasibility and the
market viability of various compliance options were explored as detailed below.

There are two broad strategies for a group of units to comply with the proposed NOx RACT
regulations. Each generator that is above the limit can be dealt with in isolation, i.e., as in the
individual generator’'s case, the technical and economic feasibility of implementing a control
mechanism or equipment modification for each generator in the group can be investigated in
isolation. The other strategy is to add control mechanisms or equipment modifications to the
generators that have the most impact on the weighted-average emission rate of the group, in order
to bring the group into compliance.  This could mean achieving over-compliance on one or more
large units within the group in order for the group to be within its system average RACT limit. As in
the case of the individual units, the technical feasibility of implementing the desired control
mechanism or equipment modification to one or more units in the group needs to be verified.

An owner of a fleet of generators may choose the averaging option if it is financially a better option
than attempting to bring each unit into compliance. The market viability of the two strategies was
evaluated by comparing the net energy market revenue minus the costs associated with the
implementation of desired control mechanisms or equipment modifications for the group under the
two strategies. The compliance plan associated with the strategy that resulted in a higher value was
chosen.  As before, the market viability is meant to indicate generators for which a retrofit is
possible. It does not attempt to forecast all the sources of revenue for a generation owner.

It should also be noted that the compliance plan determined for groups does not take into account
the impact of forced outages. In other words, the group’s average rate will be below the RACT limit
only if all the units are online, particularly the large, over-complied units that help in bringing the
group average down. In reality, generation owners will need understand the impact of outages under
the proposed regulations and plan for this contingency in coming up with their averaging plan.

3.3 Evaluation of Reliability Impact of Planned Outages

This study also evaluated the impact of potential early retirements for the proposed regulation on
grid reliability. The NYISO currently allows outages to be scheduled on a first come first serve basis,
via the market access portal on its website. These outages are typically scheduled in the shoulder
months, which occur during the spring and fall periods. Planned outages of the nature required to
retrofit environmental control technology are generally precluded from taking place during the peak
Summer Capability period. The NYISO outage-scheduling process is implemented so that a sufficient
reserve margin is ensured at all times.

Outage durations were estimated for units identified as potential candidates for retrofit technology.
These outage durations were assumed to be incremental to the normal course for unit maintenance
practices.  The incremental outage durations were reviewed by NYISO staff and compared to
historical outage schedules. It is believed that the incremental outages could be accommodated
within a two-year period without negatively impacting system reliability. This estimate was based on
the assumption that no additional unit retirements take place beyond those identified in the 2009
RNA. The two-year period for retrofitting was estimated to begin no earlier than 2012 as permitting,
engineering, and financing would be required prerequisites to the beginning of construction.
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4 Baseline System Inputs

This section describes the MAPS database and the sources for other data used in the study. Section
4.1 describes the MAPS database used in the study. Section 4.2 details the changes to the emission
modeling in the MAPS database. Section 4.3 describes the sources for the other data used in the

study.

4.1 CARIS MAPS database

The MAPS database developed for the NYISO CARIS study was used as a starting point for the NOx
RACT analysis. Table 4.1 shows the assumptions and the basis for the assumptions for all the input
categories of the MAPS database. Additional details regarding the MAPS database can be found in

Appendix A.
Table 4.1: CARIS MAPS Database Assumptions
Basis for Recommended
Parameter Modeling for CARIS- NOx RACT Base Assumptions for CARIS-NOx RACT
Cases
Peak Load Forecast as per 2009 RNA Base. Scenarios | Based on CRP Peak Forecast

for other forecasts.

Use 2009 Base Case Energy Forecast

Load Shape Model

Energy Forecast

2002 Load Shape, constant over ten-year
period.

2009 RNA Base Case Forecast

2002 load shape is an appropriate
representation for this analysis. For
base year, use 2002 Load Shape.
Adjusted for Energy Forecast if
needed. Evaluate alternative in future

Load Uncertainty Model

Statewide and zonal model updated to
reflect current data, constant over ten
year period

Base Level Forecast will be used.
Other load uncertainty levels not
evaluated.

Generating Unit | Same as CRP - Per 2009 CRP, updated | Any changes in CRP capacities

Capacities DMNC test values plus units through time to be represented in
CARIS.

New Units As per the CRP and scaled back according | N/A

to procedure (Tariff Attachment Y: Section
11.3.b)

Wind Resource Modeling

Existing units derived from hourly wind
data with average Summer Peak Hour
capacity factor of approximately 11 %.
New units from wind shapes from wind
study.

Typical shape for location as per
MARS and wind studies.

Non-NYPA Hydro | Pondage N/A
Capacity Modeling

Run of River (Hourly)
Special Case Resources Those sold for the program, discounted to | N/A

historic  availability and  distributed
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according to zonal performance.

Assume 15% growth rate for all zones.
Modify load SCR/EOP to proportion
available SCR by load amount by zone.
See SCR determinations in Attachment G.

EDRP Resources

Those registered for the program,
discounted to historic availability (45 %
overall). July & August values calculated
from 2009 July and August registrations.

Need to define costs associated, firm
modifiers vs. price responsive.

External  Capacity - | Based on NYISO forecast. Sensitivity | N/A
Purchases performed to remove contracts and see

the effect on LCR-IRM curve. Results

should not impinge on IRM. Sensitivity with

20 MW MISO wheel through Ontario to

Zone A).
Retirements 2009 Gold Book over ten-year period. As per the CRP.
Planned Outages Per 2009 CRP, based on schedules | As per the CRP.

received by NYISO & adjusted for history.
Constant over ten-year period.

Outage Scheduling

Continue with approximately 150 MW
after reviewing last year’s data...

As per the maintenance schedules in
long term adequacy studies.

Gas Turbines Ambient

Derate

Continue with approximately 150 MW
after reviewing last year’s data, constant
over ten-year period.

Reflected only in summer/winter

ratings.

Environmental Modeling

Externalities

Included in the Base Case and modified in
the scenarios

Any impacts assumed in CRP carried
forward.

Limits on emissions done through
allowances, not hard limits.

Allowances Built into the development of cost curves
of resources. Optimization is cost driven. Allowance cost from Chicago Climate
Futures Exchange.
Commitment and | Each  Balancing  Authority  Commits | N/A
Dispatch Options separately
Hurdle Rates are employed for
Operating Reserves commitment and dispatch...
Operating Reserves as per NYCA

requirements.

Fuel Price Forecast

EIA data obtained quarterly, adjusted for
seasonality on monthly basis, monthly
volatility based on historical patterns.

NYISO to calibrate forecast based on
public information and historical
data.

Cost Curve Development

Developed from Heat Rate Curve, Fuel
Price forecast, environmental adders,
penalty factors.

Allowances from Chicago Climate
Futures Exchange,

Heat Rate development under
discussion. Unit specific heat rates
are confidential and not disclosed.

Heat Rates
NYCA
External Systems

Developed from vendor supplied data and
fuel input data matched with MWh data
for NYCA.
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Local Reliability Rules List and develop appropriate nomograms. | Fuel burn restrictions, operating
restrictions and exceptions,
commitment/dispatch limits.

Energy Storage Gilboa and Lewiston scheduled against | N/A

Gilboa PSH NYCA.

Lewiston PSH

Transmission System

Power Flow Cases As per CRP. N/A

Interface Limits Transfer limit analysis done in RNA/CRP | Based on historical congestion,

for critical interfaces. External system | planning study results, NERC book of

Monitored/contingency limits from input from neighboring | flowgates, PROBE/SCUC list of

pairs systems. active/potential constraints, Special
Protections Systems including Athens
SPS in 2009 and 2010.

Nomograms

Joint, Grouping

Unit Sensitive Voltage

New Transmission | As per CRP. N/A

Capability

Internal Controllable | Optimized in simulation. N/A

Lines (PARs, DC, VFT)

Neighboring Systems

Outside  World  Area | Power flow data from CRP, “production” | N/A

Models data developed by NYISO with vendor and

neighbor input.
Fuel Forecast Linked with NYCA forecast.
External Capacity Firm and grandfathered are included. Neighboring  systems  modeled

Load Forecast

Neighboring systems data reviewed and
held at required reserve margin.

consistent with reserve margins in
the RNA/CRP analysis.

System representation in | HQ modeled as load/generation pair. N/A
Simulation Full Representation/Participation
- NYISO
- NE-ISO
- IESO
- PJMCClassic &
Full Representation: NYISO, NEISO, IESO,
PJM (PJM Classic, AP, AEP, CE, DLCO, DAY,
VP)
Proxy Bus:
HQ-NYISO, HQ-NEISO
Transmission Only/Zeroed Out:
MECS, FE, SPP, MAR, NIPS, OVEC, TVA,
FRCC, SERC, ERCOT, WECC
External Controllable | A,B,C and J,K “wheel” N/A
Lines (PARs, DC, VFT, | Both sets set at 600 min, 1200 max,
Radial lines) imbalance monitored
Norwalk +/- 100 MW
L33,34 - +/- 300 MW
PV20 - 130,0 MW
Neptune and CSC as per CRP firm X 24 hrs,
economy remainder
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4.2 Emission Rate Curves for New York Generators

The GE MAPS database allows the user to model seasonal emission curves for each generator.
Separate emission curves for NOx, SO, CO, and other emissions can be modeled. The emission
curve for each generator is modeled using the average emissions (in Ib/MWh) at each defined power
point. This section describes how generator specific emission curves (in Ilb/MMBTU) were obtained by
the NYISO using the Environmental Protection Agency (EPA) Clean Air Markets Data (CAMD).

Emission rates were calculated for each fossil fuel unit on an individual basis. To begin, hourly Clean
Air Markets Data (CAMD) for NOx emissions provided by the Environmental Protection Agency (EPA)
was divided by thermal input yielding a value in terms of Ilb/MMBTU. These emission rates were
plotted against net generation from the NYISO’s Pi database. Linear and quadratic regressions were
fit to the data for each generating unit. The reduced R-Squared value for each regression was
determined, and the best-fit regression was selected as the emission rate curve to represent the
operations of the unit. In several instances sufficient data was not available to form a regression. In
these situations the rate curve from a unit with similar characteristics was applied to the new unit.

After the curves were completed, NYISO staff analyzed each plant individually to verify their validity.
Power points and corresponding heat rates for each unit were extracted from the NYISO CARIS
database. At each power point the curve was evaluated and multiplied by the heat rate resulting in a
generation based emission rate (lb/MWHh).

It should be noted that the EPA data is reported on a gross generation basis while NYISO Pi data is
based on net generation. Because of this discrepancy some regressions were initially found to be
slightly higher than expected. This was caused by hours when the unit was starting up but not
generating power. These hours contained NOx emissions that were higher than typical operating
conditions. In units where this skewed the data beyond a reasonable margin of error, data below the
minimum generation was excluded, and the regressions were recalculated.

4.3 RACT Limits and Existing Control Technology Data

The data required for conducting this study was obtained from a number of sources including
NYSDEC, NYISO, EPA, Energy Velocity, and GE as listed below.

* Primary and secondary fuel, if applicable, for each generator was obtained from the NYISO
Gold book and verified using the data provided by the NYSDEC.
= Current and future NOx RACT limit for each generator was provided by the NYSDEC

» Historical annual and ozone season NOx emission rates (for available generators) were
obtained from NYSDEC, EPA and Energy Velocity. These were compared against the peak-
day emission rates obtained from the MAPS simulation.

= Existing emission control technology for each unit was provided by the NYSDEC and verified
using data obtained from the EPA.

= Make and model of gas turbine were obtained from GE databases.

GE EASSE 18



5 Findings

The findings of this study are discussed in this section. Section 5.1 discusses the capacity by zone
that will need emission control mechanisms or equipment modifications. Section 5.2 details the
coordinated outage plan for implementing the retrofits. Section 5.3 summarizes the impact of the
proposed regulation on the NOx emissions, energy generation and production cost of the New York
Electric System.

5.1 Capacity by Zone that Need Emission Retrofits

Section 3 described the process used to determine the control mechanisms and equipment
modifications that are necessary to meet the proposed RACT standards. Table 5.1 shows the
capacity!! requiring control mechanisms or equipment modifications by zone. A total of 72 units or
9515 MW of capacity was identified as need some type of control mechanism or equipment
modification to comply with the proposed standard. This is shown in column A of Table 5.1. One or
more control mechanisms and/or equipment modification were found to be technically feasible for
all 9515 MW of identified capacity as shown in column B. Out of this, only 11 MW of capacity that
required some form of emission controls was above NYSDEC's RACT threshold as shown in column C.
The MAPS analysis showed that the suggested control mechanism or equipment modification would
be viable for around 8400 MW of capacity.

Out of the 8400 MW of capacity that will most likely implement a control mechanism or equipment
modification, nearly 3700 MW is combined cycle gas turbine capacity, 1100 MW simple cycle gas
turbines capacity and 3600 MW is steam turbine capacity.

The suggested control mechanisms or equipment modifications fall in four main categories as shown
below. The capacity associated with each category is also given.

= Fuel Switching - 500 MW

» Tuning and optimization of existing controls such as DLN, SCR, WI system - 4250 MW
» Low NOx Burner (LNB), Over Fire Air (OFA), Reburn - 3000 MW

» Selective Catalytic Reduction (SCR) - 650 MW

Table 2 shows the outage duration required to implement the viable control mechanisms and
equipment modifications by zones. The outage duration for nearly MWs of capacity will be relativiey
short. These outages corresponding to the implementation of fuel switching, tuning and optimization
of existing controls such as DLN, SCR and WI systems. The outage duration for the remaining 3700
MW will be between 30 and 50 days. These outages correspond to the implementation of LNB, OFA,
Reburn and SCR.

11 The Capacity values shown here are the Summer Capacity values from the 2009 NY1SO Gold Book.
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Table 5.1: Capacity Requiring Control Mechanisms or Modifications by Super-Zones

Capacity Requiring Technically Feasible RACT Eligible Control | Market Viable Control
Control Mechanisms or | Control Mechanisms or Mechanisms or Mechanisms or
Zone Equipment Equipment Equipment Equipment
Modifications Modifications Modifications Modifications
(A) (B) (C) (D)
ABC 4,035 4,035 4,024 3,050
DEF 1,039 1,039 1,039 932
GHI 1,363 1,363 1,363 1,363
JK 3,078 3,078 3,078 3,078
NYISO 9,515 9,515 9,504 8,423

Table 5.2: Capacity by and outage duration by Super-Zones

Short Outage Outage Duration
Zone Duration (MWs) 30-50 days (MWs)
ABC 1,172 1,879
DEF 876 56
GHI 35 1,328
JK 2,651 428
NYISO 4,733 3,690

5.2 Reliability Impact of Outages due to Emission Retrofits

Outage durations were estimated for units identified as potential candidates for retrofit technology.
These outage durations were assumed to be incremental to the normal course for unit maintenance
practices. The incremental outage durations were reviewed by NYISO and compared to historical
outage schedules. It was estimated that the incremental outages could be accommodated within a
two-year period without negatively impacting system reliability provided there are no remarkable
circumstances. This estimate was based on the assumption that no additional unit retirements take
place beyond those identified in the 2009 RNA. The two-year period for retrofitting was estimated to
begin no earlier than 2012 as permitting, engineering, and financing would be required prerequisites
to the beginning of construction.

Based on the analysis performed, 9515 MWs of generation capacity in New York needs to be
retrofitted; nearly 3000 MWs of this capacity is located in NYC. The permitting and preconstruction
activities are estimated to require at least 2 years, thus these retrofits will not likely be completed by
June 1 2012. If this occurs, reliability concerns will arise. Previous NYISO studies have shown that the
loss of 2000 MWs of generation in New York City alone will severely impact the reliability of the entire
system. The current retrofit compliance deadline is not practicable and has the potential to
jeopardize grid reliability throughout New York.
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5.3 Impact of Retrofits on the New York Grid

This section summarizes the impact of the proposed regulation on the NOx emissions and the
production cost of the New York Electric System.

5.3.1 Emission Impact

Assuming that the nearly 8500 MW of identified generators install the suggested emission control
mechanisms and equipment modifications, the NOx emissions in New York will be significantly lower.
Table 5.3 shows the peak-day NOx emissions and the peak-day NOx emission rates under the
existing and proposed regulations. The peak-day NOx emissions are reduced from 273 tons to 222
tons, nearly a 20% reduction. The peak-day emissions even under the existing regulations are lower
than historical peak-day emissions due to a number of key transmission and generation additions
such as Linden VFT, Neptune HVDC, M29, Caithness combined cycle and upstate wind generation
and the retirement of Poletti, assumed in the simulations. The peak-day emission rate is
correspondingly lower- 0.085 Ib/MMBTU, compared to 0.105 Ib/MMBTU under the current standards.
The results shown in Table 5.3 are for the year 2013, the first full year after the proposed NOx RACT
regulations are expected to come into effect. Detailed results by zone for all the study years can be
found in Appendix F, Table F1.

Table 5.3: Peak-Day Emissions and Emission Rates

Under Existing | Under Proposed

Regulations RACT
New York Peak-Day NOx Emissions (tons) 273 222
New York Peak-Day NOx Emission Rate (Ilbs/MMBTU) 0.105 0.085

Table 5.4 shows the top 25 days, ozone and annual emissions under existing and proposed RACT
regulations for the year 2013. The reduction in top 25 days, ozone and annual emissions are 22%,
27% and 28% respectively. Detailed results by zone for all the study years can be found in Appendix
F, Table F1.

Table 5.4: Top 25 Days, Ozone and Annual NOx Emissions

Under Existing | Under Proposed

Regulations RACT
New York Top 25 Peak-Day NOx Emissions (Tons) 5,707 4,463
New York Ozone Season NOx Emissions (Tons) 26,312 19,155
New York Annual NOx Emissions (Tons) 45,406 32,501
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5.3.2 Electricity Production Cost Impact

Table 5.5 shows the impact of the proposed regulations on the energy generated in New York,
production cost and the average spot price, for the year 2013. The energy generated, production
cost and prices are virtually the same under existing and proposed RACT regulations. In general, this
is due to the fact that the increase in variable cost of operating the emission controls is offset by the
reduction in operating costs associated with the purchasing of NOx emission allowances. Detailed
production cost results by NYISO zones, for all study years can be found in Table F2 of Appendix F.

Table 5.5 - Generation, Production Cost and Average Electricity Price for NYISO

Under Existing Under Proposed
Regulations RACT
Energy Produced (GWh) 160,299 160,261
Production Cost (Mil. $) 6,079 6,076
Average Spot Price ($/MWh) 67.39 66.83
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6 Scenarios

In addition to the Base Case Scenario, the impacts of the proposed NOx RACT regulation under three
other scenarios were also studied. The assumptions for the three scenarios are given in Appendix G.
The NYISO staff performed the MAPS simulations for these scenarios. It should be noted that the
compliance plans for generators were determined assuming the Base Case forecast discussed
before. The scenarios were simulated to determine how these compliance plans will impact the
system under various possible future system conditions.

6.1 Base case using the 2009 NYISO 15x15 forecast

In this scenario, the zonal peak load and energy forecast used in the NYISO 2009 Reliability Needs
Assessment (RNA) 15x15 forecast was used. Table G.1 in Appendix G gives the annual peak load and
energy assumptions for this scenario. Table 6.1 shows the impact of the retrofits on the 15x15 case.
When compared to the Base Case results shown in Tables 5.4 and 5.5, it can be observed that the
energy produced and as result the production cost, LBMP and annual NOx are all lower due to the
destruction in demand under the 15x15 scenario.

Table 6.1: Impact of the Retrofits on the 15x15 case

15x15 (2014)
Under Existing Regulations Under Proposed RACT
Energy Produced (GWh) 149,532 149,530
Production Cost (Mil. $) $5,163 $5,164
Average Spot Price ($/MWh) $66.48 $66.33
NYISO Annual NOx (tons) 39,456 26,990

6.2 New York Renewable Portfolio Standard at 30%

In this scenario, a 30% RPS by 2015 was modeled. Table G.2 in Appendix G shows the zonal wind
generation additions for the 30% RPS case. Table 6.2 below shows the results of the simulation for
the year 2014. It can be observed that more energy is produced in New York due to the increase in
renewable generation. However, the annual NOx emissions are lower than the Base Case.

Table 6.2: Impact of the Retrofits on the 30% RPS case

RPS (2014)
Under Existing Regulations Under Proposed RACT
Energy Produced (GWh) 164,120 163,584
Production Cost (Mil. $) $5,894 $5,885
Average Spot Price ($/MWh) $68.09 $68.29
NYISO Annual NOx (tons) 43,711 30,779
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6.3 Retirement of Indian Point Generation Station

In this scenario, Indian Point nuclear Unit 2 was retired in September 2013. Table 6.3 shows the
impact of the emission retrofits under this scenario. In this scenario, New York imports more from its
neighbors as compared to the Base Case. Production cost, LBMP and emissions are higher since the
generation from Indian Point generator has to be replaced with more expensive generators within

New York and outside that have more NOx emissions.

Table 6.3: Impact of the Retrofits on the Indian Point Retirement case

Energy Produced (GWh)

IP Retirement (2014)

Under Existing Regulations

Under Proposed RACT

159,001 158,676
Production Cost (Mil. $) $6,983 $6,972
Average Spot Price ($/MWh) $71.97 $71.50
NYISO Annual NOx (tons) 50,106 36,683
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A. CARIS MAPS Database

Below are descriptions of key data in more detail. The data was developed based on the Tariff and in
collaboration with stakeholders.

Base Case Load Forecast

Table C-2 present CARIS Base Case load forecasts from 2009 through 2015 used from the 2009
RNA/CRP. For zonal peak demand refer to Table 3-2 of the RNA.

Table C-2: Annual Zonal Energy (GWh)

Zone 2009 2010 2011 2012 2013 2014 2015
West 16,011 16,143 16,189 16,211 16,287 16,375 16,436
Genesee 10067 10,162 10,154 10,157 10,210 10,323 10,410
Central 16,881 16,975 17,039 17,035 17,102 17219 17,311
North 7,014 7,102 7,147 7,153 7,178 7,192 7,176
Mohawk Valley 8,020 8,066 8,109 8,117 8,127 8171 8,202
Capital 11907 11919 11988 12,074 12,160 12,257 12,355
Hudson Valley 11,007 11,146 11263 11,302 11,382 11,496 11,566
Millwood 2,748 2,786 2,817 2,830 2,871 2,884 2,903
Dunwoodie 6,478 6,541 6,572 6,564 6,593 6,586 6,595
NY City 54,987 55905 56661 57503 58358 59430 60,353
Long Island 23,008 23002 23,015 22981 22,888 22866 22,870
NYCA Total 168,128 169,747 170,954 171,927 173,156 174,800 176,177

Power Flow Data

The CARIS uses the network topology, system impedance and transmission line ratings that were
developed from the 2009 CRP power flows. The following power flow cases were developed for the
CARIS from the 2008 FERC Form 715 filing Base Cases:

. Summer 2009 Peak Load
. Summer 2013 Peak Load
. Winter 2013/2014 Peak Load

For the intermediate years between 2010 and 2015, the power flow cases were based on data
provided in the FERC Form 715 2013 Summer Peak Load case. PJM system changes modeled in
PJM’s 2012 Regional Transmission Expansion Plan (RTEP) Study and NYISO system changes described
in the 2009 CRP Study required changes to these power flow cases, such as additional generators
and transmission lines, to capture the sequencing of these additional resources. The winter
transmission line ratings from the FERC Form 715 Winter 2013/2014 Peak Load case were used for
all years assessed in the CARIS.
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Transmission Model

New York Control Area Model
Figure C-1 below displays the bulk power system for NYCA, which generally consists of facilities 230
kV and above, but also includes certain 138 kV facilities and a small number of 115 kV facilities. The
balance of the facilities 138 kV and lower voltage are considered non-bulk or sub-transmission
facilities for purposes of this study. The figure also displays key transmission interfaces for New York.
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Figure C-1: NYISO 230 kV and above Transmission Map

New York Control Area Changes, Upgrades and Resource Additions

The highlights of year on year model changes are as follows:

a. Caithness Long Island - new 310 MW, Combined Cycle, LIPA, Suffolk, NY, Commercial
Operation - 4/2009;

b. BesiCorp - new 660 MW, Combined Cycle, National Grid, Rensselear, NY, proposed
Commercial Operation 2/2010;

c. Polleti - 890.7 MW, retirement expected 2/2010;
d. M29 - 345 kV cable from an existing station in Yonkers, NY to a new substation in NYC, with
normal, LTE and STE ratings of 521 MW, 748 MW and 1195 MW respectively. Expected in-

service date is Summer 2011;

f.  Linden VFT - the VFT facility was set to control flow between 245 MW and 295 MW, not to
exceed 300 MW. The VFT facility commenced commercial operation November 1, 20009.
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External Area Model

The external areas immediately adjacent to the NYCA are also modeled at full representation, except
for Hydro Quebec (HQ). Those areas include ISO-NE, IESO, and PJM (PJM Classic, AP, AEP, CE, DLCO,
DAY and VP). Since HQ is asynchronously tied to the bulk system, proxy buses representing the direct
ties from HQ to NYISO and HQ to ISO-NE are modeled. The HQ capacity modeled is 1300 MW.
External areas surrounding the above areas are only modeled to capture the impact of loop flows.
Table C-3 illustrates the external transmission limits used in the CARIS Study.

Table C-3: External Area Transmission Transfer Limits

Area Interface 2009 | 2010 | 2011 | 2012 | 2013 2014-
2015
IESO IMO EXPORT 2500 | 2500 | 2500 | 2500 | 2500 2500
IESO IMO-MISO 1 1 1 1 1 1
I[ESO IMO-NYISO 2000 | 2000 | 2000 | 2000 | 2000 2000
ISO-NE | Boston 4900 | 4900 | 4900 | 4900 | 4900 4900
ISO-NE | Connecticut-Export | 2200 | 2200 | 2200 | 2200 | 2200 3600
ISO-NE | East-West (NE-NVY) 2100 | 2100 | 2100 | 2100 | 2100 2100
ISO-NE | ISO-NE EXPORT 4000 | 4000 | 4000 | 4000 | 4000 4000
ISO-NE | ISO-NE-NYISO 1400 | 1400 | 1400 | 1400 | 1400 1400
ISO-NE | LI - ISO-NE 450 450 450 450 450 450
ISO-NE | ME - NH 1400 | 1400 | 1400 | 1400 | 1400 1500
ISO-NE | NB - NEPOOL 500 500 500 500 500 500
ISO-NE | North - South 2700 | 2700 | 2700 | 2700 | 2700 2700
ISO-NE | Norwalk-Stamford 1300 | 1300 | 1300 | 1300 | 1300 1300
ISO-NE | Orrington South 1050 | 1050 | 1050 | 1050 | 1050 1050
ISO-NE | SEMA 1450 | 1450 | 1450 | 1450 | 1450 1450
ISO-NE | SEMA/RI 2200 | 2200 | 2200 | 2200 | 2200 2200
ISO-NE | South West CT 2350 | 2350 | 2350 | 2350 | 2350 3650
ISO-NE | Surowiec South 1150 | 1150 | 1150 | 1150 | 1150 1150
NYISO NYISO-HQ 1050 | 1050 | 1050 | 1050 | 1050 1050
NYISO NYISO-IESO 2500 | 2500 | 2500 | 2500 | 2500 2500
NYISO NYISO-PJM 2500 | 2500 | 2500 | 2500 | 2500 2500
PIM APSOUTH 3250 | 3250 | 3250 | 3250 | 3250 3250
PIM Central Interface 5200 | 5200 | 5200 | 5200 | 5200 5200
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PJM Eastern Interface 7000 7000 7000 7000 | 7000 7000

PIM PJMEast- NYISO | 2500 | 2500 | 2500 | 2500 | 2500 | 2500
PIM PJM EXPORT 6000 | 6000 | 6000 | 6000 | 6000 | 6000
PIM PJM West - NYISO | 2000 | 2000 | 2000 | 2000 | 2000 | 2000
PIM Eigo—r'i"temio” 1500 | 1500 | 1500 | 1500 | 1500 | 1500
PIM PJM_Homer Cty 531 | 531 | 531 | 531 | 531 | 531
PIM PJM-VAP 500 | 500 | 500 | 500 | 500 | 500
PIM Western Interface | 6250 | 6250 | 6250 | 6250 | 6250 | 6250

Two major transmission additions in the PJM area are included in the Base Case. The first addition is
the TrAlL Line, which is located in PJM and is scheduled to enter commercial operation in 2010. The
second addition is the Susquehanna-Roseland 500 kV addition, which is located in PJM and is
scheduled to enter commercial operation in 2013. These substantial upgrades to the PJM system will
provide additional transfer capability and a lower impedance path from western PJM to eastern PJM.
This may allow for cheaper resources to be delivered to eastern PJM by bypassing potential
constraints. As a result, these upgrades may impact prices in eastern PJM and New York. With the
network impedance change, there will be an impact on the shift factor calculations that may
increase or decrease congestion in PJM and New York.

Hurdle Rates and Interchange Models

Hurdle rates set the conditions in which economic interchange can be transacted between
neighboring markets/control areas. They represent a minimum savings level that needs to be
achieved before energy will flow across the interchange. Hurdle rates serve two purposes in the
CARIS model. First, they are used when preparing the Base Case to help calibrate the production-cost
simulation so that it replicates the historical pattern of internal NYCA generation and imports. .
Second, they are used to find a different (and usually lower-cost) combination of generation
resources to meet loads aggregated from the Base Case.

Two independent hurdle rates are used in the CARIS, one for the commitment of generation and a
separate one for the dispatch of generation. The commitment hurdle rate sets the level that a unit
commitment change will be made and the dispatch hurdle rate sets a level that will allow economic
dispatch to be changed to allow scheduled energy to flow between market areas. Hurdle rates are
held constant throughout the 2009-2015 study period. Hurdle rates on several closed and open
interfaces were used to model regional power imports, exports and wheel-through transactions.
These hurdle rates are frequently used in conducting multi-pool production cost simulations and they
are used to represent several phenomena such as complex market pricing at the boundary buses,
cost mark-ups and market inefficiency. The hurdle rate values in the CARIS databases are consistent
with previous NYISO and consultant studies, and are considered standard industry practice. In
addition, the annual NYISO imports are consistent with historic import levels, confirming that NYISO's
hurdle rate assumptions are reasonable.

Only energy transactions associated with Unforced Capacity Deliverability Rights (UDRs) granted on
controllable tie lines were specifically modeled, namely on the NYISO DC tie-lines (Neptune and Cross
Sound Cable (CSC)). Flows on those facilities were not subject to hurdle rates and the required firm
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commitment was modeled in the associated neighboring system. The flow on the CSC line was
modeled to allow bi-directional flow (i.e., flow both from and toward ISO-NE) but the Neptune flows
was restricted to no more than 660 MW in one direction into Long Island from PJM. The reverse flow
toward PJM was not allowed to occur in the simulation because exports from Long Island to PJM are
not presently permitted operationally on Neptune line.

The hourly interchange flow for each interface connecting the NYISO with neighboring control areas
was priced at the LBMP of its corresponding proxy-bus. The summation of all 8,760 hours determined
the annual cost of the energy for each interface. Table C-4 lists the proxy bus location for each
interface.

Table C-4: Interchange LBMP Proxy Bus

Interface Proxy-Bus
PJM Keystone
Ontario Beck
Quebec Chateauguay
Neptune Atlantic 230 kV
New England Sandy Pd
Cross Sound Cable | New Haven Harbor

Production Cost Model

Production cost models require input data to develop cost curves for the resources that the model
will commit and dispatch to serve the load subject to the constraints given in the model. In
conducting the CARIS production cost analysis, the NYISO used two simulation tools: ABB's GridView
software and GE's MAPS software. These tools came with their own data sets, which the NYISO
checked and verified.

This section discusses how the “production cost data” is identified and quantified. The model
simulations are driven by incremental production costs of generators. The incremental cost of
generation is the product of the incremental heat rate multiplied by the sum of fuel cost, emissions
cost, and variable operation and maintenance expenses.

Heat Rates

Fuel costs represent the largest incremental expense for fossil fueled generating units. Fuel costs are
the product of fuel prices and incremental heat rates. Thus, it is critically important to the quality of
the CARIS results that individual generating unit heat rates used in the simulations be an accurate
representation of reality. Individual unit heat rates are important competitive information and thus
are not widely available from generator owners. Both the GridView and MAPS simulation models
have databases that represent the model providers’ best estimates of heat rates. When the heat
rates from the two models were compared, it was apparent that significant differences existed.

In order to gain additional insight as to which, if either, data set was an accurate representation of
actual unit performance, publicly available information reporting heat input was matched with net
generator production from NYISO market data to calculate hourly heat rates for 2008. One vendor
has substituted a dataset for which the NYISO did not have a direct license agreement, thus
removing that data set from further consideration. Unit heat input data is available from the U.S.
Environmental Protection Agency’s (EPA) Clean Air Market Data. Accordingly, this data set was used
to calculate unit heat rates and incremental heat rates across each unit's operating range through
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the use of regression analysis techniques. First, second, and third order polynomials were developed.
Generally, third order polynomials resulted in the best fit. A small number of data points were
eliminated for a few units to improve curve fit. The eliminated data could be the result of errors in
reporting or represent limited operation within a specific hour. These calculated heat rates were
compared to the remaining simulation model data for each fossil fueled unit in the NYCA and one
heat rate curve was selected for each unit. Several plants have significant steam supply contracts.
The steam sales revenues are not captured in the simulation models. In order to simulate the
operation of these units, some of them were simulated as must run units.

Consideration was given to using this approach across all of the units in the simulation. However, the
relative smaller impact of heat rate inaccuracies for non-NYCA units and the magnitude of the effort
to correct heat rates for all units in the simulation lead to the conclusion that vendor-supplied heat
rate information should be used for all non-NYCA units.

CARIS simulation models employ power points, which are points in each unit's operating range where
specific data such as heat rate is tied to the power point. In general there are minimum and
maximum points where the unit can be simulated to operate on a sustained basis. There may also be
additional intermediary points. Each of these points was tied to a point on the heat rate curve and
the incremental heat rate was determined for each unit.

A review of the actual operating performance of NYCA units revealed that the vendor supplied data
sets did not accurately capture the point of minimum operation for units that have emission control
systems that are sensitive to flue gas exit temperatures for the control of NOx emissions. The
minimum operating points for units with these permit conditions were increased to reflect these
operating limits.

Heat Rates of marginal units in all zones display the expected seasonal patterns with summer
months having the highest values. Also, there is a progression by which the monthly averages are
the lowest in Zone A. The further east a zone is located in the NYCA, the higher is the implied heat
rate. The relative magnitudes of differences across zones are consistent with the differences in the
generation fuel-mixes as depicted in Figure C-2.
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Implied Load-Weighted Monthly Avg. Heatrates - 2009
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Figure C-2: Implied Load-Weighted Monthly Average Heat Rates for Upstate NY (nom. $)

The implied heat rates for all downstate zones, depicted in Figure C-3, display the expected seasonal
patterns. The heat rates of marginal units are highest for Millwood (Zone H), Hudson Valley (Zone G),
and Long Island (Zone K). With respect to Zones G and J, the difference in assumed gas prices

explains the relative heat rate parity during non-winter months, and the divergence during the winter
months.
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Figure C-3: Implied Load-Weighted Monthly Ave. Heat Rates for Downstate NY (nom. $)
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Fuel forecast

Figures C-4 and C-5 illustrate forecasted oil and natural gas fuel prices for external areas.

External Control Areas - FO2 & FO6
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Figure C-4: Forecasted oil fuel prices for ISO-NE, PJM, & Ontario (nominal $)
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Figure C-5: Forecasted natural gas prices for ISO-NE, PJM, & Ontario (nominal $)
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Fuel Switching

Fuel switching capability is widespread within NYCA. In the NYCA, 37% of the 2009 generating
capacity, or 14,470 MW, has the ability to burn either oil or gas. There are three reasons that
generating facilities would exercise the capability to burn oil: the first reason is that oil would be the
economic fuel of choice, the second reason would be to satisfy reliability rules, and the third reason
would be an interruption of the gas supply. Historically, significant quantities of oil have been used at

the prices illustrated in Figure c-6.12
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Figure C-6: Historical fuel prices of coal, natural gas, and low sulfur coal (nominal $)

Both simulation models can select the economic fuel based on monthly production costs for units
with duel fuel capability. For the planning horizon, the fuel price forecast does not show that low
sulfur residual fuel oil will be an economic choice on a monthly basis.

The New York State Reliability Council (NYSRC) establishes rules for the reliable operation of the New
York Bulk Power System. Two of those rules guard against the loss of electric load because of the loss
of gas supply. Rule I-R3 states “The New York State bulk power system shall be operated so that the
loss of a single gas facility does not result in the loss of electric load within the New York City zone.”
Rule I-R5 similarly states “The New York State bulk power system shall be operated so that the loss of
a single gas facility will not result in the uncontrolled loss of electricity within the Long Island zone.”
To satisfy these criteria, annual studies are performed that update the configurations of the
electricity and gas systems and simulate the loss of a various gas supply facilities. The loss of these

12 The data source for the fuel price history for natural gas is USEIA Sourcekey N3045US3, and for residual fuel oil the data source is USEIA
Sourcekey RFOLILNYHS5, and NYMEX Central Appalachian. The delivery points of these fuel costs are: Natural Gas NYC; RFO NYH; and Coal
Ohio River.
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gas facilities leads to the loss of some generating units. This loss becomes critical because it may
result in voltage collapse when load levels are high enough. Therefore, criteria are established
whereby certain units that are capable of doing so are required to switch to minimum oil burn levels
so that in the event of the worst gas system contingency these units stay on-line at minimum
generation levels and support system voltage. This MW deficiency must be made up first through the
increased use of imports until oil burning units are able to ramp up their output over a longer
timeframe. Some new combined cycle gas turbine units in these zones have the ability to “switch-on-
the-fly” from gas-burn to oil-burn with a limited loss of output that can be quickly recovered.
However, there is the risk that this live switching may not be successful and the unit may trip.
Therefore, in many cases, such units are required to switch to burning oil at lower load levels so there
is the ability of recovering from an unsuccessful switching. As the generator fleet in these zones has
experienced a shift to increased use of combined cycle units with switch-on-the-fly capability, the
amount of oil used in steam units to satisfy minimum oil burn criteria has decreased. In order to
simulate the use of oil in steam units to satisfy these reliability criteria, Northport #4 is modeled to
burn oil throughout its operating range during the Summer capability period. Ravenswood #3 is
modeled to burn oil up to its second dispatch point of 608 MW throughout the year. For the balance
of the year for Northport #4 and for the balance of the operating range for Ravenswood #3, the most
economic fuel was selected.

Generation Maintenance

Levels (MW) of generation unavailability were developed based on historic 2007 and 2008 generation
unavailability reported in FERC Form 714, which reports 2 types of monthly unavailability: Planned
(maintenance outages) and Unplanned (forced outages). Each generating unit was then assigned an
unavailability period for each type. Planned or maintenance outage durations are based on
established maintenance durations by generating unit technology (i.e. nuclear refueling, steam unit
major overhauls, gas turbine inspection). Unplanned or forced outage durations were determined for
each generating units based on its most recent 5-year average forced outage rate (EFORd).

Both unavailability periods were then scheduled throughout a calendar year in such a way that the
level of unavailability (MW) for each type of outage at the hour of the monthly peak is consistent with
the 2007 and 2008 monthly levels of unavailability. The outage duration periods were fixed for each
of the study years 2009 through 2015.
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B. Compliance Plan Process Flowchart
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C. GE-MAPS Description
(PDF Goes Here)
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D. Emission Control Technology Description

D.1 Gas Turbine Units NOx Emission Control Technologies

The three most widely used NOx control technologies are considered in this study. They are dry low
NOx combustor (DLN), water/steam injection (WI) and selective non-catalytic reduction (SCR). A brief
description of the three technologies is provided in this section.

D.1.1 Dry Low NOx (DLN) Technology

DLN technology achieves low NOx emissions by staging fuel in a lean premixed combustion mode at
designed flame temperatures. For a heavy-duty gas turbine, a DLN combustor usually consists of
four major components: fuel injection system, liner, venture and cap/center body assembly. The
components form two stages in the combustor. In the premixed mode, the first stage thoroughly
mixes the fuel and air and delivers a uniform, lean, unburned fuel-air mixture to the second stage.
Figure D-1a illustrates a schematic of heavy-duty turbine DLN combustor.

For aeroderivative gas turbines, a Dry Low NOx Emissions Combustor (DLE) is also available. The
technology consists of a premixed combustion configuration to achieve uniform mixing of fuel and
air producing a reduced heating value gas, which will then burn at lower flame temperatures. Figure
D-1b shows an illustration of DLE combustor.

The minimum achievable NOx emissions by DLN are about 9 ppm to 65ppm @ 15% O,. The
achievable NOx level is different for the type of unit and the type of fuel fired and should be
determined case by case from the technology providers.

Table D-2 shows examples of annual cost and operating cost for the application of DLN technology.

The information was obtained mainly from public references, GE's experience and the consideration
of inflation. The capital recovery is calculated based on 10 years.
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End Cover ETisaE

Figure D-1a. Heavy-duty DLN combustor.
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Table D-1. Cost Analysis for DLN Technology

Potential Emission Control Technology Dry Low NOx
Unit 5 MW 25 MW 150+ MW > 250 MW
notional
Sample Model Allison 501-KB7 GE LM2500 GE Frame 7EA  scaling
Cost
1 Equipment Cost Including Installation $ 25,853 1,034,103 5,816,827 8,215,857
2 Capital Recovery Factor* 0.12 0.12 0.12 0.12
3 Annual Equipment Cost (item 1 x item 2) $ 3,187 127,495 717,162 1,012,941
4 Annual Operating Costs $ 41,364 155,115 155,115 155,115
A. Electricity $ included included included included
B. Natural Gas $ included included included included
C. Catalyst Replacement $ included included included included
D. Carbon Replacement/Ammonia Injection $ included included included included
E. Maintenance™ $ included included included included
5 Total Annual Costs (item 3 + item 4) $ 44 551 282,611 872,277 1,168,056

D.1.2 Water/Steam Injection (WI) Technology

Since NOx emissions increase significantly with combustion zone flame temperature, injecting water
or steam to combustor can effectively reduce flame temperature and therefore, NOx emissions. The
water injection system usually consists of a water pump and filter, water flow meters, and water flow
control valves. The water injection at the combustion chamber is achieved through passages in the
fuel nozzle assembly. Figure D-2 shows an example of water injection fuel nozzle assembly.

A penalty in overall efficiency must be paid for additional fuel required to heat the water to
combustor temperature. However, gas turbine output is enhanced because of the additional mass
flow through the turbine. The injected water must be of boiler feed water quality to prevent deposits
and corrosion in the hot turbine gas path area downstream of the combustor. Steam can also be
used. However, steam injection for NOx reduction is not as effective as water in reducing thermal
NOx. Since the high latent heat of water acts as a strong thermal sink in reducing the flame
temperature. In general, for a given NOx reduction, approximately 1.6 times as much steam as water
on a mass basis is required for control.

Some side effects from water/steam injection should be aware of, such as: (1) impact on dynamic
pressure activity within the combustor, (2) increase of CO emissions, (3) reduction on combustion
stability and (3) flame blow out when increasing water/steam injection, etc.
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The minimum achievable NOx emissions by water/steam injection are about 25 ppm to 42 ppm @
15% O,. The achievable NOx level is different for the type of unit and the type of fuel fired and should
be determined case by case from the technology providers.

Table D-2 shows examples of annual cost and operating cost for the application of WI technology.
The information was mainly obtained from public references posted early years, GE's experience and
the consideration of inflation. The capital recovery is calculated based on 10 years.

Fuel Gas Connection

Atomizing
Air Connection

0il Connection

Water Injection Inlet ———#

Figure D-2. Water injection fuel nozzle assembly for GE heavy-duty gas turbines.

Table D-2. Cost Analysis for WI Technology

Potential Emission Control Technology Water/Steam Injection
Unit 5 MW 25 MW 150+ MW > 250 MW
Sample Model Solar Centaur 50 GE LM2500 GE MS7001F notional scaling
Cost
1 Equipment Cost Including Installation $ 523,773 1,400,142 6,249,560 8,827,062
2 Capital Recovery Factor 0.12 0.12 0.12 0.12
3 Annual Equipment Cost (item 1 x item 2) $ 64,576 172,625 770,514 1,088,297
4 Annual Operating Costs $ 88,716 309,771 1,325,587 1,872,298
A. Electricity $ 354 1,788 23,987 33,879
B. Natural Gas $ 35,000 177,000 677,000 956,215
C. Catalyst Replacement $ 0 0 0 0
D. Carbon Replacement/Ammonia Injection $ 5,525 27,926 374,618 529,121
E. Maintenance $ 47,838 103,057 249,983 353,083
5 Total Annual Costs (item 3 +item 4) $ 153,293 482,396 2,096,101 2,960,595

D.1.3 Selective Catalytic Reduction (SCR) Technology

SCR technology converts NO and NO; in the gas turbine exhaust stream to molecular nitrogen and
oxygen by reacting the NOx with ammonia in the presence of catalyst. Conventional SCR technology
requires that the temperature of the exhaust stream remain in a narrow range (550°F to 750°F or
288°C to 399°C) and is restricted to applications with a heat recovery system installed in the exhaust.
New high-temperature SCR technology is being developed that may allow SCRs to be used for
applications without heat recovery boilers.

SCR systems are sensitive to fuels containing more than 1000 ppm of sulfur, since sulfur poisons the
catalyst being used in SCRs and react with ammonia to form ammonium bisulfate, which is
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extremely corrosive, particularly near the discharge of a heat recovery boiler. Another byproduct
from the SCR systems is the ammonia slip. Ammonia slip may increase when the catalyst bed is
plugged forming non-uniform distribution of the ammonia flow.

Table D-3 shows examples of annual cost and operating cost for the application of SCR technology.
The information was mainly obtained from public references posted early years, GE's experience and
the consideration of inflation. The capital recovery is calculated based on 10 years.

Table D-3. Cost Analysis for SCR Technology

Potential Emission Control Technology Conventional SCR Simple Cycle SCR
Lo/Med Temp SCR | Hi - Temp SCR
Unit 5 MW 25 MW 150+ MW > 250 MW 5 MW 25 MW 150+ MW > 250 MW
notional notional
Sample Model Solar Centaur 50  GE LM2500 GE Frame 7FA scaling Solar Centaur 50 ~ GE LM2500 GE Frame 7FA scaling
Cost
1 Equipment Cost Including Installation $ 534,234 1,481,904 4,596,405 6,492,097 534,234 1,481,904 18,385,619 25,968,388
2 Capital Recovery Factor* 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12
3 Annual Equipment Cost (item 1 x item 2) $ 65,866 182,705 566,695 800,417 65,866 182,705 2,266,780 3,201,667
4 Annual Operating Costs $ 91,745 231,605 1,273,847 1,777,178 91,745 231,605 1,273,847 1,777,178
A. Electricity $ 16,511 90,418 632,923 893,959 16,511 90,418 632,923 893,959
B. Natural Gas $ 0 0 0 0 0 0 0 0
C. Catalyst Replacement $ 10,740 58,816 411,714 581,517 10,740 58,816 411,714 581,517
D. Carbon Replacement/Ammonia Injection $ 11,052 28,929 175,768 248,259 11,052 28,929 175,768 248,259
E. Maintenance” $ 53,442 53,442 53,442 53,442 53,442 53,442 53,442 53,442
5 Total Annual Costs (item 3 + item 4) $ 157,612 414,310 1,840,542 2,577,595 157,612 414,310 3,540,628 4,978,845

D.2 Steam Turbine Units NOx Emission Control Technologies

NOx emission controls for the steam turbine units are mainly achieved by boiler combustion
modifications such as low NOx burners (LNB), overfire air (OFA), and reburn, and post-combustion
technology including selective non-catalytic reduction (SNCR) and selective catalytic reduction (SCR).
In general, combustion modification technologies require lower capital and operating cost than the
post-combustion technology. Figure D-3 illustrates the concept of these control technologies. Figure
D-4 shows the estimated achievable NOx reductions. However, the real reduction efficiency in the
application is different case by case and often is constrained by the capability of controlling
combustible emissions. Table D-4 summarizes the cost analysis for the control technology. The
information was mainly from public references, GE's experience and the consideration of inflation.
The capital recovery is calculated based on 10 years.

SNCR =

Overfire Air = 4
% SCR
Reburn Fuel = —

Low-NOx

Burners » 1
Fuel & Air }v f
Controls Air

Figure D-3. NOx control technologies for steam turbine boilers.
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Typical bituminous-coal-fired boiler with wall-fired burner design

1,200 T
1,000 +
800 ~50%
600 r ~20%
400 ~60% ~30% —
0 T T
Baseline LNB LNB & LNB & LNB &
OFA Reburn  Reburn &
Figure D-4. Achievable NOx reductions.
Table D-4. Cost Analysis for Steam Turbine DeNOx Technologies
Potential Emission Control Technology LNB SNCR OFA Coal Reburn SCR
Unit 200 MW 550 MW 200 MW 550 MW 200 MW 550 MW 200 MW 550 MW 200 MW 550 MW
Cost
Equipment Cost Including
1 Installation $ 2,470,000 4,800,000 1,290,000 1,455,000 1,225,000 2,240,000 2,690,000 3,480,000 10,288,000 21,481,000
2 Capital Recovery Factor* 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12
Annual Equipment Cost (item
3 1xitem?2) $ 304,529 591,797 159,045 179,388 151,031 276,172 331,653 429,052 1,268,417 2,648,413
4 Annual Operating Costs $ 0 0 323,550 837,369 13,272 26,600 22,677 30,730 824,807 2,127,150
A. Electricity $ 0 0 13,000 35,694 3,472 8,680 1,157 2,890 280,724 772,000
B. Natural Gas $ 0 0 0 0 0 0 0 0 0 0
C. Catalyst Replacement $ 0 0 0 0 0 0 0 0 134,127 369,000
D. Carbon
Replacement/Ammonia
Injection $ 0 0 278,300 765,300 0 0 0 0 197,000 541,500
E. Maintenance” $ 0 0 32,250 36,375 9,800 17,920 21,520 27,840 212,956 444,650
Total Annual Costs (item 3 +
5 item 4) $ 304,529 591,797 482,595 1,016,757 164,303 302,772 354,330 459,782 2,093,224 4,775,563

D.2.1 Low NOx Burner

All low-NOx burners offered commercially for application to coal-fired boilers control the formation
and emission of NOx through some form of staged combustion. In this process, the mixing of the fuel
and the air by the burner is controlled in such a way that ignition and initial combustion of the coal
takes place under oxygen deficient conditions. Mixing of some portion of the combustion air is then
delayed along the length of the flame. The objective of this process is to drive the fuel-bound
nitrogen out of the coal as quickly as possible, under conditions where no oxygen is present, and
where it will be forced to form molecular nitrogen, rather than be oxidized to NOx. Any nitrogen
escaping the initial fuel-rich region has a greater opportunity to be converted to NOx as the
combustion process is completed.

In practice, there are many factors that tend to influence the ability to reduce NOx in any given (wall-
fired) utility boiler application, without significantly impacting unit performance. Many of these stem
from the need to delay fuel/air mixing, and to expand the volume occupied by the combustion
process, in order to adequately control NOx. Key factors are of course, the design of the low-NOx
burner itself, and the characteristics (nitrogen content, volatility, and char reactivity) of the coal fired.
However, there are also a number of key boiler design parameters that combine to affect NOx
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reduction potential. These include: available firing depth; cross sectional area; burner-burner spacing;
and the size of existing wall penetrations.

Core

Tertiary Air

Secondary Air

Primary Air Air Swirler Vanes
Figure D-5. NOx control technologies for steam turbine boilers.
D.2.2 Overfire Air

Overfire air technology consists of staging the combustion air added to the furnace. In this
technology, combustion air is diverted from the burners and injected into the furnace above the
main flame zone. Overfire air reduces the amount of oxygen available in the combustion zone and
results in lower thermal NOx and fuel NOx emissions. For coal-fired boilers equipped with low-NOx
burners, overfire air is a very effective technique for reducing NOx emissions as it enhances the
staged combustion processes already in place.

Overfire air can impact boiler performance due to changes in the furnace heat absorption profile.
The impacts of overfire air on boiler performance are site specific and depend upon the boiler
design and operating characteristics, the fuels fired, and the levels of staging that must be
employed to reach an emissions reduction target. In general, overfire air has a minimal impact on
boiler steam generation and temperatures provided that the unit is operating with fuels similar to
the design fuel and with some level of main steam attemperation. Overfire air can also increase the
level of carbon in fly ash and emissions of carbon monoxide. Any increase in carbon in ash can be
minimized by maintaining good burner flame stability and good mill fineness.

D.2.3 Reburning

Reburning is a combustion modification technique that removes NOx from combustion products by
using fuel as a reducing reagent. The fundamental principles of reburning - that fuel fragments can
react with NO to form molecular nitrogen - was first demonstrated as a viable NOx control
technigue more than thirty years ago. Since that time, the process has been demonstrated and
applied successfully to a wide range of different utility boiler systems firing a range of solid, liquid
and gaseous fuels.

The application of reburning to a typical utility boiler furnace is shown conceptually in Figure D-6.
Here, reburning fuel, representing a proportion of the total thermal input to the system, is injected
into the furnace at a location above the main combustion zone. This provides a slightly fuel rich
environment, or reburning zone, which reduces nitrogen oxides formed in the main combustion
process to molecular nitrogen. Following the reburn zone, additional combustion air (or overfire air)

GE EASSE 42



is introduced to complete the combustion process by oxidizing carbon monoxide and any residual
fuel fragments exiting the reburn zone.

Natural gas has been the reburning fuel of choice for many of the reburn system applications to
date. This is largely because natural gas is highly reactive; it does not contain fuel-nitrogen species
or sulfur, and is therefore readily incorporated into most retrofit situations where space and access
may be limited. Reburning can however be achieved with any hydrocarbon fuel, and the use of
coal and heavy fuel oils in the reburning process has been successfully commercialized. With coal
and heavy oil as the reburning fuel, boiler applications have typically yielded NOx reduction levels
on the order of 50% relative to pre-retrofit emissions, while with natural gas NOx reduction levels
have routinely been in excess of 60%.

Overfire
Air |§%§

Reburn

Fuel &

AN

\ /

Figure D-6. Schematic of reburn application.
D.2.4 Selective Non-Catalytic Reduction (SNCR) Technology

Selective non-catalytic reduction is a flue gas treatment process in which an amine containing agent,
such as ammonia (NHs) or urea (CO(NH,);), is injected into combustion gases to react with and reduce
NOx formed during the combustion process. At the proper temperature window, NH;, generated
from decomposition of the injected reagent, reacts directly with NO to form N,. The experimental
temperature sensitivity of ammonia and urea is illustrated in Figure D-7 for long residence time and
isothermal conditions. Although the optimum temperature depends on the agent and furnace
thermal characteristics, the accepted window for SNCR application is generally at a temperature
between 1,600 to 1,800°F (900 to 1000°C).

The performance of SNCR on coal-fired boilers depends upon the reagent used, the quantity of
reagent injected, and the furnace design and operating characteristics. For maximum performance,
the injection system must be designed to provide effective mixing of the reagent within the optimal
temperature window. In addition, the furnace design must provide adequate residence time at the
proper temperature window.

The SNCR system mainly consists of a reagent supply and control system and a reagent injection
system. The main byproduct from the SNCR process is the ammonia slip. Depending on the process
conditions, as the flue gases cool, ammonia slip can react with sulfur trioxide (SOs) and water vapor
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to form ammonium bisulfate ((NH4)HSO4) and ammonium sulfate ((NH4).SO4). Ammonium bisulfate is a
sticky corrosive liquid that can deposit on and foul heat transfer surfaces. Ammonium sulfate is a dry
solid and forms as solid particles, which may increase particulate emissions.

100
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o 80 L —e— Urea Spray
S |
< L
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Z L
5 .
9\ 40 i
= L
o L
£ 20 }
: (NO)In = 700 ppm
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800 900 1,000 1,100 1,200

Temperature, deg. C

Figure D-7. Impact of injection temperature on SNCR process.

D.2.5 Selective Catalytic Reduction (SCR) Technology

SCRis a process that involves post-combustion removal of NOx from flue gas with a catalytic reactor.
In the SCR process, ammonia injected into the exhaust gas reacts with NOx and O; to for nitrogen
and water. The reactions take place on the surface of a catalyst. The NOx removal efficiency relates
to the catalyst reactor design, optimum operating temperature, sulfur content of the fuel, and design
of the ammonia injection system.

The SCR system is comprised of a number components: the SCR reactor, ammonia injection system,
and ammonia storage and delivery system. From the economizer outlet, the flue gas will first pass
through a low-pressure ammonia/air injection grid. The ammonia treated flue gas will then flow
through the catalyst bed and exit the air heater. Figure D-8 shows a schematic of the ammonia
distribution in the SCR system.

Sulfur content of the fuel can be a concern for the system. Catalyst systems promote partial
oxidation of SO; to SOs, which combines with water to form sulfuric acid. At typical SCR operating
temperature, SOs and sulfuric acid react with excess ammonia to form ammonium salts, which may
condense as the flue gases are cooled leading to increased particulate matter emissions. Fouling
may eventually lead to decreased NOx reduction performance.

An optimum SCR system can result in a 90% reduction. However, the application of a SCR system is
subject to the economic feasibility and space availability.
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Figure D-7. SCR ammonia distribution study.
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E. NYSDEC Economic Analysis - Air Emissions Control Equipment

-8 -
Table I

Economic Analysis - Air Emissions Control Equipment

FACILITY NAME AND ADDRESS:

FACILITY ID AND EMISSION POINT

CONTROL TYPE
1. COST OF EMISSIONS CONTROL EQUIPMENT SN
INCLUDING INSTALLATION
2. CALCULATE CAPITAL RECOVERY FACTOR (*) —_—
RECOVERY FACTOR(®)
3. CALCULATE ANNUAL EQUIPMENT COST b T )
(MULTIPLY ITEM 1 BY ITEM 2)
4. ANNUAL OPERATING COSTS '
A. ELECTRICITY (*=¥) $ (44)
B. NATURAL GAS(*¥) $ (4B)
C. 'CATALYST REPLACEMENT _ I o)
D. CARBON REPLACEMENT $ (4D)
E. MAINTENANCE $ (4E)
5. TOTAL ANNUAL COSTS  J ) |
[ADD ITEMS 3 AND 4 (A TO E)] '
6. CALCULATE ANNUAL VOC OR NOx TONNAGE REDUCTION
A. VOC OR NOx ACTUAL ANNUAL EMISSIONS —(6A)
B. PERCENT CAPTURE AND CONTROL (OR PERCENTREDUCTION) __ (6B)
ACHIEVED
o TONS REDUCED (MULTIPLY ITEM 6A BY ITEM 6B) __ (80)
TOTAL COST OF CONTROLS PER TON REDUCED , $
(DIVIDE ITEM 5 BY ITEM 6C)
*CRF = CAPITAL RECOVERY FACTOR
=1+ WHERE I = ANNUAL INTEREST RATE
(1+D~1 n = EQUIPMENT OR REPLACEMENT PARTS LIFE, IN YEARS (n=10)

R Energy costs should be the added costs of operating the control équipment minus any cost that will no
longer continue to incur as a result of the equipment installation and operation, not the total energy costs
of running the process to be controlled.

AIR GUIDE 20 * Revised: January 24, 1996
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F. Additional Base Case Results

The tables in this Appendix show the peak-day, top-25 days, ozone season and annual NOXx

emissions by zone under existing and proposed RACT regulations.

These emissions under the

proposed regulations are shown for the years 2010 through 2012 for comparison purposes only.

Table F1: Peak-Day, Top-25, Ozone and Annual Emissions by Zone

Year 2010
Peak-Day emissions Top 25 day emissions Ozone season emissions Annual emissions
Under Under Under Under Under Under Under Under
Existing Proposed Existing Proposed Existing Proposed Existing Proposed
Zone Regulations RACT Regulations RACT Regulations RACT Regulations RACT
CAPITAL 5 5 112 101 672 602 1,276 1,141
CENTRAL 35 21 958 546 6,064 3,171 11,464 6,027
GENESSEE 1 1 8 8 14 14 22 22
HUDSONVA 39 28 813 570 3,495 2,254 6,079 3,892
LONGISLA 36 33 685 650 2,604 2,510 3,776 3,654
MILLWOOD 0 0 0 0 0 0 0 0
MOHAWKVA 2 2 55 43 272 180 501 334
NORTH 1 1 22 22 126 127 269 270
NYCITY 100 93 1,618 1,514 5,050 4,803 7,373 6,953
WEST 40 28 972 663 6,553 4,301 12,483 8,369
NYISO 258 211 5,244 4,117 24,850 17,961 43,242 30,662
Year 2011
Peak-Day emissions Top 25 day emissions Ozone season emissions Annual emissions
Under Under Under Under Under Under Under Under
Existing Proposed Existing Proposed Existing Proposed Existing Proposed
Zone Regulations RACT Regulations RACT Regulations RACT Regulations RACT
CAPITAL 5 5 114 104 672 602 1,282 1,146
CENTRAL 35 21 943 523 6,057 3,139 11,538 6,063
GENESSEE 1 1 8 8 14 14 24 24
HUDSONVA 39 29 810 566 3,619 2,346 6,324 4,068
LONGISLA 39 38 729 697 2,796 2,709 4,127 4,017
MILLWOOD 0 0 0 0 0 0 0 0
MOHAWKVA 2 2 55 43 274 183 513 348
NORTH 1 1 21 21 128 128 279 280
NYCITY 99 89 1,762 1,606 5,247 4,895 7,563 7,049
WEST 40 28 975 663 6,577 4,328 12,562 8,448
NYISO 261 213 5417 4,231 25,385 18,346 44,214 31,443
Year 2012
Peak-Day emissions Top 25 day emissions Ozone season emissions Annual emissions
Under Under Under Under Under Under Under Under
Existing Proposed Existing Proposed Existing Proposed Existing Proposed
Zone Regulations RACT Regulations RACT Regulations RACT Regulations RACT
CAPITAL 5 5 114 104 675 602 1,288 1,149
CENTRAL 35 21 939 522 6,070 3,151 11,571 6,082
GENESSEE 1 1 9 9 13 13 21 21
HUDSONVA 40 29 829 580 3,673 2,388 6,390 4,112
LONGISLA 38 37 735 703 2,778 2,697 4,129 4,018
MILLWOOD 0 0 0 0 0 0 0 0
MOHAWKVA 2 2 56 43 276 185 519 353
NORTH 1 1 22 22 133 132 294 293
NYCITY 104 93 1,827 1,652 5,307 4,959 7,662 7,154
WEST 40 28 976 666 6,591 4,339 12,581 8,463
NYISO 267 216 5,506 4,301 25,517 18,466 44,455 31,646
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Table F1: Peak-Day, Top-25, Ozone and Annual Emissions by Zone (contd.)

Year 2013

Peak-Day emissions Top 25 day emissions Ozone season emissions Annual emissions

Under Under Under Under Under Under Under Under

Existing Proposed Existing Proposed Existing Proposed Existing Proposed
Zone Regulations RACT Regulations RACT Regulations RACT Regulations RACT
CAPITAL 5 5 117 106 700 624 1,333 1,190
CENTRAL 35 21 931 519 6,070 3,169 11,563 6,108
GENESSEE 1 1 8 8 12 12 19 19
HUDSONVA 40 29 854 603 3,815 2,495 6,598 4,277
LONGISLA 41 39 787 751 3,013 2,919 4,386 4,260
MILLWOOD 0 0 0 0 0 0 0 0
MOHAWKVA 2 2 58 46 285 193 550 384
NORTH 1 1 23 23 142 142 310 309
NYCITY 108 96 1,961 1,751 5,729 5,302 8,124 7,541
WEST 40 27 967 657 6,547 4,299 12,525 8414
NYISO 273 222 5,707 4,463 26,312 19,155 45,406 32,501
Year 2014

Peak-Day emissions Top 25 day emissions Ozone season emissions Annual emissions

Under Under Under Under Under Under Under Under

Existing Proposed Existing Proposed Existing Proposed Existing Proposed
Zone Regulations RACT Regulations RACT Regulations RACT Regulations RACT
CAPITAL 5 5 117 107 708 631 1,347 1,203
CENTRAL 35 21 939 522 6,122 3,205 11,741 6,261
GENESSEE 1 1 9 9 17 17 32 32
HUDSONVA 40 29 866 610 3,915 2,573 6,813 4,455
LONGISLA 43 41 819 784 3,126 3,029 4,559 4,438
MILLWOOD 0 0 0 0 0 0 0 0
MOHAWKVA 2 2 60 48 304 213 585 420
NORTH 1 1 24 24 153 153 329 329
NYCITY 116 105 2,038 1,819 5973 5,540 8,433 7,843
WEST 41 28 983 674 6,632 4,382 12,719 8,603
NYISO 285 233 5,857 4,596 26,950 19,743 46,559 33,582
Year 2015

Peak-Day emissions Top 25 day emissions Ozone sedson emissions Annual emissions

Under Under Under Under Under Under Under Under

Existing Proposed Existing Proposed Existing Proposed Existing Proposed
Zone Regulations RACT Regulations RACT Regulations RACT Regulations RACT
CAPITAL 5 5 116 101 706 631 1,341 1,199
CENTRAL 37 23 960 502 6,151 3,231 11,723 6,239
GENESSEE 1 1 9 6 16 16 26 26
HUDSONVA 39 29 860 563 3,879 2,544 6,723 4,382
LONGISLA 39 37 815 695 3,099 3,012 4,479 4,363
MILLWOOD 0 0 0 0 0 0 0 0
MOHAWKVA 2 2 60 43 308 217 586 420
NORTH 1 1 24 24 159 159 341 341
NYCITY 114 104 2,072 1,553 6,158 5,747 8,675 8,099
WEST 41 28 984 657 6,614 4,366 12,635 8,523
NYISO 280 230 5,900 4,145 27,091 19,925 46,529 33,592
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Table F2: Generation and Average LBMP by Zone

Year 2010
Generation (GWh) Average LBMP ($/MWh)
Under Existing | Under Proposed | Under Existing | Under Proposed
Zone Regulations RACT Regulations RACT
WEST 28,141 28,133 $56.43 $56.41
GENESSEE 4,768 4,766 $58.89 $58.90
CENTRAL 34,111 34,118 $59.03 $59.04
NORTH 9,955 9,956 $57.88 $57.85
MOHAWKVA 3,475 3,474 $60.53 $60.55
CAPITAL 21,791 21,792 $62.86 $62.89
HUDSONVA 5,298 5,350 $64.86 $64.88
MILLWOOD 17,154 17,154 $66.29 $66.30
DUNWOODI 6 6 $66.11 $66.10
NYCITY 23,219 23,233 $68.12 $67.95
LONGISLA 9,535 9,511 $66.51 $66.51
NVISO 157,453 157,493 $62.50 $62.49
Year 2011
Generation (GWh) Average LBMP ($/MWh)
Under Existing | Under Proposed | Under Existing | Under Proposed
Zone Regulations RACT Regulations RACT
WEST 28,252 28,249 $57.44 $57.46
GENESSEE 4,770 4,769 $59.77 $59.78
CENTRAL 34,113 34,097 $59.70 $59.72
NORTH 9,966 9,968 $58.54 $58.57
MOHAWKVA 3,490 3,490 $61.10 $61.11
CAPITAL 21,801 21,821 $63.32 $63.33
HUDSONVA 5531 5,549 $66.52 $66.54
MILLWOOD 17,154 17,154 $68.33 $68.35
DUNWOODI 6 6 $68.03 $68.05
NYCITY 23,200 23,178 $68.79 $68.80
LONGISLA 9,975 9,980 $68.21 $68.21
NYISO 158,260 158,261 $63.61 $63.63
Year 2012
Generation (GWh) Average LBMP ($/MWh)
Under Existing | Under Proposed | Under Existing | Under Proposed
Zone Regulations RACT Regulations RACT
WEST 28,257 28,256 $59.50 $59.51
GENESSEE 4,775 4,774 $61.91 $61.92
CENTRAL 34,199 34,193 $61.87 $61.90
NORTH 9,985 9,984 $60.63 $60.64
MOHAWKVA 3,500 3,500 $63.35 $63.38
CAPITAL 21,873 21,869 $65.80 $65.93
HUDSONVA 5,589 5,602 $69.06 $69.17
MILLWOOD 17,206 17,206 $70.89 $70.99
DUNWOODI 6 6 $70.63 $70.74
NYCITY 23,202 23,209 $71.56 $71.59
LONGISLA 9,955 9,956 $70.81 $70.92
NYISO 158,546 158,554 $66.00 $66.06
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Table F2: Generation and Average LBMP by Zone (contd.)

Year 2013
Generation (GWh) Average LBMP ($/MWh)
Under Existing | Under Proposed | Under Existing | Under Proposed
Zone Regulations RACT Regulations RACT
WEST 28,163 28,160 $58.97 $58.22
GENESSEE 4,748 4,747 $61.42 $60.67
CENTRAL 34,191 34,195 $63.03 $62.48
NORTH 10,024 10,023 $62.01 $61.50
MOHAWKVA 3,540 3,540 $64.75 $64.22
CAPITAL 22,229 22,224 $67.02 $66.59
HUDSONVA 5,802 5,804 $70.99 $70.51
MILLWOOD 17,155 17,155 $73.10 $72.61
DUNWOODI 6 6 $72.86 $72.32
NYCITY 24,074 24,042 $74.06 $73.47
LONGISLA 10,367 10,366 $73.05 $72.56
NYISO 160,299 160,261 $67.39 $66.83
Year 2014
Generation (GWh) Average LBMP ($/MWh)
Under Existing | Under Proposed | Under Existing | Under Proposed
Zone Regulations RACT Regulations RACT
WEST 28,491 28,494 $63.37 $62.66
GENESSEE 4,806 4,806 $65.79 $65.10
CENTRAL 34,361 34,363 $67.23 $66.72
NORTH 10,034 10,033 $66.05 $65.59
MOHAWKVA 3,583 3,584 $68.88 $68.41
CAPITAL 22,331 22,322 $71.06 $70.70
HUDSONVA 6,007 6,019 $75.86 $75.48
MILLWOOD 17,155 17,155 $78.26 $77.88
DUNWOODI 6 6 $78.04 $77.62
NYCITY 24,347 24,360 $78.95 $78.44
LONGISLA 10,650 10,657 $78.22 $77.84
NYISO 161,771 161,797 $71.97 $71.50
Year 2015
Generation (GWh) Average LBMP ($/MWHh)
Under Existing | Under Proposed | Under Existing | Under Proposed
Zone Regulations RACT Regulations RACT
WEST 28,341 28,345 $65.36 $64.50
GENESSEE 4,774 4,774 $68.03 $67.18
CENTRAL 34,355 34,349 $69.58 $68.90
NORTH 10,051 10,051 $68.40 $67.79
MOHAWKVA 3572 3,573 $71.42 $70.76
CAPITAL 22,310 22,311 $73.73 $73.17
HUDSONVA 5921 5,930 $78.68 $78.07
MILLWOOD 17,155 17,155 $81.09 $80.52
DUNWOODI 6 6 $80.90 $80.25
NYCITY 24,715 24,742 $82.03 $81.33
LONGISLA 10,498 10,512 $81.11 $80.50
NYISO 161,698 161,748 $74.58 $73.90
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G. Scenario Assumptions

Table G.1a Zonal Energy (GWHh) in the 15x15 Scenario

Zone 2010 2011 2012 2013 2014 2015
West 15,811 15,669 15,420 15,209 15,025 14,812
Genesee 9,952 9,826 9,657 9,530 9,470 9,384
Central 16,625 16,492 16,203 15,968 15,798 15,602
North 6,957 6,920 6,807 6,707 6,602 6,467
Mohawk Valley 7,900 7,850 7,722 7,589 7,498 7,393
Capital 11,670 11,599 11,481 11,354 11,245 11,139
Hudson Valley 10,913 10,900 10,750 10,629 10,553 10,432
Millwood 2,728 2,727 2,693 2,685 2,650 2,621
Dunwoodie 6,308 6,201 5,997 5,819 5611 5419
NY City 54,497 54,418 54,091 53,710 53,582 53,305
Long Island 22,563 22,327 21,950 21,513 21,147 20,808
NYCA Total 165,923 164,929 162,772 160,712 159,182 157,382
Table G.1b Zonal Coincident Peak Load in the 15x15 Scenario

Zone 2010 2011 2012 2013 2014 2015
West 2,611 2,588 2,547 2,512 2,482 2,446
Genesee 1,908 1,884 1,852 1,827 1,816 1,799
Central 2,813 2,791 2,742 2,702 2,674 2,640
North 830 825 812 800 788 771
Mohawk Valley 1,365 1,356 1,334 1,311 1,295 1277
Capital 2,252 2,239 2,216 2,191 2,171 2,150
Hudson Valley 2,325 2,323 2,291 2,265 2,249 2,223
Millwood 638 637 630 625 614 605
Dunwoodie 1,505 1,480 1,431 1,383 1,325 1,275
NY City 11,948 11,869 11,707 11,526 11,361 11,165
Long Island 5,292 5,241 5161 5,054 4,966 4874
NYCA Total 33,489 33,234 32,722 32,197 31,739 31,227

Table 6.4 Zonal Wind Additions for RPS Scenario
Zone Wind (MW)

West 440
Genesee 83
Central 686
North 694
Mohawk Valley 1,252
Capital -
Hudson Valley 1
Millwood -
Dunwoodie -
NY City -
Long Island -
NYCA Total 3,156
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