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Section 1: Introduction

1.1 About PJM Manuals

The PJM Manuals are the instructions, rules, procedures, and guidelines established by PJM for
the operation, planning, and accounting requirements of PJM and the PJM Markets.

For a complete list of all PJM manuals, go to the Library section on PJM.com.

1.2 How to Use This Manual

The PJM Manual 15: Cost Development Guidelines is one in a series of the PJM Manuals.
This Manual is maintained by the PJM Cost Development Subcommittee (CDS) under the
auspices of the PJM Market and Reliability Committee (MRC).

To use this Manual, read sections one and two then go to the chapter for unit type for possible
additional information.

All capitalized terms that are not otherwise defined herein shall have the same meaning as they
are defined in the Amended and Restated Operating Agreement of PJM Interconnection, L.L.C.
(PJM Operating Agreement), PJM Open Access Transmission Tariff (PJM Tariff) or the
Reliability Assurance Agreement Among Load Serving Entities in the PJM Region. Throughout
this manual, the term MMBtu is one million British Thermal Units (BTU).

1.3 The intended audiences for this Manual:
* Market Seller
* PJM staff
« MMU
* Regulators

1.4 What is in this Manual?

+ A table of contents that lists two levels of subheadings within each of the sections
* An approval page that lists the required approvals and a brief outline of the current revision

» Sections containing the specific guidelines, requirements, or procedures including PJM
actions and Market Seller actions

« Attachments

Revision: 46, Effective Date: 11/19/2024 PJM © 2024 10
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1.5 Cost Development Subcommittee Mission

The CDS reports to the MIC and is responsible for developing, reviewing, and recommending
procedures for calculating the costs of products or services provided to PJM at a cost-based
rate for Market Sellers. CDS responsibilities can be found in the CDS’_charter.

1.6 Purpose of this Manual

This document details the standards recognized by PJM for determining cost components for
markets where products or services are provided to PJM at cost-based rates, as referenced in
Schedule 1, Section 6 of the PJM Operating Agreement.

1.6.1 Reason for Cost Based Offers: Market Power Mitigation

The following material is provided for background and should be used for information only.
Structural market power is the ability of seller, or a group of sellers, to alter the market price of a
good or service for a sustained period. To mitigate the potential exercise of market power,
market rules can offer cap units in various markets. The Three Pivotal Supplier (TPS) test is
used to determine if structural market power exists in a given market. If structural market power
is found to exist, some Market Sellers may be mitigated to cost-based offers to prevent any
exercise of that market power.

The TPS test is a test for structural market power. The test examines the concentration of
ownership of the supply compared to the level of demand. The test does not examine the
competitiveness of offers or other factors.

The general concept of the TPS test is to control a constraint; a certain amount of MW of relief
is needed. If there are not enough MWs to satisfy the constraint without using the top two
suppliers’ output plus the output of the supplier being tested, then those three suppliers are
jointly pivotal. According to the criteria utilized by the TPS test, because the supply can be
constrained by those three owners and the demand could potentially not be satisfied, they are
considered to have structural market power. If any one supplier fails, then the top two suppliers
also fail.

A test failure means that the ownership of the supply needed to meet is concentrated among
few suppliers and therefore those suppliers have the potential to exercise market power or
structural market power. It does not mean those suppliers are attempting to exercise market
power.

A test failure triggers mitigation as a preventative step in the event of a concentration of
ownership. If a generator is brought on for constraint control and its supplier fails a TPS test,
then the unit is dispatched at the lower of the cost or price offer. The purpose of this Manual is
to outline the development of the cost-based offer to ensure that PJM Members who own or
control a generating unit(s) with structural market power cannot exercise it.

Revision: 46, Effective Date: 11/19/2024 PJM © 2024 11
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1.7 Components of Cost

This Manual is designed to instruct Market Sellers on how to develop their cost based offers. A
Market Seller who is required to submit a cost-based offer for a resource shall be responsible
for the development and accuracy of all information to support the calculation of a resource’s
cost-based offer and shall provide such information to PJM or the MMU, either directly or
indirectly through an agent or other entity, upon request or as required by applicable PJM
market rules. These cost- based offers are used by PJM to schedule generation in cases in
which structural market power is found to exist. PJM uses the information provided from Market
Sellers to determine each unit’s production costs.

Production costs are the costs to operate a unit for a particular period. Several different cost
components are needed to determine a generating unit's total production cost. The total
production cost includes:

» Start-up Cost
* No-Load Cost
* Incremental costs (energy cost per segment of output range)

Production costs have a direct impact on which units are scheduled by PJM. In general,
generation will be scheduled to achieve the lowest possible overall costs to the system.

The following material is provided for background and should be used for information only.

1.7.1 Generator offer curves

Generator offer curves are representations of a generator’s willingness to provide energy. Offer
curves are used in determining incremental and total production costs. An offer curve can have
up to ten points defined. The first point describes the lowest MW amount offered for a unit. The
offer curve may be a smooth line or a block curve depending on how the points between each
segment are calculated. The Market Seller can determine how the slope of the offer curve is
defined; however, the slope must be monotonically increasing.

1.7.2 Start-up Cost

It consist primarily of the cost of fuel, as determined by the unit’s start heat input (adjusted by
the performance factor) times the fuel cost. It also includes operating costs, maintenance
adders, emissions allowances/adders, and station service power cost. Start Costs can vary with
the unit offline time being categorized in three unit temperature conditions: hot, intermediate and
cold. Units without a soak process include, engines, combustion turbines, Intermittent, and
Energy Storage resources.

For units with soak process: Start Cost shall mean the net unit costs from PJM's notification
to to the level at which the unit can follow PJM’s dispatch and from last breaker open to
shutdown.

Revision: 46, Effective Date: 11/19/2024 PJM © 2024 12
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For units without soak process: Start Cost shall mean the unit costs from PJM's notification to
first breaker close and from last breaker open to shutdown.

See Start-up Cost in Section 2.4.

1.7.3 No-Load Cost
No-Load Fuel (MMBtu/hour) is the total fuel to sustain zero net output MW at synchronous
generator speed.

No-Load Cost ($/hour) is the hourly cost required to theoretically operate a synchronized unit at
zero MW. It consists primarily of the cost of fuel, as determined by the unit’'s no_-load heat
(adjusted by the performance factor) times the fuel cost. It also includes operating costs,
maintenance adders, and emissions allowances.

1.7.4 Incremental Cost

Hourly production cost is the cost per hour to operate a unit assuming a start has already
occurred. It is calculated by summing all costs, which are incurred during one hour of operation
including the hourly nNo-ILoad cost and the incremental energy cost.

The incremental energy cost is the cost in dollars per MWh of providing an additional MWh
from a synchronized unit.. It consists primarily of the cost of fuel, as determined by the unit’s
incremental heat rate (adjusted by the performance factor) times the fuel cost. It also includes
operating costs, maintenance adders, emissions allowances, tax credits, and energy market
opportunity costs.

1.7.5 Total Production Cost

Total production cost is calculated by adding all of the costs associated with starting a unit
and operating it over a period. Total production costs include two categories of costs: Start-up
Costs and hourly production costs.

To determine the total production cost of a unit, the following formula is used:

font-family:ArialTotal Production Cost = Startup Costs + Z)o( Hourly Production Costs

Where x= Number of hours a unit is run at a certain MW level

It is important to remember that PJM will schedule generation day-ahead based on the above
but dispatch using the incremental (marginal) cost, as represented by its generation offer. The
incremental (marginal) cost will represent the cost to generate the next MW from the unit. See
Heat Rate in Section 2.1, Performance Factor in Section 2.2, Performance Factors in Section
2.2, and Fuel Cost in Section 2.3, No-Load Cost in Section 2.5 and 2.6 Maintenance Cost.

Revision: 46, Effective Date: 11/19/2024 PJM © 2024 13
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1.8 Cost Methodology and Approval Process

A Market Seller which seeks to obtain an exemption, exception or change to any time frame,
process, methodology, calculation or policy set forth in this Manual, or the approval of any cost
or methodology that is not specifically permitted by this Manual not related to the Fuel Cost
Policy, shall submit a request to PJM and MMU for consideration and determination along with
documentation supporting the request.

After receipt of such a request, PJM and MMU will review the request and PJM will notify the
Market Seller and MMU whether the request is approved no later than thirty (30) calendar days
after submission of the request.

This process shall be referred to in this Manual as the “Cost Methodology and Approval
Process.”

1.9 References

The references to other documents that provide background or additional detail directly related
to the PJM Manual for Cost Development Guidelines are:

* PJM Manual for Pre-Scheduling Operations (M-10)
* PJM Manual for Energy & Ancillary Services Market Operations (M-11)

* PJM Manual for Generator Operational Requirements (M-14D)

* PJM Manual for Open Access Transmission Tariff Accounting (M-27)

* PJM Manual for Operating Aareement Accounting (M-28)

» Markets Gateway User Guide

+ Markets Database Dictionary

» Opportunity Cost Calculator

* A Review of Generation Compensation and Cost Elements in the PJM Markets
» Member Information Reporting Application (MIRA)
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Section 2: Policies for All Unit Types

This section contains information that is relevant for the development of a cost offer for all types
of units.

2.1 Heat Input/Rates and Performance Factors

Heat Input equals a point on the heat input curve (in MMbtu/hr) describing the resource’s
operational characteristics for converting the applicable fuel input (MMBtu) into energy (MWh).
Heat Input curves, also called input/output curves, represent the amount of fuel used to produce
energy. Heat input curves are developed based on net energy production. Heat input curves
can be developed using historical data, performance test data or Original Equipment
Manufacturer (OEM) documentation..

Observed fuel heat input and electric output data during normal operation or a performance test
provide a direct measure of the heat input curve. A linear regression of the heat input on the
energy output can provide an estimated polynomial curve. In the typical case, the heat input
curve is a second order polynomial that applies to the entire operating output range of the unit.

MMBtu
hour

Heat Input ( ) = A+ B*Unit Output (MWh) + C*Unit Outpuf® (MWh)

Where A, B, and C are e the polynomial coefficients calculated through a linear regression.

When based on historical data, heat input curves must be developed using data points during
times in which the resource was operating above its physical minimum level (e.g. do not include
data points when the resource was in starting, soaking or shutdown mode).

The Incremental heat rate is the relationship between an additional MW of output and the heat
input necessary to produce it. Graphically, the incremental heat rate can be determined from the
ratio of the change in fuel input to the change in unit MW output; which is the slope of the input/
output curve. Mathematically, the incremental heat rate curve can be expressed as the first
derivative of the heat rate curve (input heat versus MW output).

Incremental Heat Rate = B + 2*C*Unit Output (MWh)

Economic Minimum is the lowest level of energy in MW the unit can produce and maintain a
stable level of operation under normal operation.

Economic Maximum is the highest unrestricted level of energy, in MW, that the operating
company operates the unit under normal operation. This represents the highest output available
from the unit for economic dispatch.

Heat Rate equals the MMBtu content of the heat input divided by the MWh of energy output.
The smaller the heat rate value the greater the efficiency.

Revision: 46, Effective Date: 11/19/2024 PJM © 2024 15
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_ MMBtu _ Heat Input
Total Heat Rate = =70~ = “Netmiw

Performance Factor is the calculated ratio of actual fuel burn to either theoretical fuel burn
(design heat input) or other current tested heat input. Actual burn may vary from standard burn
due to factors such as unit age or modification, changes in fuel properties, seasonal ambient
conditions, etc.

TotalActualFuelConsumed
TotalTheoreticalFuelConsumed

PerformanceFactor =

2.1.1 Heat Input and Rate Policy

All Market Sellers shall develop Heat Input curves. These heat input curves show heat input in
MMBtu/hr from burning fuel versus MW output for each of their generating units. The heat input
curves then serve as the basis for the theoretical incremental heat rate curves for fuel
consumption and performance factor development. A Market Seller is allowed to use either net
or gross MW values in determination of the incremental heat rate curves as long as gross or net
MW value consistency is maintained throughout the cost development process. Heat rate
information provided to the Office of the Interconnection should be on a net MW basis.

» Heat input curves (one curve per fuel type for each operating mode) will be based on
design or comparable unit data modified by actual unit test data (when available).

» Data for the heat input curve development, ideally, should include Economic Minimum and
Economic Maximum MW points. The heat input curve will be fitted from available data.

» This heat input curve (or curves) will be used as the basis for incremental heat rate curves,
incremental costs and performance factor calculations.

2.1.2 Heat Input and Performance Factor Update Frequency

The Performance Factor shall be calculated on either the total fuel consumed or a monthly spot
check test basis. The Performance Factor for nuclear and steam units shall be reviewed (and
updated if changed) at least once every twelve months. Market Sellers can choose to update
the heat input curve instead of using performance factors. When that choice is made the
performance factor is set to one (1). The Performance Factors for combustion turbine (“CT”),
diesel units, and combined-cycle (“CC”) units shall be updated at least once during:

* Twelve months, or

* The year in which a unit reaches 1,000 accumulated running hours since its last
Performance Factor update, whichever represents a longer period, not to exceed five
years.

Requests for exemptions from these periods should be submitted to PJM and the MMU for
evaluation pursuant to Section 2.3. The overall Performance Factor can be modified by a
seasonal Performance Factor to reflect ambient conditions. Performance factors have to be
calculated for the entire year, by month or by season (e.g. summer/winter). Performance factors
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cannot be applied inconsistently (i.e. applied during the summer months and not during the
winter months).

2.1.3 Engineering Judgment in Performance Factors

The calculated performance factor may be superseded by estimates based on sound
engineering judgment. If the period during which estimated performance factors are used
exceeds three months, documentation concerning reasons for the override must be maintained
and available for review.

2.1.4 Higher Heating Value of Fuel

Higher Heating Value of Fuel - the amount of heat released by a specified quantity once it is
combusted and the products have returned to an original temperature. Higher Heating Value
(HHV) of fuel may be based on any of:

* As burned test

* In stock test

* As received test

* As shipped test

» Contract value

» Seller's invoice

» Seller's quote

* Nominal value based on Industry Standard

2.1.5 Calculation Methods of Performance Factors
There are three options available for use in determining a unit's performance factor:

1. Total Fuel
2. Separate
3. Fixed start approach

These three methods are described with their corresponding equations as follows:

Performance Factors are used in calculating start fuel as well as operating fuel. When the (1)
total fuel approach is used, the Performance Factor would represent the ratio:

TotalActualFuelConsumed
TotalTheoreticalFuelConsumed

PerformanceFactor =

With the total fuel approach, fuel quantities measured during start tests should be modified by
the Performance Factor in effect at the time of the test so that theoretical or standard start fuel
quantities will be on the same basis as the standard operating fuel quantity.

Revision: 46, Effective Date: 11/19/2024 PJM © 2024 17
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Conditions encountered during the start of certain units may make it preferable to assign
separate Performance Factors for start and operating fuel. If (2) separate Performance
Factors are calculated for start fuel prior to calculating the "operating fuel" Performance Factor,
this Operating Fuel Performance Factor will represent the ratio:

TotalActualFuelConsumed - ActualStartFuelConsumed
TotalTheoreticalFuelConsumed — TheoreticalStartFuelConsumed

OperatingFuelPerformancefFactor =

Due to the variability and difficulty in measuring actual start fuel, a Market Seller may choose to
set a (3) fixed start Performance Factor of one, implicitly assigning all performance variations
to no-load and incremental loading costs. In order to account for all fuel actually consumed, the
operating fuel Performance Factor will represent the ratio:

TotalActualFuelConsumed — TotalTheoreticalStartFuelConsumed
TotalTheoreticalFuelConsumed — TotalTheoreticalStartFuelConsumed

OperatingFuelPerformanceFactor =

Where total theoretical start fuel consumed = fuel quantity used in the Start-up Cost calculation

2.1.6 ‘Like’ Units for Performance Factors
An average Performance Factor may be calculated and applied for groups of like units burning
the same type of fuel. Please see the Generation sections for further detail of ‘like’ units.

2.2 Fuel Cost Policies and Guidelines (moved from Section 2.3)

A Market Seller may only submit a non-zero cost-based offer greater than the temporary cost
offer methodology if it has a PJM-approved Fuel Cost Policy consistent with each fuel type on
which the resource can operate in accordance with Section 2.2.1 of this manual and Operating
Agreement, Schedule 2. Regulation only resources do not require a Fuel Cost Policy. The Fuel
Cost Policy will be submitted in MIRA, or other system(s) made available for submission of such
data. Submission to MIRA, or other system(s) made available is considered submission to PJM
and the MMU. Market Sellers that offer a schedule with more than one fuel type must ensure
that the portion of the offer for each fuel type is in accordance with the PJM approved Fuel Cost
Policy.

2.2.1 Submission of and/or Modifications to Fuel Cost Policies

Prior to expiration of a Fuel Cost Policy, all Market Sellers will be required to either submit to
PJM and the Market Monitoring Unit an updated Fuel Cost Policy that complies with this
Operating Agreement, Schedule 2 and PJM Manual 15, or confirm that their expiring Fuel Cost
Policy remains compliant. PJM and the Market Monitoring Unit may work with Market Sellers to
extend their currently approved Fuel Cost Policy prior to expiration.

A Market Seller shall submit a new or updated Fuel Cost Policy:

» If a Market Seller has an approved Fuel Cost Policy currently in place and needs to alter it
in order to conform it to the provisions of this Manual or any applicable provisions of PJM’s
governing documents,
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 If any action by a governmental or regulatory agency external to a Market Seller results in
a need for the Market Seller to change its method of fuel cost calculation,

« If there are any material changes to Fuel Cost Policy,
* If PJM requests a Market Seller to submit an updated Fuel Cost Policy, or

 If a Market Seller will be entering a non-zero cost offer for a new or existing resource
without an approved policy into PJM’s energy markets.

The Market Seller shall notify PJM and the MMU that an update to an existing Fuel Cost Policy
or the need for a Fuel Cost Policy for a new resource is required at the earliest possible
opportunity. If PJM requests the Market Seller to submit an updated Fuel Cost Policy, then the
expiration of the Market Seller's current Fuel Cost Policy shall follow the process set forth in
Section 2.3.1.2. The Market Seller shall provide an updated policy to PJM and the MMU:

* For new resources, following the process delineated in Operating Agreement Schedule 2
Section 2.2 (a).

» For resources transferred to another Market Seller, the new Market Seller shall submit a
Fuel Cost Policy to PJM and MMU for review prior to transfer or an alternative date agreed
to by PJM. The new Market Seller may use the temporary cost offer methodology
described in Section 2.2.1.3 for making cost based offers, as an alternative to offering
zero, while a new policy is under evaluation. Note: Changes in dispatch agent do not
require submission of a new policy.

» For existing resources, the Market Seller may use the temporary cost offer methodology
described in Section 2.2.1.3 for making cost-based offers, as an alternative to offering
zero, while the requested update or new policy is under evaluation, in the absence of an
approved Fuel Cost Policy.

2.2.1.1 PJM and MMU Review Timelines and Fuel Cost Policy Effective Date

The MMU shall have an initial 10 Business Days to review a submitted Fuel Cost Policy and an
additional 5 Business Days every time the Market Seller revises the Fuel Cost Policy. At any
time, the Market Seller may request:

* PJM begin its review prior to the completion of the MMU review; or
+ PJM delay its review until after the completion of the MMU review.

Immediately following the MMU's review, or at the Market Seller’s request for PJM to review,
PJM shall have 20 Business Days to review a submitted Fuel Cost Policy and an additional 5
Business Days or an agreed upon date between PJM and the Market Seller every time the
Market Seller revises the Fuel Cost Policy. If PJM rejects a Market Seller's updated Fuel Cost
Policy, PJM must include an explanation for why the Fuel Cost Policy was rejected in its written
notification. All approved Fuel Cost Policies will have an effective date of the next operating day
following approval, or a later date as indicated by PJM in its written notification to the Market
Seller and MMU. The approved policy will be in effect until superseded or expired.
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2.2.1.2 Expiration of a Fuel Cost Policy
(a) PJM, in consultation with the Market Seller and with timely input and advice from the Market
Monitoring Unit, may:

i. Update the Market Seller’'s Fuel Cost Policy expiration date, with at least 90 days notification
to the Market Seller, due to a business rule change in the PJM governing documents.

ii. Immediately expire the Market Seller’s Fuel Cost Policy with written notification to the Market
Seller when a change in circumstance causes the Market Seller’s fuel pricing and/or cost
estimation method to be no longer consistent with the approved Fuel Cost Policy, this Operating
Agreement, Schedule 2 or PJM Manual 15.

(b) If the Market Seller of a generation resource that has transferred from another Market Seller
does not affirm the current approved Fuel Cost Policy on file, then such Fuel Cost Policy shall
expire upon the generation resource’s transfer of ownership.

(c) PJM shall notify the Market Seller and the Market Monitoring Unit in writing the updated Fuel
Cost Policy expiration date and rationale for changing the expiration date.

(d) On the next business day following immediate expiration of a Fuel Cost Policy, the Market
Seller may only submit a cost-based offer of zero or a cost-based offer that is consistent with
the temporary cost offer methodology in Section 2.2.1.3 until a new Fuel Cost Policy is
approved by PJM for the relevant resource.

(e) Market Sellers who have a Fuel Cost Policy that has been immediately expired by PJM will
be provided a three (3) Business Day rebuttal period, starting from the date of expiration, to
submit supporting documentation to PJM demonstrating that the expired Fuel Cost Policy
accurately reflects the fuel pricing and/or estimation method documented in the previously
approved Fuel Cost Policy that was expired. However, if, upon review of the Market Seller’s
supporting documentation, PJM determines that the expired policy accurately reflects the
Market Seller's actual methodology used to develop the cost-based offer that was submitted at
the time of expiration and that the Market Seller has not violated its Fuel Cost Policy, then PJM
will make whole the Market Seller via uplift payments for the time period for which the applicable
Fuel Cost Policy had been expired and the generation resource was mitigated to its cost-based
offer.

2.2.1.3 Temporary Cost Offer Methodology
The temporary cost offer methodology is intended to serve as a temporary Fuel Cost Policy for
Market Sellers negotiating a new policy with PJM in good faith for the following:

» Generation resources that initiate participation in the PJM Energy Market
* Generation resources transferring from one Market Seller to another

+ If the Market Seller does not have an approved Fuel Cost Policy in place upon expiration of
its previously approved policy
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The temporary cost offer methodology shall be comprised of the index settle price at the PJM
assigned commodity pricing point multiplied by heat input curves submitted by the Market
Seller, in accordance with Section 2.1:

» For generation resources that opt-out of intraday offers, the last published closing index
settle price shall be used for all hours of the Operating Day

* For generation resources that opt-in to intraday offers, index settle prices shall be based
on the last published closing settle price for a Il hours of the Operating Day to reflect the:

o Last published closing settle price, if decreased, for hours ending 11 through 24 for
natural gas

o Last published closing settle price, if decreased, for all hours of the Operating Day for
all other fuel types

The commodity pricing point and index publication source shall be assigned by PJM in
consultation with the Market Seller and with timely input and advice from the IMM.

2.2.2 Fuel Cost Calculation
The method of calculation of fuel cost may be updated by the Market Seller no more frequently
than once every 12 months, on a rolling basis, unless required to be changed per Section 2.2.1.

Each Market Seller must review and document its fuel costs in MIRA, or other system(s) made
available for submission of such data, at minimum once per month (12 times per year).
Additionally, each review must occur within forty (40) days of the preceding review. The results
of this review will be used to determine whether a fuel cost update and subsequent change to
the Fuel Cost Policy is necessary.

The method of calculation of fuel cost in MIRA, or other system(s) made available for
submission of such data, may include the use of actual fuel prices paid, e.g. the contract price
paid for fuel, or the spot price for fuel. The contract price for fuel must include the locational cost
of fuel for the generating unit. The source used for spot price for fuel must be publicly available,
reflect the locational cost of fuel for the generating unit, and be verifiable by PJM or the IMM
after-the-fact. The locational cost of fuel shall include specification of any additional incremental
costs of delivery for the generating unit.

Gas pipeline penalties are not permitted to be included with a Market Seller’s cost-based offer.
Gas pipeline penalties, as referenced herein, are charges that are incurred for taking
unauthorized gas in violation of an interstate pipeline and/or LDC tariff or contract. In addition,
gas balancing charges from ratable take gas cannot be included in a Market Seller’s cost-based
offer. However, gas pipeline storage, park and loan, or other similar tariff-based rate for gas
balancing can be included in the cost-based offer once these expenses are incurred. Gas
balancing due to a change in ownership cannot be included.

Each Market Seller must document a standardized method or methods for calculating fuel costs
in the Day Ahead offer period. Fuel cost updates in the Rebid and Intraday periods are optional.
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If a Market Seller chooses to update fuel cost in the Rebid and/or Intraday they must document
a standardized method or methods for those updates and define objective triggers like specific
time periods, Hot/Cold Weather Alerts, pipeline events or notices, or liquidity volumes for
optional updates during those periods in their Fuel Cost Policy.

In order to Opt In to Intraday Offers, Market Seller must validate their cost offers once per day or
business day at a defined time period specified in the Fuel Cost Policy during the Intraday and
update their cost-based offer intraday if costs change from original input used to create the day-
ahead cost offer. During the Intraday update, cost-based offers may be increased but must be
decreased. Additional updates during the Intraday are optional. However, Market Sellers must
define objective triggers like specific time periods, Hot/Cold Weather Alerts, pipeline events or
notices, or liquidity volumes for each additional update.

Each Market Seller must account for situations where applicable indices or other objective
market measures are not sufficiently liquid by documenting in the Fuel Cost Policy the
alternative means actually utilized by the Market Seller to price the applicable fuel used in the
determination of its cost-based offers, such as specifing alternative pricing points or
documented quotes for the procurement of natural gas.

Each Market Seller will be responsible for establishing its own method of calculating delivered
fossil fuel cost, limited to inventoried cost, replacement cost or a combination thereof, which
reflects the way fuel is purchased or scheduled for purchase.

The method of calculation will be consistent with the current effective Fuel Cost Policy and may
only be changed by receipt of final approval pursuant to Section 2.2.1. Fossil fuel cost
adjustments compensating for previous estimate inaccuracies should not be considered when
determining the basic fossil cost component of Total Fuel Related Cost.

Units that co-fire more than one fuel shall weight average the cost of the fuel on a per MMBtu
basis. Units that fire solid waste, bio-mass, or landfill gas shall include the cost of such fuel
when calculating the average even when the cost of such fuel is negative. However, cost offers
for units that fire solid waste, biomass, or landfill gas are not required to be less than zero.

For all units receiving Renewable Energy Credits (RECs) and/or Production Tax Credits (PTCs)
that plan to submit a non-zero cost-based offer shall identify how RECs and/or PTCs are
accounted for in the unit’'s Fuel Cost Policy.

2.2.3 Total Fuel Related Costs
Total Fuel Related Cost is the sum of fuel costs, emission allowance cost, maintenance cost,
and operating cost.

TotalFuelRelatedCosts =

FuelCosts + SO, AllowanceCost + CO, AllowanceCost + NO, AllowanceCost + MaintenanceAdder + OperatingCostAdder
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Escalation of previous year dollar amounts is permitted when the term of calculation exceeds
twelve months. When used, escalation indexes will be the same as those developed for
calculation of incremental Maintenance Adders.

2.2.4 Types of Fuel Costs
Basic Fuel Cost — The cost of fuel calculated as stated in the Market Sellers’ Fuel Cost Policy
(excluding fixed lease expenses).

Note:
Basic Fuel Cost for each unit type will be addressed in subsequent sections.

Incremental Energy Cost —The incremental heat or fuel required to produce an incremental
MWh at a specific unit loading level multiplied by the applicable Performance Factor, multiplied
by the fuel cost plus the appropriate maintenance & operating cost.

Total Cost — The total theoretical heat input minus the no-load heat input at a specific unit
loading level, multiplied by the applicable Performance Factor, multiplied by the fuel cost plus
the appropriate maintenance & operating cost, plus the nNo-lLoad cCost.

2.2.5 Emission Allowances

Each unit that requires SO2 /CO2 /NOx emission allowances (EAs) to operate may include in
and emissions allowance adder in the unit's TFRC cost ($/MMBtu) as determined in the Market
Seller's Emissions Allowances/Adders, described in the Operating Agreement, Schedule 2,
Section 3, which wil be included in the same document(s) as the Fuel Cost Policy.

The emissions allowance section, included in the same document(s) as the Fuel Cost Policy
must include:

* The type of emissions adders that are included in the cost-based offer (CO2/ SO2/NOx),
and the compliance period if applicable

» The source and frequency of updates for emissions rates
» The source and frequency of updates for emissions allowances

+ Units with dual-fuel firing capability must use different emission rates based on the CO2/
S0O2/NOx emitted for each particular fuel or fuel mix

An example of the emission allowance adder calculation must be included in the numerical
example of the unit’'s Fuel Cost Policy. The emission allowance adder may be included in the
unit's TFRC once the Fuel Cost Police has been approved by PJM.

Emissions rates must be submitted to PJM and the Market Monitoring Unit through the Cost
Offer Assumptions (COA) module in MIRA and changed if no longer accurate, in accordance
with Operating Agreement Schedule 2 Section 3 and the Market Seller's approved Fuel Cost
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Policy. PJM will review the emissions rates upon submittal of a new or revised Fuel Cost Policy
and on an as needed basis.

PJM shall establish an expiration date for emissions rates in alignment with the Fuel Cost Policy
expiration, with timely input and advice from the Market Monitoring Unit and Market Seller, and
notify the Market Seller of such date at the time of the emissions rate approval. Market Sellers
must submit updated rates prior to the expiration of the current adder. Once the emissions rate
approval expires, the Market Seller must submit $0 for the generation unit's emissions adder
until a new rate is approved. Market Seller should submit updated emissions rates at least 30
days prior to expiration of the currently approved rates to ensure timely review and approval.

2.2.6 Leased Fuel Transportation Equipment (moved to 2.6.8)

2.2.7 Engineering Judgement in Fuel Cost Calculations

A Market Seller may apply engineering judgement to manufacturer’s data, operating data or the
results of start and run tests in order to derive the components of the total fuel cost. A record of
the results of these determinations shall be kept on file by each Market Seller for use as a
single, consistent basis for scheduling, operating, and accounting applications. These records
shall be made available to PJM or the MMU upon request.

2.2.8 Required Documentation for Cost Offer Development

The Market Seller shall maintain all documentation needed to verify the development of cost-
based energy offers and validate offers intraday. The documentation may include, but is not
limited to, invoices, contracts, screenshots, instant messages, text messages, e-mails, or
recorded phone calls. This information may be requested by PJM or the IMM to verify the
development of cost-based energy offers.

2.3 Incremental Energy Cost

The incremental energy cost is the cost in dollars per MWh of providing an additional MWh from
a synchronized unit.. It consists primarily of the cost of fuel, as determined by the unit’'s
incremental heat rate (adjusted by the performance factor) times the fuel cost. It also includes
operating costs, Maintenance Adders, emissions allowances, tax credits, and energy market
opportunity costs. A Market Seller may submit sloped, stepped, or blocked loaded offers into
PJM’s Markets Gateway system. The formula for calculating a sloped, stepped, or block loaded
incremental offer are show in Section 2.3.1, 2.3.2, and 2.3.3 below.

2.3.1 Sloped Offer Incremental Energy Cost

The sloped function is the continuous first derivative of the heat input function. Units offered
using a sloped function must select the “use offer slope” option in Markets Gateway. Generators
offered using a sloped function must start their incremental offer curve with a zero MW segment.
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The incremental heat rate at zero MW is the y axis intercept of the incremental heat rate
function (the incremental heat rate when MW = 0.).

Incremental Energy Cost in dollars per MWh for a sloped offer can be calculated by:

Incremental Energy Cost (Slope Offer) = Incremental Heat Rate*

Total Fuel Related Cost (ﬁ) + Maintenance Adder ($ / MWh) +
Operating Cost Adder (ﬁ) + Opportunity Cost Adder ($ / MWh)

Incremental Heat Rate — See Section 2.1
+ Total Fuel Related Cost — See Section 2.2.3
* Maintenance Adder — See Section 2.6
* Operating Cost Adder — See Section 2.6.8
* Opportunity Cost Adder — See Section 12

2.3.2 Stepped Load Offer Incremental Energy Cost

The stepped incremental heat rate curve is derived from heat input curves, and direct
measurements at different discrete output levels. Units offered using a stepped function must
not select the “use offer slope” option in Markets Gateway. Generators offered using a stepped
function should submit a nonzero first MW segment.

Incremental Energy Cost in dollars per MWh for a stepped offer can be calculated by:

Incremental Energy Cost (Stepped Offer) =
[Heat Input(i) - Heat Input(i - 1)] | [MWh(i) - MWh(i - 1)]
“Total Fuel Related Cost ($/ MMBtu) + Maintenance Adder ($/MWh)
+ Operating Cost Adder ($/MWh) + Opportunity Cost Adder ($/MWh)

» Heat Input — See section 2.1
o Heat Input (i) is the heat input at the MWh output at the end of the block
o Heat Input (i-1) is the heat input at the MWh output at the beginning of the block
o MWHh(i) is the the MWh at the end of the block
o MWH(i-1) is the MWH at the beginning of the block
» Total Fuel Related Cost — See Section 2.2.3
* Maintenance Adder — See Section 2.6
» Operating Cost Adder — See Section 2.6.8
* Opportunity Cost Adder — See Section 12
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2.3.3 Block Load Offer Incremental Energy Cost

Block Load offers are used when a unit offers only one incremental energy step. The average
heat rate of a block loaded offer is equal to the total heat input needed to run the unit divided by
the total output. When using an average heat rate all the fuel cost is in the incremental offer so
when using a block offer the nNo-load cost must be set to zero. Units offered block loaded must
not select the “use offer slope” option in Markets Gateway. Generators offered block loaded
should submit a nonzero MW segment.

Incremental Energy Cost in dollars per MWh for a block loaded offer can be calculated by:

Incremenatal Energy Cost (Block Offer) =

(A verage Heat Rate(*fj")

or Heat Input@ EcoMAx (MMBtu) | EcoMax (MWh)
*Total Fuel Related Cost ($/MMBtu) + Maintenance Adder ($/MWh)
+ Operating Cost Adder ($/MWh) + Opportunity Cost Adder ($/MWh)

Total Fuel Related Cost — See Section 2.2.3
* Maintenance Adder — See Section 2.6
Operating Cost Adder — See Section 2.6.8

* Opportunity Cost Adder — See Section 12

2.4 Start-up Cost

2.4.1 Start-up Cost Definitions

* For units with soak process: Start Cost shall mean the net unit costs from PJM's
notification to the level at which the unit can follow PJM’s dispatch and from last breaker
open to shutdown.

* For units without soak process: Start Cost shall mean the unit costs from PJM's
notification to first breaker close and from last breaker open to shutdown.

Start - upCost ($ / Start) =
[StartFuel (MMBtu | (Start))* TotalFuelRelatedCost($ | MMBtu)*PerformanceFactor]
+ [StationService(MWh) * StationServiceRate($ | MWh)] + StartMaintenanceAdder($ / Start)

« Start Fuel -

o For units without soak process - Fuel consumed from first fire of start process to
first breaker closing plus fuel expended from last breaker opening to shutdown. For
units with soak process - Fuel consumed from first fire of start process (initial
reactor criticality for nuclear units) to to the level at which the unit can follow PJM’s
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dispatch (including auxiliary boiler fuel) plus fuel expended from last breaker opening
to shutdown, excluding normal plant heating/auxiliary equipment fuel requirements.

* Total Fuel Related Cost — See Section 2.2.3
« Station Service —

o For units without soak process — Station service consumed from PJM’s notification
to first breaker close and electricity consumed after last breaker open to shutdown
above normal base station use. Normal base station service is the consumption prior
to PJM’s notification.

o For units with soak process — Station service consumed from PJM’s notification to
first breaker close and electricity consumed after last breaker open to shutdown
above normal base station use minus net generation produced from first breaker
close to the level at which the unit can follow PJM’s dispatch. Normal base station
service is the consumption prior to PJM’s notification.

- Station Service Rate — A $/MWh value based on the 12-month rolling average off-peak
energy prices updated quarterly by the Office of the Interconnection.

« Start Maintenance Adder — Maintenance adder calculated in $/start (See Section 2.6)

2.4.2 Engineering Judgment in Start Costs

A Market Seller may apply engineering judgment to manufacturers' data, operational data, or
the results of start tests in order to derive the components of unit Start—up Cost. A record of the
results of these determinations shall be kept on file by each Market Seller for use as a single,
consistent basis for scheduling, operating, and accounting applications. These records shall be
made available to the MMU or PJM upon request.

2.4.3 Additional Start Cost Rules
» Pseudo Tied units can only include Start Costs if the entire unit is transferred into PJM.

» Cogenerators cannot include start and no-load cost when they are needed online to meet
host/internal load.

2.5 No_-Load

2.5.1 No-Load Definitions

No-Load Cost ($/hour) - The hourly cost required to theoretically operate a synchronized unit
at zero MW. It consists primarily of the cost of fuel, as determined by the unit’'s no-_load heat
(adjusted by the performance factor) times the fuel cost. It also includes operating costs,
Maintenance Adders, and emissions allowances. .

Revision: 46, Effective Date: 11/19/2024 PJM © 2024 27


http://pjm.com/committees-and-groups/subcommittees/cds/starvrts.aspx

A1

PJM Manual 15: Cost Development Guidelines
Section 2: Policies for All Unit Types

2.5.2 No-Load Fuel

All Market Sellers shall develop nNo-lkoad cCosts for their units. The no-load heat input may be
determined by collecting heat input values as a function of output and performing a regression
analysis. The heat input values as a function of output may be either created from heat rate test
data or the initial design heat input curve for an immature unit.

For units that use a different starting fuel (e.g. coal units), the fuel in the nNo-lLoad cost
calculation cannot be the fuel used during startup and synchronization, but must be the fuel
used during normal operation.

The minimum number of points to develop a heat input curve shall be 2 points for a
dispatchable unit with a variable output and 1 point for a unit with a fixed output.

Sufficient documentation for each generating unit's no-load point in MMBtu’s (or fuel) per hour
shall consist of a single contact person and/or document to serve as a consistent basis for
scheduling, operating and accounting applications PJM and the MMU can verify calculation
methods used are in accordance with the currently approved Fuel Cost Policy and the elements
of Attachment B.

2.5.3 No_-Load Calculation
The initial estimate of a unit's No-Load Cost ($/Hr) is the nNo-ILoad fuel Cost multiplied by the
Performance Factor, multiplied by the (Total Fuel-Related Cost (TFRC))

No - Load Cost($/Hour) =
(No - Load Fuel)*(Performance Factor*Total Fuel Related Cost)

hour hour

+Maintennce Adder( $ )+Operating CostAdder( $ )

» Performance Factor — See Section 2.1

Total Fuel Related Cost — See Section 2.2.3
* Maintenance Adder — See Section 2.6

» Operating Cost Adder — See Section 2.6.8

Units that only operate block loaded (i.e. no dispatchable range) must be offered using an
average heat rate and zero no_-load cost. All the hourly costs of operating the unit must be
included in the incremental energy offer.

2.6 Variable Operating and Maintenance Cost

Variable Maintenance cost is the parts and labor expenses of maintaining equipment and
facilities in satisfactory operating condition.

TotalMaintenance Costyextyear =
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Escalationindex
(AnnualMaintenance Cost* NextYear ) +

EscalationlndexCu rrentYear

EscalationlndexL astYear

Escalationindex
. NextY
(Annua/Ma/ntenanceCost* ext ear) +

Escalationindex
(AnnualMaintenance Cost* NextYear )

Escalationindex; 4<tvear- 1

... +|AnnualMaintenanceCost*

EscalationFactorNextYear )

Escalationindex; oqtyeqr- (Maintenance Period - 1)

There are three components in Variable Operating & Maintenance costs: major maintenance,
minor maintenance and Operating Costs. These costs must be submitted to PJM/IMM for
review and approval prior to the inclusion of such adder (or prior to the expiration of a previously
approved adder) in cost-based offers. Notwithstanding, Market Sellers may elect to utilize the
default minor maintenance adder and/or default operating costs adder.

* Major Maintenance: The Market Seller must submit major maintenance costs (see 2.6.1.1)
to PJM/IMM for review and approval when new major maintenance costs added or
previous costs rolled off maintenance history. Major maintenance must be approved before
they can be included in the cost-based energy offer.

» Minor Maintenance: The Market Seller may use the default adder specified in OA,
Schedule 2 (see 2.6.11) for unit’s technology type if available. The default minor
maintenance adder is calculated to represent the minor maintenance costs (see 2.6.1.2).
In the alternative, the Market Seller may submit unit-specific minor maintenance to PJM/
IMM for review if default adder is not available for unit’s technology type or the Market
Seller elects not to use the default minor maintenance adder. Minor maintenance other
than default adder must be approved before they can be included in the cost-based energy
offer.

» Operating Costs: The Market Seller may use the default adder specified in OA, Schedule 2
(see 2.6.11) for unit’s technology type if available. Otherwise, the Market Seller may submit
Operating Costs (see 2.6.8) to PJM/IMM annually for review. Operating Costs other than
default adder must be approved before they can be included in the cost-based energy
offer.

The Maintenance Adder is based on the actual maintenance expense history of the unit for the
defined Maintenance Period (See 2.6.4) and must be justified with supporting documentation.
The Market Seller shall submit supporting documentation (see 2.6.9) for all costs that are
included in the unit’s historical Maintenance Period. Only expenses incurred as a result of
electric production based on operating hours, starts, or a combination of operating hours and
starts qualify for inclusion. Fixed costs cannot be included. Maintenance Adders may be
included as part of the start cost, no_-load, or incremental energy offer. Maintenance Adders
may be specified as $/Start, $/Hour, $/MMBtu, $/Equivalent Service Hour (ESH), and/or $/MWh.
Multiple Maintenance Adders cannot be used unless multiple variable maintenance payment
criteria (specified in both starts and hours or starts/hours ratios, etc.) specified in LTSA (see
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2.6.10). If multiple Maintenance Adders are used for the same unit(s), the total maintenance
costs must be split into multiple Maintenance Adders to prevent double counting.

The Market Seller can use one Maintenance Adder for multiple units at the same generating
plant only when units are the same technology type, such as aero-derivative CT. And the
Market Seller must include total operating history for all units (for example, total operating hours
for unit 1 plus total operating hours for unit 2 plus total operating hours for unit 3).

A Market Seller who elects to use a default minor maintenance adder specified in OA, Schedule
2 (see 2.6.11) may only submit unit-specific major maintenance costs for review. The major
maintenance costs shall be submitted when major maintenance costs are added to or removed
from the maintenance period. Regardless of when the maintenance is completed, the major
maintenance adder shall include a minimum of 10 years of operating history. PJM will specify an
expiration date upon approval of the major maintenance adder. Market Sellers that are using the
default minor maintenance adder for black start service units shall not use 1% of the total
maintenance dollars as part of their black start service annual revenue requirement.

A Market Seller may submit a unit-specific minor maintenance if the unit does not have a default
minor maintenance adder available for its technology type or the Market Seller elects not to use
the default minor maintenance adder. A Market Seller with tolling agreement must use zero for
the default minor maintenance adder, but may include the variable tolling fees in the
Maintenance Adder. The default minor maintenance adder may be included in the cost-based
energy offer.

The Maintenance Adder may be submitted to PJM and the MMU for review annually, in
accordance with Operating Agreement Schedule 2 Section 4. Market Sellers may only use the
PJM-approved unit-specific Maintenance Adder in their unit’s cost-based offer. PJM will specify
an expiration date upon approval of the Maintenance Adder. Upon the transfer of ownership to a
new Market Seller, the new Market Seller must submit a new Maintenance Adder for PJM
review if a non-zero major maintenance adder and/or unit-specific minor maintenance adder is
desired.

A Market Seller may include a default operating costs adder (see 2.6.11) in the cost-based
energy offer and shall not be required to submit Operating Costs for review. If the Market Seller
elects not to use the default operating costs adder, or the unit does not have a default operating
costs adder available for its technology type, the Market Seller may submit the Operating Costs
to PJM and the MMU for review annually, in accordance with Operating Agreement Schedule 2
Section 4. Market Sellers may only use the PJM-approved unit-specific Operating Costs in their
unit’s cost-based offer. PJM will provide the expiration date of a PJM-approved Operating Costs
upon approval of the Operating Costs. Upon the transfer of ownership to a new Market Seller,
the new Market Seller must submit a new Operating Costs for PJM review if a non-default
operating costs adder is desired.

Market Sellers may only change the format of the major maintenance Adder (i.e., $/MMBtu,
$/MWh, $/Start, etc.) once per calendar year. In addition, once the Maintenance adder is
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approved by PJM, the adder can only be included in the corresponding portions of the
associated cost based energy offer components (i.e., nNo-lLoad cCosts, Incremental Energy
Costs, Start-Up Costs).

Market Sellers may only change the format of the Operating Costs (i.e., $MMBtu, $/MWh) once
per calendar year. In addition, once the Operating Costs have been approved by PJM, the
adder can only be included in the corresponding portions of the associated cost based energy
offer components (i.e., nNo-lLoad cCosts, Incremental Energy Costs, Start-Up Costs).

The Maintenance Adder or Operating Costs and corresponding supporting documentation shall
be submitted to PUM/IMM by June 15 of the year that adder expires; PJM shall provide final
approval decisions by December 31.

If a Market Seller feels that a unit modification or required change in operating procedures will
affect the unit's Maintenance Adder, the revised Maintenance Adder must be submitted to PJM
and the MMU for review and PJM-approval prior to use in cost-based offers.

2.6.1 Allowable Maintenance Expenses

Maintenance Costs are expenses incurred as a result of electric production. Allowable expenses
can include repair, replacement, inspection, and overhaul expenses, including Long Term
Service Agreements (LTSA), related to the following systems and/or their associated FERC
accounts identified later in this manual — steam turbine, gas turbine, generator, boiler, Heat
Recovery Steam Generators (HSRG), main steam, feed water, condensate, condenser, cooling
towers, transformers, and fuel systems. Allowable expenses are maintenance costs that vary
directly with the electric production, such as run hours or starts. The maintenance listed below
are not exhaustive. A Market Seller may include capital costs or expense costs in cost-based
offers if those costs are similar to the costs outlined in this provision, so long as they are
variable costs that are directly attributable to the production of electricity.

2.6.1.1 Major Maintenance

Major maintenance are overhauls, repairs, or refurbishments that require disassembly to
complete of boiler, reactor, heat recovery steam generator, steam turbine, gas turbine, hydro
turbine, generator, or engine. Major maintenance include, but are not limited to, the following
costs:

* turbine blade repair/replacement;

» turbine diaphragm repair;

+ turbine casing repair/replacement;

* turbine bearing repair/refurbishment;

 turbine seal repair/replacement and generator refurbishment;

+ Selective Catalytic Reduction and CO Reduction Catalyst replacement;
» compressor blade repair/replacement;
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* hot gas path inspections, repairs, or replacements;
» steam stop valve repairs;

» steam throttle valve repairs;

» steam nozzle block repairs;

» steam intercept valve repairs;

* generator stator or rotor rewind, refurbishment, or replacement;
» scrubber refurbishment;

+ water wall panel replacement;

» pendant or super heater replacement;

* economizer replacement;

« diesel/reciprocating engine overhaul;

* reactor refueling;

» steam generator overhaul/replacement.

2.6.1.2 Minor Maintenance

Minor maintenance are repairs or refurbishments on equipment and components directly related
to electric production, such as main steam, feed water, condensate, condenser, cooling towers,
transformers, gas turbine inlet air and exhaust, and fuel systems. Minor maintenance include
but are not limited to, the following costs associated with the aforementioned systems:

+ heat transfer replacement and cleaning;

+ cooling tower fan motor and gearbox inspection;

+ cooling tower fill and drift eliminators replacement;
* air filter replacement;

* repair and replacement of valves & piping components, control equipment, pumps, motors,
condenser components, transformers, cabling, breakers, motor control centers, switch
gear, fuel & ash handling, SCR & Scrubber emission control equipment and components,
mills burners, boiler components, fan components, reactor recirculation components,
hydraulic control rod drive system components and reactor components.

Minor Maintenance include repairs and replacements done as the result of component failure or
prior to failure due to limited remaining life. They could include maintenance work done while
the unit is operating or during unplanned or scheduled outages. Maintenance work during
annual or otherwise time based outages could also be considered minor maintenance as long
as the repairs and replacements are due to wear and tear from electrical production.

Minor Maintenance do not include preventative maintenance surveys done on a time basis such
as oil sampling, vibration surveys, infrared surveys, or annual or time based oil or filter changes.
However, any repair or replacements that are done as the result of the survey for wear and tear
from electric production or limited remaining life are considered minor maintenance.
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2.6.1.3 Unallowable Expenses

Maintenance Costs that cannot be included in a unit's cost-based offer are expenses that are
not a function of starts or run hours, such as annual or time-based preventative maintenance
(vibration surveys, oil sampling, infrared surveys, conditioning monitoring, annual condenser
cleaning, weekly filter changes, annual or monthly CT borescope inspection, etc.), buildings,
HVAC, compressed air, closed cooling water, heat tracing/freeze protection, control room
equipment and software, reactor safety system and plant water treatment systems. Typically, if
the system is needed to remain in-service when the unit is not in operation expenses related to
it cannot be included in a unit’s cost based offer.

Upgrades or replacement of existing equipment with capital upgrades/enhancements typically
cannot be included in the calculation of a unit's maintenance adder. If the equipment is being
upgraded because the original equipment is obsolete and can no longer be procured, this
expense is considered a replacement and can be included.

Expenses for repairs and or replacements due to weather events also cannot be included in a
unit’'s maintenance history, items that have failed, for example, due to a lighting strike or
external weather corrosion are not directly related to electric production.

2.6.2 Labor Costs

Labor costs included in cost-based offers are limited to start-up costs for additional staffing
requirements and do not include straight-time labor costs. Only staff overtime or contractor labor
incurred for costs referenced in Section 2.6.1 of Manual 15 can be included in maintenance
adder. Staff overtime or contractor labor to augment existing operations staff to run the unit
cannot be included in the unit’s cost-based offer.

2.6.3 Escalation Index
Escalation Index is the annual escalation index derived from the Handy - Whitman Index Table
published at the PJM website link below:

https://www.pjm.com/committees-and-groups/subcommittees/cds/handy-whitman-index.aspx

These escalation indices could be used in the calculation of generating unit Maintenance
Adders and Operating Costs.
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2.6.4 Maintenance Period

A unit must choose a rolling historical period based on calendar year. A unit may choose a
10-year or 20-year period for maintenance cost, or all available actual maintenance history if a
unit has less than 20 years of maintenance history. Once a unit has chosen the historical period
length, the unit must stay with that period until a significant unit configuration change. Significant
unit configuration change is defined as any change to the physical unit’'s system that
significantly affects the maintenance cost for a period greater than 10 years. Examples of a
significant unit configuration may include but are not limited to:

* Flue Gas Desulfurization (FGD or scrubber)

» Activated Carbon Injection (ACI)

+ Selective Catalytic NOx Reduction (SCR)

+ Selective Non-Catalytic NOx Reduction (SNCR)
* Low-NOx burners

* Bag House addition

* Long-term Fuel change (greater than 10 years)
» Water injection for NOx control

* Turbine Inlet Air Cooling

A maintenance period choice may also be given in circumstances of change in ownership
necessitating a new Generation Interconnection Agreement (GIA). Change of ownership within
the same holding company is not eligible to change the historical maintenance period.

2.6.5 Incremental Adjustment Parameter

Incremental Adjustment Parameter is defined as any variable cost incurred in the production of
energy for PJM dispatch that is not included in the CDS guidelines for Total Fuel Related Costs
or Maintenance Adder. This includes any variable cost that has been previously approved
pursuant to Cost Methodology and Approval Process for inclusion. These records shall be made
available to PJM and MMU upon request.

2.6.6 Equivalent Service Hours Maintenance Cost
» The Equivalent Service Hours Maintenance Cost. This is defined as total maintenance
dollars divided by equivalent service hours.
EquivalentServiceHoursMaintenanceCost ($/ ESH) =

TotalMaintenanceDollars
EquivalentServiceHours

+ Estimated Year 2011 Total Maintenance Cost calculation example for a CT:

TotalMaintenance Costyy11 =
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+
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AnnualMaintenanceCostygos™ Escalationindexzon +
2008 Escalationindexong

. . Escalationlndex2011
. (AnnuaIMa/ntenanceCostzooo Escalationing exzooo)

» Equivalent Service Hours calculation example:
EquivalentServiceHours =
(CyclicStartingFactor*NumberOfStarts) + TotalOperatingHours +
(CyclicPeakingFactor*NumberOfHoursAboveBaseload)

Note:

Cyclic Starting Factors and Cyclic Peaking Factors can be used only when the maintenance
adder is in $/ESH and the values can be supported by LTSA or OEM. They shall be
consistently used for equivalent service hours and cost based offer calculations for simple
cycle or combined cycle CT major maintenance costs only. Cyclic Fuel Factors can be used
in the calculation of ESH if specified in the LTSA or OEM. Multiple cyclic peaking factors can
be included in the calculation of ESH if specified in the LTSA or OEM. Cyclic Starting Factors
and Cyclic Peaking Factors values shall be consistently used for equivalent service hours
and cost based offer calculations for CC and CT Units. See cyclic starting factor and cyclic
peaking factor in sections 5.6.3 & 6.6.3.

2.6.7 Immature Units: Maintenance Costs
Immature Units - Units with neither 10 years of operation nor 50,000 Operating Hours.

Immature Units should use actual available costs. Maintenance costs, operating costs and
operating history must correspond to the number of years for which supporting documentation is
available.

When a resource has less than one calendar year of operating history available, the Market
Seller may use the default minor maintenance adder and default operating costs adder specified
in OA, Schedule 2 (see 2.6.11). The major maintenance adder must be O.

Once a unit reaches either 10 years of operation or 50,000 Operating Hours, it is considered a
mature unit. Once a unit is mature, it will use actual historical maintenance cost and the Market
Seller will decide to use a 10 or 20 year history (See section 2.6.2). If a mature unit has less
maintenance history than its elected historical period, the Market Seller will use all available
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history to calculate the Maintenance Adder. For mature units that transferred ownership, the
new owner should include maintenance and operating costs for which supporting
documentation is available. Operating history must reflect at least 10 (up to 20) years.

2.6.8 Operating Costs
The Operating Costs can be represented by the default adder specified in OA, Schedule 2 (see
2.6.11) or submitted by the Market Seller to PJM/IMM to review.

The Operating Costs may be calculated based on a fixed or rolling average of values from one
to five years in length, reviewed (and updated if changed) annually, or a rolling average from
twelve to sixty months in length, reviewed (and updated if changed) monthly. Both the term and
the frequency of the Operating Cost calculation shall be included in the Market Seller’s
Operating Costs.

» Allowable Operating Cost include lubricants, chemicals, Limestone, Trona, Ammonia,
acids, caustics, water injection, demineralizers, ash disposal, and waste disposal.
Operating Cost also include variable Title V and other applicable emissions fees.

* Allowable Operating Costs must be directly related to electric production. They are
incurred or used during startup, while operating producing MWs, or during shutdown. If any
of the operating costs incurred have already been included in the start-up cost, such costs
will not be allowed as operating costs.

* Market Sellers will be allowed to include additional operating costs via the Section 1.8 cost
methodology and approval Process. Acceptable items will be added to M15 during the
biennial revision.

« Operating Costs may be specified as $/MMBtu or $/MWh only.

» Escalation of previous year's Operating Costs dollar amounts is permitted when the term of
calculation exceeds twelve months. When used, escalation indexes will be the same as
those developed for calculation of incremental Maintenance Adders.

* Market Sellers that elect to use monthly rolling average shall submit the operating cost
adder value to PJM and IMM via COA monthly if no cost items change; If cost items
change, Market Sellers must also submit a new Operating Costs to PJM and IMM.

2.6.8.1 Leased Fuel Transportation Equipment
Leased Fuel Transportation Equipment Cost —Expenses incurred using leased equipment to
transport fuel to the plant gate.

Only the leased equipment costs that vary with electric production can be included in the
Operating Costs. If the costs are fixed, they must be excluded. If the costs are based on a
charge for every unit of fuel delivered, such costs should be included in the fuel costs and not
included in Operating Costs.
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2.6.9 Supporting Documentations

The supporting documentations for the Maintenance Adder and Operating Costs may be in the
format of maintenance management system records, general ledger data, accounting records or
invoices. The maintenance expenses and operating costs and supporting documentation must
be linked and traceable. The supporting documentation must clearly show how each cost item
was calculated.

Supporting documentations for maintenance expenses shall include the work order and/or
description of maintenance activities performed.

Supporting documentations for operating costs shall include the amount of each consumable
used while in operation, and the cost per unit of each consumabile.

2.6.10 Maintenance Adder with LTSA
When LTSA costs are included, the Market Seller shall use the format of adder consistent with
the variable maintenance payment criteria (i.e. $/starts, $/hours, etc.) specified in LTSA.

The adder format shall be consistent with the maintenance expense and is a function of units
starts or run hours. For example, if the maintenance expenses are a function of starts, the
Maintenance Adder shall be in $/start.

Units that have LTSA or OEM documentation which specifies N-Ratio (i.e. run hours divided by
number of starts) for maintenance payments will apply those in consistent manner in submitting
Maintenance Adder. For example, a Market Seller allocates the dollars charged based on starts
and divide by total starts to get a $/start adder; and allocates the other dollars charge based on
hours and divide by total hours to get a $/hour adder.

2.6.11 Default Adders

A Market Seller may elect to utilize a default minor maintenance adder or submit unit-specific
minor maintenance costs to the Office of Interconnection and the Market Monitoring Unit. Al
maintenance costs on a unit-specific basis must be submitted to the Office of Interconnection
and the Market Monitoring Unit.

A Market Seller may include a default operating costs adder in the cost-based energy offer in
lieu of submitting unit-specific operating costs for review and approval.

Techrelegy—ee | PelouliMirerMalrdierense | Peleui-Cperaiing-tesis
Acldor LRAAARY Al Lo
Cerred-yele 8-0g 9-4c
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The default adders shewn-abeve shall be escalated annually utilizing the Handy-Whitman Index
and shall be posted annually by the Office of Interconnection. The default adders may not be
utilized by a Market Seller prior to the expiration of a unit-specific maintenance adder or
operating costs adder previously approved by the Office of Interconnection.

2.7 Synchronized Reserve

Synchronized Reserve is the capability that can be converted fully into energy within 10
minutes or customer load that can be removed from the system within 10 minutes of the request
from the PJM dispatcher, and must be provided by equipment electrically synchronized to the
system.

Market Sellers that request and receive reimbursement from PJM for the costs associated with
operating a generating unit in the condensing mode or for altering the output of a generator at
the request of PJM in order to provide Synchronized Reserves must maintain records to
document how those costs were calculated. These records shall be made available to PJM
upon request.

2.8 Regulation Service

Regulation is the capability of a specific resource with appropriate telecommunications, control
and response capability to increase or decrease its output in response to a regulating control
signal to control for frequency deviations

The cost-based regulation offer is split into two portions:

» The Regulation Capability portion consists of the fuel cost increase and unit specific heat
rate degradation due to operating at lower loads and the margin risk adder;

» The Regulation Performance portion consists of the cost increase in VOM, cost increase
due to heat rate increase during non-steady state operation and, where applicable, energy
losses for energy storage devices. The $/MW value determined in the performance offer
will be converted to cost per mileage $/AMW by dividing the value by the mileage AMW/
MW for the applicable signal for that offer as described in Manual 11.

* Regulation Capability costs to provide Regulation Service from a unit shall include the
following components up to but not exceeding:

RegulationCapabilityCosts($ / MWh) <

(Fuel Cost Increase and UnitSpecific Heat Rate Degradation due to Operating at Lower Loads)

Revision: 46, Effective Date: 11/19/2024 PJM © 2024 38



&1

PJM Manual 15: Cost Development Guidelines
Section 2: Policies for All Unit Types

+MarginRisk Adder

* Regulation Performance costs to provide Regulation Service from a unit shall include the
following components up to but not exceeding:

Regulation Performance Costs ( < ﬁ,w) <
{Cost Increase in VOM + Cost Increase due to Heat Rate Increase during nonsteady state operation
(above heat rate factor not to exceed 0.35%) + (Energy Storage Unit Losses)}| A MW | MW

Fuel Cost Increase and Unit Specific Heat Rate Degradation due to Operating at lower
loads

The costs (in $/MWh of Regulation) to provide Regulation Service from units shall not exceed
the fuel cost increase due to operating the unit at lower loads than at the optimal economic
dispatch level load and the unit specific heat rate degradation from operating at lower loads,
resulting from operating the unit at lower MW output incurred from the provision of Regulation
over the entire generator MW range of providing Regulation Service.

Cost Increase due to Heat Rate increase during non-steady state

The cost (in $/MWh of Regulation) increase due to the heat rate increase resulting from
operating the unit at a non-steady-state condition. This heat rate loss factor rate shall not
exceed 0.35% of the top Regulation load MW heat rate value.

Margin/Risk Adder
Margin Risk Adder shall not exceed $12.00 per MWh of Regulation Service provided.
Energy Storage Unit Losses

Energy storage unit losses can only be greater than zero for energy storage type devices and
calculated in accordance with the guidance provided in section 11.8.

Cost increase in VOM

The cost increase (in $/MWh of Regulation) of variable operations and maintenance (VOM) cost
resulting from operating the unit at lower MW output incurred from the provision of Regulation.
VOM costs shall be calculated by the following methods and shall not exceed those levels
below:

For any unit that does not have a PJM approved Maintenance Adder, the following variable
operation and maintenance (VOM) costs can be applied by unit type to the following:
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Unit Type VOM

Super-critical Steam: $10.00 per MWh of Regulation

Sub-critical Steam: $3.50 per MWh of Regulation

Combined Cycle: $2.50 per MWh of Regulation

Combustion Turbine: $2.00 per MWh of Regulation

Hydro: $1.00 per MWh of Regulation

Energy Storage: Based on OEM estimates initially and actual as
history is available

Exhibit 1: VOM for all Hydro Units or Non-Hydro Units providing service for less than 10 years

Any unit that has a PJM approved Maintenance Adder can use the VOM rates above if the
annual VOM dollar amounts resulting from those rates included in Regulation cost based offers,
are subtracted from the escalated 10 or 20 year historical total VOM accounts and the
Regulation MWh based on the average of the last three years.

Energy storage units that participate only in regulation Service shall include all their VOM Cost
increase in VOM adder in Regulation cost offers.

For example, a 100 MW sub-critical coal fired steam unit that has been providing Regulation
Service for 30 years. The unit averaged 5,000 MWh of Regulation Service over the last three
years and the escalated 20 year historical total VOM = $10,000,000.

Annual VOM Costs to Subtract

= ($3.50 per Regulation MWh * 5,000 MWh) * 20 years

= $17,500 per year * 20 years

= $350,000

20-year balance of historical total VOM accounts
= $10,000,000 - $350,000
= $ 9,650,000

Exhibit 2: Example of VOM for Non-Hydro Units providing Regulation for more than 10 years

Actual Regulation VOM incremental costs submitted and evaluated pursuant to the Cost
Methodology and Approval Process.
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For Example for a Sub-critical Coal-Fired Steam Unit providing Regulation Service for the last
seven years:

Data Submitted by Participant | Value Units

Fuel $1.50 $/MMBtu
Heat Rate @ EcoMax 9,000.00 MMBtu/KWh
Heat Rate @ RegMin 12,5000.00 MMBtu/KWh
VOM $3.50 $/MW of Regulation
EcoMax 100.0 MW
RegMin 40.0 MW

Unit Reg Band 10.0 MW

Margin Adder $12.00 $/MW of Regulation

Heat Rate Adjustment

(Operating Range)

Unit Base Load Heat Rate Fuel 360.0 MMBtu/Hr
Input

Unit Reduced Load Heat Rate 500.0 MMBtu/Hr
Fuel Input

Difference 140.0 MMBtu/Hr

UnitBaseloadHeatRateFuellnput =
UnitBaselLoadHeatRate*RegMin*1MMBtu [ 1,000,000 MMBtu*1,000 kW /MW
UnitBaselLoadHeatRateFuellnput =
9,000 MMBtu | kWh*40 MW*1MMBtu [ 1,000,000MMBtu*1,000 kW/ MW = 360 MMBtu | Hr
UnitReducedlLoadHeatRateFuellnput =
UnitReducedLoadHeatRate*RegMin*1MMBtu [ 1,000,000MMBtu*1,000 kW /| MW
UnitReducedlLoadHeatRateFuellnput =
12,500MMBtu | kWh*40 MW*1MMBtu [ 1,000,000MMBtu*1,000kW/ MW = 500 MMBtu | Hr
Difference = UnitBaselLoadHeatInput — UnitReducedlLoadHeatInput
Difference = 500MMBtu | Hr — 360MMBtu | Hr = 140MMBtu [ Hr
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Heat Rate Adjustment (Non-

Steady State Operation)

Total Operating Point Heat Rate 9,000.0 MMBtu/kWh

Heat Rate Loss Factor (Max per 0.35%

M15)

Heat Rate Loss 3.15 MMBtu/Hr
HeatRatelLoss =

(EconomicMaximumHeatRate*0.35%)*1MMBtu / 1,000,000MMBtu*1,000kW/ MW*EconomicMaximumMW
Heat Rate Loss =
(9,000MMBtu | kWh*035%)*1MMBtu [ 1,000,000MMBtu*1,000kW/ MW = 3.15 MMBtu | Hr

(a) Heat Rate Adjustment

(Operating Range)

Fuel Cost Adder — Operating $3.50 $/Hr/MW of Regulation
Range

FuelCostAdder =

(Difference*FuelCost) | (EconomicMaximumMW - RegulationMinimumMW)

For Example:
FuelCostAdder =
(140 MMBtu | Hr*$1.50 /| MMBtu) [ (100MW - 40MW) = $3.50 | Hr| MW

(b) Margin Risk Adder

Margin/Risk Adder $12.00 $/Hr/MW of Regulation

Maximum Capability Offer

Heat Rate Adjustment(Operating Range) + Margin 15.5 $/Hr/MW of
Adder Regulation

Historic Mileage

RegA 5
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** This value is an example substitute for the average value for RegA.

(c) Heat Rate Adjustment (Non

Steady-State Operation) Value

Fuel Cost Adder — Non Steady- $0.50 $/Hr/MW of Regulation
State Operation

FuelCostAdder = (HeatRatelLoss*FuelCost) | RegulationBandMW

For Example:
FuelCostAdder = (3.15 MMBtu [ Hr*$1.50 | MMBtu) /| 10MW = $0.50 / Hr| MW

(d) VOM Adder

Regulation VOM Adder $3.50 $/Hr/MW of Regulation

Maximum Performance

Offer

(c+d)/Historic Mileage $0.80 $/AMW

MaximumPerformanceOffer =

[FuelCostAdder (NonSteadyStateOperation) + RegulationVOMAdder] | HistoricMileage

Regulation Maximum Allowable Cost Adder Example:
FuelCostAdder =

[$0.50 / Hr/ MW +$3.50 | Hr| MW][5 A MW [ MW = $0.80 | Hr| MWofRegulation

Exhibit 3: Regulation Maximum Allowable Cost Adder Example

2.9 Ten Percent Adder

In accordance with the Operating Agreement, Market Sellers can include a ten percent adder in
their start-up, no-load, and incremental energy offers. The ten percent adder is limited in the
following situations:

 For incremental energy offers less than $2,000/MWh the ten percent adder is limited to the
lesser of 10% or $100 MWh, the sum of which shall not exceed $2,000/MWh

 And for incremental energy offers greater than $2,000/MWh, the ten percent adder is
limited to $0/MWh.
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For example a Market Seller calculates the following incremental energy costs for the unit

MW Incremental Cost ($/MWh)
100 800

200 1100

300 1950

400 2005

Then the allowable ten percent adder for each MW step would be

MW Incremental Cost | Calculated 10% | Limitation Allowable 10%
($/MWh) Adder ($/MWh) Adder ($/MWh)
100 800 $80 N/A $80
200 1100 $110 Lessor of 10% or | $100
$100
300 1950 $195 Sum shall not $50
exceed $2000/
MWh
400 2010 $201 10% Adder = $0 $0
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Section 3: Nuclear Unit Cost Guidelines

This section presents information relevant for cost development for nuclear units.

Nuclear Plant — A facility that is licensed to produce commercial power from controlled nuclear
reactions to heat water to produce steam that drives steam turbines generators.

3.1 Nuclear Heat Input/Rate and Performance Factors

Note:
The information in Section 2.1 contains basic Heat Input/Rate and Performance Factor
information relevant for all unit types including nuclear units.

3.2 Fuel Cost

Note:
The information in Section 2.2 contains basic Fuel Cost information relevant for all unit types.
The following information only pertains to nuclear units.

3.2.1 Basic Nuclear Fuel Cost

Basic Nuclear Fuel Cost -Basic nuclear fuel cost shall be based on the dollars in FERC
Account 518, less in-service interest charges (whether related to fuel that is leased or
capitalized). This quantity shall be calculated in units of dollars per MMBtu, as forecast for the
applicable fuel cycle.

BasicNuclearFuelCost ($ | MMBtu) = (Dollars in FERC Account 518 - InterestCost)
| Fuel Cycle Heat Input (MMBtu)

See definition in FERC account 518 in Attachment A, A2.5

3.2.2 Total Fuel-Related Costs for Nuclear Units

Note:
%’otalFuelRelatedCostsforNuclearUnits = BasicNuclearFuelCost + MaintenanceAdder
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3.3 Incremental Energy Cost

Note:
The information in Section 2.3 contains basic Incremental Energy Cost information relevant
for all unit types. The following information only pertains to nuclear units.

3.4 Start-up Costs

Note:
The information in Section 2.4 contains basic Start-up Cost information relevant for all unit
types. The following information only pertains to nuclear units.

Start-up Cost — The dollars per start as determined from start fuel, Total Fuel-Related Cost,
Performance Factor, electrical costs, and start maintenance adder. . Start-up Costs for nuclear
units include a soak process and shall never be less than zero.

Start up Cost ($/Start) =
(Start Fuel Consumed (MMBtu/ Start)*TFRC($ / MMBtu)*Performance Factor)
+(Station Service (MWh)*Station Service Rate ($/ MWh))
+Start Maintenance Adder ($/ Start)

Start Fuel Consumed is the start fuel during the unit specific start time plus notification time to
to the level at which the unit can follow PJM’s dispatch (including auxiliary boiler fuel) plus the
shutdown fuel from last breaker opening to shutdown (not to exceed the unit specific minimum
down time minus the unit specific hot start time) excluding normal plant heating/auxiliary
equipment fuel requirements. Start fuel included for each temperature state from breaker
closure to the level at which the unit can follow PJM’s dispatch shall not exceed the unit specific
soak time period reviewed and approved as part of the PJM/IMM unit specific parameter
process or the defaults below:

+ Cold Soak Time = 0.73 * unit specific Minimum Run Time
* Intermediate Soak Time = 0.61 * unit specific Minimum Run Time
* Hot Soak Time = 0.43 * unit specific Minimum Run Time

Market Sellers can request unit specific soak times through the PJM/IMM unit specific
parameter review process.

TFRC = Total Fuel Related Cost (See Section 2.2.3)
Station Service is Station power consumed from PJM notification to first breaker close,

Plus (+) station power consumed after breaker open to shutdown above normal base unit use,
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Minus (-) net generation produced from first breaker close to the level at which the unit can
follow PJM'’s dispatch.

Normal base station use is the consumption prior to PJM’s notification. Net generation included
for each temperature state from breaker closure to dispatchable output shall not exceed the unit
specific soak time period reviewed and approved as part of the PJM/IMM unit specific
parameter process or the defaults above.

Station Service Rate - A $/MWh value based on the 12-month rolling average off-peak energy
prices updated quarterly by the Office of the Interconnection.

Start Maintenance Adder - (See Section 2.6)

3.4.1 Hot Start-up Cost
Hot Start-up Cost is the expected cost to start a steam unit, which is in the "hot" condition. Hot
conditions vary unit by unit, but in general, a unit is hot after an overnight shutdown.

3.4.2 Intermediate Start-up Cost

Intermediate Start-up Cost is the expected cost to start a steam unit during a period where
neither hot or cold conditions apply. Use of intermediate start cost is optional based on Market
Seller’s policy and physical machine characteristics. The only restriction is that once an
intermediate Start-up Cost is defined for a unit, the cost must be used consistently in scheduling
and accounting.

3.4.3 Cold Start-up Cost
Cold Start-up Cost is the expected cost to start a steam unit that is in the "cold" condition. Cold
conditions vary unit by unit, but in general, a unit is cold after a two or three-day shutdown.

3.5 No-Load Cost

Note:
The information in Section 2.5 contains basic nNo-lLoad cCost information relevant for all
unit types including nuclear units.

3.6 Maintenance Cost

Note:
The information in Section 2.6 contains basic Maintenance Cost information relevant for all
unit types including nuclear units.
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Nuclear Maintenance Adder - The dollars per unit of fuel (or heat) as derived from FERC
Accounts 530 and 531 for nuclear steam units. Market Sellers that use FERC Accounts must
remove straight time labor when calculating the Maintenance Adder.

3.6.1 Configuration Addition Maintenance Adder

For units undergoing a significant system or unit Configuration Addition the use of an additional
“Configuration Addition Maintenance Adder” may be included in the determination of the total
maintenance adder. It is not intended to be used for upgrades to existing equipment

Examples of significant system or unit Configuration Additions may include but are not limited
to:

» Conversion from open loop to closed loop circulation water systems

The specific system or unit configuration system change must be reviewed by PJM and the
MMU for evaluation pursuant to the Cost Methodology and Approval Process prior to approving
the use of a Configuration Addition Maintenance adder.

To calculate Total Maintenance Dollars for 2011, this example assumes a maintenance period
of 10 years; please see section 2.6.3 for further explanation of Maintenance Periods.

TotalMaintenanceCostyp11 =

(FERC 530 & FERC 531 - StartCosts in FERC 530 & FERC 5312010)*

Escalationlndex201 1
Escalationlndexzm 0 )

. Escalationlndexzo1 1
+((FERC 530 & FERC 531 - StartCosts in FERC 530 & FERC 5315009)* )

Escalationlndex2009

. Escalationlndex201 1
+((FERC 530 & FERC 531 - StartCosts in FERC 530 & FERC 5315005 )

Escalationlndex2008

. Escalationlndexzo1 1
((FERC 530 & FERC 531 - StartCosts in FERC 530 & FERC 5312000)* )

EscalationlndexZOOO

This formula calculates total fuel for the maintenance period:

TotalFuel = Fuelxg1g+ Fuelygog + Fuelygos + ... Fuelxggg
These allow for the calculation of the maintenance adder.

Example of Nuclear Unit's Formula of Maintenance Adder:

, TotalMai Doll
MaintenanceAddersq, = -2ManteranceDolars

To calculate the Start Maintenance Adder, calculate the total Start Maintenance Cost. Please
note the expenses in the maintenance adder and the expenses in the start maintenance adder
are mutually exclusive.
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TotalStartMaintenanceCost =

X -
Escalat/onlndexzm 0

((Stan‘Costs in FERC 530 & FERC 531)
2010

Escalationlndex2011 )

+ (StartCosts in FERC 530 & FERC 531) X oo

2009

Escalationlndex201 1 )

X -
Escalatlonlndex2008

+((StartCosts in FERC 530 & FERC 531)
2008

Escalan‘ionlndex2011 )

. (Stan‘Costs in FERC 530 & FERC 531)

Escalationlndexzm 1 )

2000 . Escalationlndexzooo

This formula calculates the total number of starts:

TotalStarts = Startsogig+ Startsogog + Startsoggs + Startsoogo

These allow for the calculatlon of the start malntenance fder
tla gtlonA@jL%t %?gfa Sta I%QJIJ

TotalStarTszOOO

3.6.2 Calculation of the Configuration Addition Maintenance Adder:

The Configuration Addition Maintenance adder is to be calculated in the same manner as the
maintenance cost adder described in this section with the exception that the Configuration
Addition Maintenance total maintenance dollars (CATMD) are only the incremental additional
costs incurred because of the system or unit configuration change.

As with the current maintenance adder calculation, the adder for year (Y) uses the actual costs
beginning with year (Y-1). Therefore, the first year of actual incremental additional expenses will
be captured by the CAMA in the second year.

Following the initial year of use of the CAMA, each additional year’s Configuration Addition
Maintenance cost will be incorporated into the Configuration Addition Maintenance adder until
the end of the historical maintenance cost period selected for the unit.

To calculate the Configuration Addition Maintenance Adder, calculate the solely incremental
Maintenance Cost for the Configuration Change. Please note these expenses are purely
incremental.

TotalConfigurationAdditionMaintenanceDollars =

Incremental(FERC 530 + FERC 531 -

Escalationindexoq 1 4 +
StartCost FERC 530 + FERC 531)5919 X

Escalationlndexzm 0
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Incremental(FERC 530 + FERC 531 -

Escalationindexygq4 | +
StartCost FERC 530 + FERC 531 )2009 X

Escalationlndex2009

Incremental(FERC 530 + FERC 531 -
Escalationindexpgq1 |+

StartCost FERC 530 + FERC 531)2005 * “Escarstonindexeses

Incremental(FERC 530 + FERC 531 -

Escalationlndexzm 1

StartCost FERC 530 + FERC 531 )2000 X Escalationindexpggq

TotalConfigurationAdditionDollars
TotalFuel

ConfigurationAdditionMaintenanceAdder =

Exhibit 4: Nuclear Unit's Formula of Configuration Addition Maintenance Adder

3.6.3 Reductions in Total Maintenance Costs

While it is expected that the Configuration Addition Maintenance adder will most often be used
to cover step increases in maintenance costs, it is also to be used to capture step decreases in
maintenance costs resulting from a significant system or unit configuration change that results in
a significant reduction in maintenance costs. Any equipment that falls into disuse or is retired
because of the configuration change must have its maintenance expenses removed from the
historical record used to develop the maintenance adder. An example of a significant system or
unit configuration change that may result in a step decrease in qualified maintenance costs
includes, but is not limited to, conversion from open loop to closed loop circulation water
systems.

3.7 Synchronized Reserve Cost

Note:
The information in Section 2.7 contains basic Synchronized Reserve information relevant for
all unit types including nuclear units where applicable.

3.8 Regulation Cost

Note:
The information in Section 2.8 contains basic Regulation information relevant for all unit
types including nuclear units where applicable.
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Section 4: Fossil Steam Unit Cost Development

This section contains information pertaining to Fossil Steam Unit Cost development.

Fossil Steam Turbine plants use combusted fossil fuels to heat water and create steam that
generates the dynamic pressure to turn the blades of a steam turbine generator.

Units that fire solid waste, biomass, or landfill gas solely or in conjunction with fossil fuels to
heat water and create steam to drive a steam turbine generator are considered to be Fossil
Steam Turbine plants.

4.1 Heat Input/Rate and Performance Factor

Note:
The information in Section 2.1 contains basic Heat Input/Rate and Performance Factor
information relevant for all unit types including fossil steam units.

Like units that can be used for calculation of Performance Factors are units having similar
ratings, steam conditions, make or model and same site location.

Fossil steam units with multiple boilers can use two methods to develop heat input curves

Heat input based on the unit's entire operational range: This method uses all the historical
operating data to calculate a single heat input curve. The start heat input is calculated as the
heat input of starting the full configuration.

Heat input based on the unit's operation in each boiler configuration: This method uses all the
historical operating data per configuration to calculate a heat input curve for each configuration.
The start heat input is calculated as the heat input of starting each configuration. The
configurations differ depending on the number of boilers in operation.

4.2 Fuel Cost

Note:
The information in Section 2.2 contains basic Fuel Cost information relevant for all unit types.
The following information only pertains to fossil steam units.

Fossil fuel cost adjustments compensating for previous estimate inaccuracies should not be
considered when determining the basic fossil cost component of Total Fuel Related Cost.

Fossil Operating Costs
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The dollars in FERC Account 501 Fuel plus incremental expenses for fuel treatment and
pollution control (excluding SO2 and NOX emission allowance costs) that were not included in

FERC Account 501; minus the fuel expenses from FERC Account 151 that were charged into
FERC Account 501, all divided by the fuel (heat content or quantity) shifted from FERC Account
151 into FERC Account 501.

4.2.1 Total Fuel Related Cost
Total Fuel Related Cost is the sum of the Basic Fuel Cost, and the Maintenance Adder,
Operating Cost Adder, CO2, SO2 and NOX emission allowance costs.

Total Fuel Related Cost ($/ MMBtu) =
Fuel Cost+ SO, Allowance Cost+ CO, Allowance Cost

+NOx Allowance Cost + Maintenance Adder + Operating Cost Adder

4.3 Incremental Energy Cost

Note:
The information in Section 2.3 contains basic Incrmental Energy Cost information relevant for
all unit types. The following information only pertains to fossil steam units.

4.4 Start-up Cost

Note:
The information in Section 2.4 contains basic Start-up Cost information relevant for all unit
types. The following information only pertains to fossil steam units.

Note:

In some instances, a Steam Unit with a Start-up plus Notification time greater than 48 hours
may enter a state called “Extended Cold Start” as defined in M10, M13, M14D and the
Markets Gateway User Guide. Steam units in this state, calculate the Start Cost information
associated with this state in accordance with the “Cold Start Cost” Section below and enter
this value into the “Cold Start Cost” field in Markets Gateway

Steam units include a soak process during startup for the steam turbine. Start-up Costs for
steam units shall include only the following components and shall never be less than zero:

Start up Cost($/ Start) =
[Stan‘ Fuel Consumed (MMBtu | Start)* TFRC($ | MMBtu)*Performance Factor]
+[Station Service (MWh)*Station Service Rate($ | MWh)]
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+ Start Maintenance Adder ($/ Start)

Start Fuel Consumed is the start fuel during the unit specific start time plus notification time to
dispatchable output (including auxiliary boiler fuel) plus the shutdown fuel from last breaker
opening to shutdown (not to exceed the unit specific minimum down time minus the unit specific
hot start time) excluding normal plant heating/auxiliary equiment fuel requirements. Start fuel
included for each temperature state from breaker closure to the level at which the unit can follow
PJM’s dispatch shall not exceed the unit specific soak time period reviewed and approved as
part of the PJM/IMM unit specific parameter process or the defaults below:

* Cold Soak Time = 0.73 * unit specific Minimum Run Time
* Intermediate Soak Time = 0.61 * unit specific Minimum Run Time
* Hot Soak Time = 0.43 * unit specific Minimum Run Time

Market Sellers can request unit specific soak times through the PJM/IMM unit specific
parameter review process.

TFRC = Total Fuel Related Cost (See Section 2.2.3)
Station Service is Station power consumed from PJM notification to first breaker close,
Plus (+) station power consumed after breaker open to shutdown above normal base unit use,

Minus (-) net generation produced from first breaker close to level at which the unit can follow
PJM’s dispatch.

Normal base station use is the consumption prior to PJM’s notification. Net generation included
for each temperature state from breaker closure to the level at which the unit can follow PJM’s
dispatch shall not exceed the unit specific soak time period reviewed and approved as part of
the PUM/IMM unit specific parameter process or the defaults above.

Station Service Rate - A $/MWh value based on the 12-month rolling average off-peak energy
prices updated quarterly by the Office of the Interconnection.

Start Maintenance Adder. This quantity includes the previously defined steam turbine Starting
Maintenance Cost in $/start. (See Section 2.6).

4.4.1 Hot Start-up Cost
Hot Start-up Cost is the expected cost to start a steam unit, which is in the "hot" condition. Hot
conditions vary unit by unit, but in general, a unit is hot after an overnight shutdown.

4.4.2 Intermediate Start-up Cost

Intermediate Start-up Cost is the expected cost to start a steam unit during a period where
neither hot nor cold conditions apply. Use of intermediate Start-up Cost is optional based on
company policy and physical machine characteristics. The only restriction is that once an
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intermediate Start-up Cost is defined for a unit, the cost must be used consistently in scheduling
and accounting.

4.4.3 Cold Start-up Cost
Cold Start-up Cost is the expected cost to start a steam unit that is in the "cold" condition. Cold
conditions vary unit by unit, but in general, a unit is cold after a two or three-day shutdown.

4.5 No-Load Cost

Note:
The information in Section 2.5 contains basic nNo-lLoad cCost information relevant for all
unit types including fossil steam units.

4.6 Maintenance Cost

Note:
The information in Section 2.6 contains basic Maintenance Cost information relevant for all
unit types. The following information only pertains to fossil steam units.

Fossil Steam - Maintenance Adder - is the dollars per unit of fuel (or heat) as derived from
FERC Accounts 512 and 513 for fossil steam units. Market Sellers that use FERC Accounts
must remove straight-time labor when calculating the Maintenance Adder.

Note:
Total Maintenance Dollars (TMD) plus (+) Total Start Maintenance Dollars (TSD) cannot
exceed Total Dollars in FERC Accounts 512 and 513 minus labor.

Calculate total Maintenance Dollars for 2011, this example assumes a maintenance period of 10
years; please see section 2.6.3 for further explanation of Maintenance Periods.

Total Maintenance Dollars =

(((FERC 512 + FERC 51 3) - Start Cost (FERC 512 + FERC 5135010 )

Escalation lndex201 1
Escalation lndex201 0

Escalation Indexq 14
(((FERC 512 + FERC 51 3) - Start Cost (FERC 512 + FERC 513)500g ) )

Escalation Index2009

Escalation lndex201 1
(((FERC 512 + FERC 513) - Start Cost (FERC 512 + FERC 513)300 ) )

Escalation Index2008
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Escalation lndex201 1

(((FERC 512 + FERC 513) - Start Cost (FERC 512 + FERC 513)2000 )" Escatation Tndexaces

Calculate total fuel burned (heat input in MMBtu) for the maintenance period.

Total Fuel = Fuelxpqg + Fuelygog + Fuelogog + ... + Fuelxgg

These allow for the calculation of the maintenance adder:
Maintenance Adderzo11 ($/ MMBtu) = Total Maintenance Dollars / Total Fuel

Exhibit 5: Fossil Steam Unit’s Sample Formula of Maintenance Adder

To Calculate the Start Maintenance Adder, Calculate the total Start Maintenance Cost. Please
note the expenses in the maintenance adder and the expenses in the start maintenance adder
are mutually exclusive.

Total Start Maintenance Cost =

2010 Escalation Indexoq10

Escalation lndex201 1
(Start Cost (FERC 512 + FERC 513) * )

(Stan Cost (FERC 512 + FERC 513)5000 *

Escalation lndex201 1
2009  Escalation Indexoq0g

Escalation Indexy1 4
Start Cost (FERC 512 + FERC 513)5008 * )

2008 Escalation Indexoog

Escalation Indexq 14
(Start Cost (FERC 512 + FERC 513)500 * )

2000 Escalation Indexoqq0

This formula calculates the total number of starts:

Total Starts = Startsogqg + Startsygpg + Startsyggg + ... + Startsoggo

These allow for the calculation of the start maintenance adder:

i _ Total Start Maintenance Cost
Start Mainenance Addel($ / Starf) = o S

Exhibit 6: Fossil Steam Unit’s Sample Formula of Start Maintenance Adder

4.6.1 Configuration Addition Maintenance Adder

For units undergoing a significant system or unit Configuration Addition the use of an additional
“Configuration Addition Maintenance Adder” may be included in the determination of the total
maintenance adder. It is not intended to be used for upgrades to existing equipment (i.e.:
replacement of a standard burner with a low NOx burner).
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Examples of significant system or unit Configuration Additions may include but are not limited
to:

* Installation of Flue Gas Desulfurization (FGD or scrubber) systems
 Activated Carbon Injection (ACI) or other sorbent injection systems
* Installation of SCR or SNCR NOx removal systems

» Conversion from open loop to closed loop circulation water systems
» Bag House addition

» Water injection for NOx control

» Turbine Inlet Air Cooling

The specific system or unit configuration system change needs to be reviewed by PJM and the
MMU pursuant to the Cost Methodology and Approval Process and receive final approval
thereof prior to the use of a Configuration Addition Maintenance adder.

4.6.2 Calculation of the Configuration Addition Maintenance Adder:

The Configuration Addition Maintenance adder is to be calculated in the same manner as the
maintenance cost adder described in this section with the exception that the Configuration
Addition Maintenance total maintenance dollars (CATMD) are only the incremental additional
costs incurred because of the system or unit configuration change.

As with the current maintenance adder calculation, the adder for year (Y) uses the actual costs
beginning with year (Y-1). Therefore, the first year of actual incremental additional expenses will
be captured by the CAMA in the second year.

Following the initial year of use of the CAMA, each additional year’s Configuration Addition
maintenance cost will be incorporated into the Configuration Addition maintenance adder until
the end of the historical maintenance cost period selected for the unit.

To Calculate the Configuration Addition Maintenance Adder, Calculate the solely incremental
Maintenance Cost for the Configuration Change. Please note these expenses are purely
incremental and adhere to the requirements in section 3.8.1. Also note that labor must be
removed from all applicable FERC Accounts.

Total Configuration Addition Maintenance Dollars =

Incremental (FERC 512 + FERC 513 - Start Cost FERC 512 + FERC 513)5910 *

Escalation Index201 1
2010  Escalation Indexgq1q

2009  Escalation Indexoqng

Escalation Indexpq 14
(Incremental (FERC 512 + FERC 513 - Start Cost FERC 512 + FERC 513)5009 * )

Escalation Indexo(1 1
Incremental (FERC 512 + FERC 513 - Start Cost FERC 512 + FERC 513),008 *Escaiation ’”dexzoos)
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. Escalation Index201 1

(Incremental (FERC 512 + FERC 513 - Start Cost FERC 512 + FERC 513)2000 *Escaration ndeX 000

Exhibit 7: Fossil Unit's Sample Formula of Configuration Addition Maintenance Adder

4.6.3 Reductions in Total Maintenance Costs:

While it is expected that the Configuration Addition Maintenance adder will most often be used
to cover step increases in maintenance costs, it is also to be used to capture step decreases in
maintenance costs resulting from a significant system or unit configuration change that results in
a significant reduction in maintenance costs. Any equipment that falls into disuse or is retired
because of the configuration change must have its maintenance expenses removed from the
historical record used to develop the maintenance adder. An example of a significant system or
unit configuration change that may result in a step decrease in qualified maintenance costs
includes, but is not limited to, a fuel change from coal to gas fuel.

4.7 Synchronized Reserve

Note:
The information in Section 2.7 contains basic Synchronized Reserve Cost information
relevant for all unit types. The following information only pertains to fossil steam units.

Total costs to provide Synchronized Reserve from a steam unit shall be capped at the expected
value of the penalty for failing to provide Synchronized Reserve, where such expected value
shall be posted on Markets and Operations > Ancillary Services > Synchronized Reserve page.
The expected value of the penalty is calculated using the equation below:

Expected Value of Penalty (ﬁ) = Average Penalty* Average Rate of Nonperformance* Probability an event will occur
Where:

Average Penalty is expressed in $/MWh and calculated as

$ \ _  Total Penalty ($)
Average Penalty (MWh) ~ Total Shortfall (MWh)

Average Rate of Nonperformance during Synchronized Reserve events is calculated as

Average Rate of Nonperformance = 1 — Average Synchronized Reserve Response Rate

Probability an event will occur is the probability a Synchronized Reserve event that will qualify
for nonperformance assessments will occur and calculated as

Total Hours of Synchronized Reserve Events = 10 Minutes
Total Hours in the Period

Probability an event will occur =
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4.8 Regulation

Note:
The information in Section 2.8 contains basic Regulation Cost information relevant for all unit
types including fossil steam units.
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Section 5: Combined Cycle (CC) Cost Development

This section contains information pertaining to CC Cost development.

Combined Cycle - An electric generating technology in which electricity is generated by both a
CT generator (the Brayton Cycle) and a steam turbine generator (the Rankine Cycle) hence the
name CC. The CT exhaust heat flows to a conventional boiler or to a heat recovery steam
generator (HRSG) to produce steam for use by a steam turbine generator in the production of
electricity.

Heat recovery steam generator (HRSG) — A CT exhaust feeds hot gas into a heat to steam
exchanger installed on combined-cycle power plants designed to utilize the heat in the CT
exhaust to produce steam to drive a conventional steam turbine generator.

5.1 Heat Input/Rate and Performance Factor

Note:
The information in Section 2.1 contains basic Heat Input/Rate and Performance Factor
information relevant for all unit types including CC.

Combined cycles with a 2x1 configuration (two combustion turbines and one steam turbine) or
higher can use three methods to develop heat input curves.

1. Heat input based on the unit's entire operational range: This method uses all the historical
operating data to calculate a single heat input curve. The start heat input is calculated as
the heat input of starting the full configuration.

Heat input based on the unit's operation in each configuration: This method uses all the
historical operating data per configuration to calculate a heat input curve for each
configuration.

Pseudo heat input curve: The pseudo combined cycle model is a type of generator
modeling in which a combined cycle is divided into separate units depending on the
number of combustion turbines and the output of the steam turbine is assigned evenly
across the combustion turbines.

For example, a 600 MW 2x1 combined cycle comprised of two 200 MW combustion turbines
and a 200 MW steam turbine can be modeled as two separate 300 MW units (200 MW for each
combustion turbine plus 100 MW assigned from the steam turbine assigned evenly).

When using the pseudo combined cycle model, the heat input curve must be adjusted. A typical
heat input curve is defined by a quadratic equation.
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Typical Heat Input Equation:

Heat Input ( MMEty )

h our

A + B*Unit Outout MWh + C*Unit Outputz( MW h )

In order to use this equation in pseudo model, the constant coefficient (term A) must be divided
by the number of combustion turbines in the combined cycle, the linear coefficient (term B)
remains the same and the quadratic coefficient (term C) is multiplied by the number of
combustion turbines.

For example, if the equation represents a 2x1 configuration, the constant coefficient used in
each pseudo model must be divided by two and the quadratic coefficient must be multiplied by
two.

The equation below shows the pseudo combined cycle model heat input equation.

Heat Input (M) = A

e A+ B*Unit Output (MW h )+ CTcount* C*Unit Output (MW h )°

Where:

A = The constant coefficient of the heat input curve of the full configuration
B = The linear coefficient of the heat input curve of the full configuration

C = The quadratic coefficient of the heat input curve of the full configuration

CT_Count = Number of combustion turbines in the full configuration

5.2 Fuel Cost

Note:
The information in Section 2.2 contains basic Fuel Cost information relevant for all unit types
including CC units.

5.3 Incremental Energy Cost

Note:
The information in Section 2.3 contains basic Incremental Energy Cost information relevant
for all unit types including CC units.
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5.4 Start-up Cost

Note:
The information in Section 2.4 contains basic Start-up Cost information relevant for all unit
types. The following additional information only pertains to CC units.

Combined Cycle (CC) units include a soak process during startup for the steam turbine. Start-up
Costs for Combined Cycle plants shall include only the following components and shall never be
less than zero:

Start up Cost ($/Start) =
(Start Fuel Consumed (MMBtu/ Start)*TFRC($ / MMBtu)*Performance Factor)
+(Station Service (MWh)*Station Service Rate ($/ MWh))
+ Start Maintenance Adder ($/ Start)

Start Fuel Consumed is the start fuel during the unit specific start time plus notification time to
the level at which the unit can follow PJM’s dispatch (including auxiliary boiler fuel) plus the
shutdown fuel from last breaker opening to shutdown (not to exceed the unit specific minimum
down time minus the unit specific hot start time). Additionally, this includes the start fuel for any
CT unit/HRSG combinations started prior to reaching the level at which the unit can follow
PJM’s dispatch. Start fuel included for each temperature state from breaker closure to the level
at which the unit can follow PJM’s dispatch shall not exceed the unit specific soak time period
reviewed and approved as part of the PJM/IMM unit specific parameter process or the defaults
below:

* Cold Soak Time = 0.73 * unit specific Minimum Run Time
* Intermediate Soak Time = 0.61 * unit specific Minimum Run Time
* Hot Soak Time = 0.43 * unit specific Minimum Run Time

Market Sellers can request unit specific soak times through the PJM/IMM unit specific
parameter review process.

TFRC = Total Fuel Related Cost (See Section 2.2.3)
Station Service is Station power consumed from PJM notification to first breaker close,
Plus (+) station power consumed after breaker open to shutdown above normal base unit use,

Minus (-) net generation produced from first breaker close to the level at which the unit can
follow PJM'’s dispatch.

Normal base station use is the consumption prior to PJM’s notification. Net generation included
for each temperature state from breaker closure to dispatchable output shall not exceed the unit
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specific soak time period reviewed and approved as part of the PJM/IMM unit specific
parameter process or the defaults above.

Station Service Rate - A $/MWh value based on the 12-month rolling average off-peak energy
prices updated quarterly by the Office of the Interconnection.

Start Maintenance Adder. This quantity includes the previously defined CC Starting
Maintenance Cost in $/start. (See Section 2.6).

5.5 No-Load Cost

Note:
The information in Section 2.5 contains basic -no-load costStart-up-Cest information relevant
for all unit types including CC units.

5.6 Maintenance Cost

Note:
The information in Section 2.6 contains basic Maintenance Cost information relevant for all
unit types. The following additional information only pertains to CC units.

Combined Cycle Maintenance Adder — The dollars per unit of fuel (or heat) as derived from
actual maintenance expenses or FERC Accounts 512, 513, and 553. If submitting as a simple
cycle CT, use actual maintenance expenses or total dollars from FERC Account 553 divided by
Equivalent Service Hours (ESH), MWh, starts, or hours. Market Sellers that use FERC Accounts
must remove straight time labor when calculating the Maintenance Adder.

5.6.1 Combined Cycle / CT Long Term Service Agreement Cost Recovery

A Market Seller that has a currently in effect Long Term Service Contract (LTSA) with a third
party vendor to provide overhaul and maintenance work on a CT either as part of a CC plant or
as a stand-alone CT, may file with PJM and the MMU for inclusion of any variable long term
maintenance costs in cost based offer bids pursuant to the Cost Methodology and Approval
Process, if the following conditions are met:

» The included variable long-term maintenance costs are consistent with the definition of
such costs in the Cost Development Guidelines

* And the dollar value of each component of the variable long-term maintenance costs is set
specifically in the LTSA.

» Costs are specified on either an operating hour or number of starts basis.
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5.6.2 Long Term Maintenance Expenses

Long Term Maintenance Expenses - CC Plant major inspection and overhaul expenses can
be included in the calculation of a combustion turbine’s or diesel engine’s maintenance adder if
they were not included in the unit’s capacity offer for a Delivery Year in which the unit cleared a
Base Residual or Incremental Auction.

5.6.3 Equivalent Service Hours (ESH)

CC CTs shall use OEM supplied values for cyclic starting factors and cyclic peaking factors and
formulas even if the CT technology is no longer being built. Some OEMs use ESH to trigger
when a major overhaul should be performed. These are typically found in OEM or LTSA

documentation under “equivalent hours”, “equivalent starts”, “factored hours”, or “factored
starts”.

Only OEM-specified cyclic starting and peaking factors can be applied to the Maintenance
Adder of the unit’s cost-based offer. If the OEM documentation does not specify a cyclic starting
factor and/or cyclic peaking factor, then the cyclic starting factor and/or cyclic peaking factor
shall be zero.

5.7 Synchronized Reserve

Note:
The information in Section 2.7 contains basic Synchronized Reserve Cost information
relevant for all unit types. The following information only pertains to CC units.

Total costs to provide Synchronized Reserve from a CC unit shall be capped at the expected
value of the penalty for failing to provide Synchronized Reserve, where such expected value
shall be posted on Markets and Operations > Ancillary Services > Synchronized Reserve page.
The expected value of the penalty is calculated using the equation below:

Expected Value of Penalty (ﬁ) = Average Penalty* Average Rate of Nonperformance* Probability an event will occur

Where:

Average Penalty is expressed in $/MWh and caéculatedTgtgl Penalty (3)

Average Penalty (MWh) ~ Total Shortfall (MWh)

Average Rate of Nonperformance during Synchronized Reserve events is calculated as

Average Rate of Nonperformance = 1 — Average Synchronized Reserve Response Rate

Probability an event will occur is the probability a Synchronized Reserve event that will qualify
for nonperformance assessments will occur and calculated as

Total Hours of Synchronized Reserve Events = 10 Minutes
Total Hours in the Period

Probability an event will occur =
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5.8 Regulation

Note:
The information in Section 2.8 contains basic Regulation Cost information relevant for all unit
types including CC units.
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Section 6: Combustion Turbine (CT) and Diesel Engine Costs

This section details specific information for the cost development of units that are CTs or diesel
engines.

Combustion Turbine Unit — A generating unit in which a natural gas or oil fired CT engine is
the prime mover for an electrical generator. CTs that fire landfill gas solely or in conjunction with
fossil fuels as a prime mover for an electrical generator are considered to be a Combustion
Turbine Unit.

Diesel Engine — A generating unit in which a diesel reciprocating engine is the prime mover for
an electrical generator. Reciprocating engines that fire landfill gas solely or in conjunction with
fossil fuels as a prime mover for an electrical generator are considered to be a Diesel Engine.

6.1 Combustion Turbine and Diesel Engine Heat Input/Rate and
Performance Factor

Note:

The information in Section 2.1 contains basic Input/Heat Rate and Performance Factor
information relevant for all unit types. The following additional information only pertains to CT
and diesel engine units.

‘Like’ CT Units - An average Performance Factor may be calculated and applied for groups of
like units burning the same type of fuel. Like includes same primary manufacturer not
necessarily engine or generator manufacturer, but one with overall system responsibility. The
following are two examples:

» Worthington sells CT's with P&W engines and a GE generator. Worthington would be
considered the primary manufacturer.

+ Same general frame size - a manufacturer may modify a basic design to produce units with
varying capabilities. Units built with such variations may be placed in a may be placed in a

single group.
6.2 Fuel Cost
Note:

The information in Section 2.2 contains basic Fuel Cost Factor information relevant for all
unit types. The following additional information only pertains to CT and diesel engine units.
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CT Maintenance Adder is included directly with the individual operating cost components on a
$/hour basis.

6.2.1 Combustion Turbine Operating Costs

The dollars in FERC Account 547, plus incremental expenses for fuel treatment and pollution
control excluding SO2 and NOX emission allowance costs that were not included in Account
547; minus the fuel expenses from FERC Account 151 that were charged into Account 547, all
divided by the fuel (heat content or quantity) shifted from Account 151 into Account 547.

6.2.2 Total Fuel Related Cost (TFRC) Equation for CTs
Total Fuel Related Costs for Combustion Turbines =
Basic Fossil Fuel Cost + operating cost adder

SO, emission costs + NO, emission costs + CO, emission costs

Note:
CT Maintenance Adder is included directly in start, no-load and peak segment components.

6.3 Incremental Energy Cost

Note:
The information in Section 2.3 contains basic Incremental Energy Cost information relevant
for all unit types. The following additional information only pertains to CT and diesel engine
units.

6.4 Start-up Cost

Note:
The information in Section 2.4 contains basic Start-up Cost information relevant for all unit
types. The following additional information only pertains to CT and diesel engine units.

Combustion turbine and diesel engine units do not include a soak process during startup.
Aggregated combustion turbine or diesel engine market units can only include the start cost of
the first combustion turbine or engine if the other combustion turbines or engines are offered as
dispatchable points in the incremental offer. Start-up costs for all CTs and diesel units shall
include only the following components and shall never be less than zero:

Start up Cost(%)
= (Start Fuel Consumed (MMBtu/ Start)*TFRC($ / MMBtu)*Performance Factor)
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+(Station Service (MWh)*Station Service Rate ($/MWh))
+ Start Maintenance Adder ($/ Start)

Start Fuel Consumed is the start fuel during the unit specific start time plus notification time to
first breaker closing, Plus (+)shutdown fuel from unit breaker opening to fuel valve closure.

TFRC = Total Fuel Related Cost (See Section 2.2.3)

Station Service from initiation of start sequence to breaker closing (total station use minus
normal base station use). Plus (+) station service after breaker opening during shutdown
(station service during shutdown should be that associated with the normal unit auxiliary
equipment operated during shutdown in excess of base unit use, this station service is not to
include maintenance use or non-normal uses).

Note:

Station Service Rate - A $/MWh value based on the 12-month rolling average off-peak energy
prices updated quarterly by the Office of the Interconnection.

Start Maintenance Adder. please see section 6.6.3

Reminder: CT Maintenance Adder is included directly in start, no-load and peak segment
components.

6.5 No-Load Cost Calculation for CTs

Note:
The information in Section 2.5 contains basic nNo-lLoad cCost information relevant for all
unit types. The following additional information only pertains to CT and diesel engine units.

Note:
CT Maintenance Adder is included directly in start, nNo-lLoad and peak segment
components.

For CT generating units, no-load fuel shall be the theoretical or actual fuel burn rate expressed
in MMBtu/Hr at the point of electric bus synchronization.
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6.6 Maintenance Cost

Note:
The information in Section 2.6 contains basic Maintenance Cost information relevant for all
unit types. The following additional information only pertains to CT and diesel engine units.

CT - Maintenance Adder — The total dollars from actual maintenance expenses or FERC
Account 553 divided by Equivalent Service Hours (ESH), MWh, starts, hours, or per unit of fuel
(or heat). Market Sellers that use FERC Accounts must remove straight time labor when
calculating the Maintenance Adder.

Industrial CT — This is a CT developed specifically for power generation.

Aircraft - Type CT — These are CTs originally designed for aircraft and modified for power
generation.

Diesel - Maintenance Adder — The total dollars from FERC Account 553 divided by total fuel
burned (in MMBtu’s).

Combustion Turbine Start — For calculating CT maintenance cost, only the number of
successful starts to synchronization shall be used. Successful starts should include those at the
direction of PJM and for company tests.

Long Term Maintenance Expenses — CT Plant major inspection and overhaul expenses can
be included in the calculation of a combustion turbine’s or diesel engine’s maintenance adder if
they were not included in the unit’s capacity offer for a Delivery Year in which the unit cleared a
Base Residual or Incremental Auction.

6.6.1 Combustion Turbine Long Term Service Agreement Cost Recovery

A Market Seller that has a currently effective LTSA with a third party vendor to provide overhaul
and maintenance work on a CT may file a request to PJM and the MMU for inclusion of any
variable long term maintenance costs in cost based offer bids, pursuant to the Cost
Methodology and Approval Process if the following conditions are met:

» The included variable long-term maintenance costs are consistent with the definition of
such costs in the Cost Development Guidelines

* And the dollar value of each component of the variable long-term maintenance costs is set
specifically in the LTSA.

» Costs are specified on either an operating hour or number of starts basis.

6.6.2 Long Term Maintenance Expenses

* Long Term Maintenance Expenses - Major inspection and overhaul expenses can be
included in the calculation of a combustion turbine’s or diesel engine’s maintenance adder
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if they were not included in the unit’s capacity offer for a Delivery Year in which the unit
cleared a Base Residual or Incremental Auction.

6.6.3 Equivalent Service Hours (ESH)

CTs shall use OEM supplied values for cyclic starting factors and cyclic peaking factors and
formulas even if the CT technology is no longer being built. Only OEM-specified cyclic starting
and peaking factors can be applied to the Maintenance Adder of the unit’s cost-based offer. If
the OEM documentation does not specify a cyclic starting factor and/or cyclic peaking factor,
then the cyclic starting factor and/or cyclic peaking factor shall be zero.

6.6.4 Combustion Turbine Maintenance Adder Example

Total Maintenance Dollars
Equivalent Service Hours

Equivalent Service Hours Maintenance Cost =

(Industrial Unit)

Peak Hours = 200 Hrs

Service Hours = 2000 Hrs

No. of Starts = 300

Peak Pickup = 5§ MW

Peak Hours are the hours run above base load temperature rating.
Total Maintenance Dollars =$100,000
(Actual historical maintenance data escalated to present value).

Cyclic starting factor = 10, Cyclic peaking factor = 3

Equivalent Service Hours Maintenance Cost =
$100,000 _ $17.86

(10*300) + 2,000 + (3"200) ~ ESH

Calculation of maintenance rates
Starting Maintenance Cost
= Cyclic Starting Factor*Equivalent Service Hours Maintenance Cost
=10*$17.86 = $178.60 per start

Hourly Maintenance Rate = Equivalent Service Hours Maintence Cost = $17.86 / hour

Peak Incremental Maintenance Rate =

Cyclic Peaking Factor «
Peak Pickup
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Peak Segment Equivalent Maintenance Cost = w = $10.72 per MWh

Exhibit 8: Combustion Turbine Maintenance Cost Adder Example

6.6.5 Diesel Incremental Maintenance Adder Calculation

The incremental Maintenance Adder for diesel units will be calculated and applied on a "per
MMBtu (or other unit of fuel)" basis. The calculation will be based on actual operation and
escalated maintenance expenses for all available history in the Maintenance Period.

6.7 Synchronized Reserve: Costs to Condense

Note:

The information in Section 2.7 contains basic Synchronized Reserve Cost information
relevant for all unit types. The following additional information only pertains to CT and diesel
engine units.

Total synchronous condensing costs for CTs and diesel units shall be capped at the expected
value of the penalty for failing to provide Synchronized Reserve, where such expected value
shall be posted on Markets and Operations > Ancillary Services > Synchronized Reserve page.
The expected value of the penalty is calculated using the equation below:

Expected Value of Penalty (ﬁ) = Average Penalty* Average Rate of Nonperformance* Probability an event will occur

Where:

Average Penalty is expressed in $/MWh and calculated as

$ \ _  Total Penalty ($)
Average Penalty (MWh) ~ Total Shortfall (MWh)

Average Rate of Nonperformance during Synchronized Reserve events is calculated as

Average Rate of Nonperformance = 1 — Average Synchronized Reserve Response Rate

Probability an event will occur is the probability a Synchronized Reserve event that will qualify
for nonperformance assessments will occur and calculated as

Total Hours of Synchronized Reserve Events = 10 Minutes
Total Hours in the Period

Probability an event will occur =
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» Start-up Costs if applicable, shall be applied when a unit moves from cold to condensing
operations and when a unit moves from condensing operations to energy generation, but
shall not be applied when a unit moves from energy generation to condensing operations.

* Actual cost of power consumed during condensing operations at real time bus LMP
as determined by Market Settlements. MW consumed must be included in the offer.

6.8 Regulation Cost

Note:
The information in Section 2.8 contains basic Regulation Cost information relevant for all unit

types. The following additional information only pertains to CT and diesel engine units.
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Section 7: Hydro

This section contains information for the development of Hydro or Pumped Storage Hydro cost
offers.

Hydro Units — Generating unit in which the energy of flowing water drives the turbine generator
to produce electricity. This classification includes pumped and run-of-river hydro.

Pumped Storage Hydro Unit — Hydroelectric power generation that stores energy in the form
of water by pumping from a lower elevation source to a higher elevation reservoir, then allowing
the upper reservoir to drain turning the turbines to produce power.

7.1 Pumping Efficiency (Pumped Storage Hydro Only) and Performance
Factor

Note:

The information in Section 7.2 contains basic Heat Input/Rate and Performance Factor
information relevant for all unit types. The following additional information only pertains to
hydro units.

Pumping Efficiency is the Pumped Storage Hydro Unit’s version of a heat rate. It measures
the ratio of generation produced to the amount of generation used as fuel.

Pumping Efficiency (PE) is calculated by dividing the MWh of generation produced while
operating in generation mode by the MWh required to pump the water needed to produce the
generation MWh.

p . . _ MWh Generation Produced
Pumpmg Efflc:ency ~ MWh Generation Pumped as Fuel

For example, it requires 1,000 ft3 to produce one MWh of generation as water flows from the

pond to the sink and it requires 1.4 MWh of pumping load to pump 1,000 ft3 of water from the
sink to the pond. The resultant efficiency is:

: . . _ MWh Generation Produced _ 3.5 MWh (Generated) _
Pumping Efficiency = MWh Generation Pumped as Fuel ~— 5 MWh (Pumped) 0.70

In order to account for environmental and physical factors associated with the characteristics of
the pond and pumping operations that limit the accuracy of calculating short term pumping
efficiency, a seven day rolling total of pumping and generation MWh are utilized for pumping
efficiency calculations.
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PE can be calculated by one of three methods. A Market Seller must make the choice of
method by December 31 prior to the year of operation and cannot change to another method for
a period of one calendar year.

+ Option 1: Twelve month calendar actual Pumping Efficiency.

o The previous 12-month calendar year average Pumping Efficiency based on actual
pumping operations.

» Option 2: Three month rolling Pumping Efficiency.

> The previous three months rolling actual efficiency where the average monthly
availability is 50% or greater. The calculation must be updated after each month.

+ Option 3: The previous month actual Pumping Efficiency.

o The previous month actual efficiency where the availability is 50% or greater. The
calculation must be updated monthly.

7.2 Fuel Cost

Note:
The information in Section 2.2 contains basic Fuel Cost information relevant for all unit types.
The following additional information only pertains to hydro units.

The fuel costs for a run-of-river hydro Unit are equal to zero.

For a Pumped Storage Hydro Unit to be consistent with other PJM units within this manual the
term fuel cost is used to account for the energy necessary to pump from the lower reservoir to
the upper reservoir.

Note:
The information in Section 2.3 contains basic Fuel Cost information relevant for all unit types.
The following additional information only pertains to Pumped Storage Hydro Units.

If a Market Seller wishes to change its method of calculation of pumped storage TFRC, the
Market Seller shall notify PJM and the MMU in writing by December 31 prior to the year of
operation, to be evaluated pursuant to the Cost Methodology and Approval Process before the
beginning of the cycle in which the new method is to become effective. The new cycle starts on

1st

February and continues for a period of one year

Basic Pumped Storage Fuel Cost — Pumped storage fuel cost shall be calculated on a seven
(7) day rolling basis by multiplying the real time bus LMP at the plant node by the actual power
consumed when pumping divided by the pumping efficiency. The pumping efficiency is
determined annually based on actual pumping operations or by OEM curves if annual data is

Revision: 46, Effective Date: 11/19/2024 PJM © 2024 73



A1

PJM Manual 15: Cost Development Guidelines
Section 7: Hydro

not available due to the immaturity of the unit. The following equations govern pumping storage
fuel cost:

168 $
21 Real Time LMP (W) Pumping Power (MWh)

Pumping Power Cost ( Ma/h) =

Z] 68 Pumping Power (MWh)

Pumping Power Cost (§/ MWh
Pumped Storage Fuel Cost ($ / MWh) = 8 Ilggm;:i‘;ivsrlz‘ff?;egcy )

7.2.1 Total Energy Input Related Costs for Pumped Storage Hydro Plant Generation
Total energy input-related costs for all pumped storage hydro units shall be defined as follows:

Pumped Storage Hydro Total Energy Input Related Cost

= Basic Pumped Storage Energy Input Cost + Maintenance Cost

7.3 Incremental Energy Cost
Note:

The information in Section 2.3 contains basic Incremental Energy Cost information relevant
for all unit types. The following additional information only pertains to hydro units.

7.4 Start-up Cost

See section 7.7 Condensing Start Costs.

7.5 No-Load Cost

Hydro Units do not have nNo-lLoad Costs.

7.6 Maintenance

Note:
The information in Section 2.6 contains basic Maintenance Cost information relevant for all
unit types. The following additional information only pertains to hydro units.

This account shall include the, materials used and expenses incurred in the maintenance of
plant, includible in Account 332, Reservoirs, Dams, and Waterways. (See operating expense
instruction 2.) However, the cost of materials used and expenses incurred in the maintenance of
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fish and wildlife, and recreation facilities, the book cost of which is includible in Account 332,
Reservoirs, Dams, and Waterways, shall be charged to Account 545, Maintenance of
Miscellaneous Hydraulic Plant. Further, Pumped Storage Hydro Units scheduled by the Office of
the Interconnection pursuant to the hydro optimization tool in the Day-ahead Energy Market
may not include maintenance costs in their offers because such offers may not exceed an
energy offer price of $0.00/MWh. Market Sellers that use FERC accounts must remove straight
time labor expenses from the accounts as those costs are typically recovered in the capacity
market.

7.7 Synchronized Reserve: Hydro Unit Costs to Condense

Note:

The information in Section 2.7 contains basic Synchronized Reserve Cost information
relevant for all unit types. The following additional information only pertains to hydro units if
applicable.

Some Hydro Units have the ability to purge the turbines of water and run backwards effectively
creating a capacitor. This method of operation of the machine is referred to as operating the
Hydro unit in synchronous condensing mode.

Total synchronous condensing costs for Hydro units shall be capped at the expected value of
the penalty for failing to provide Synchronized Reserve, where such expected value shall be
posted on Markets and Operations > Ancillary Services > Synchronized Reserve page. The
expected value of the penalty is calculated using the equation below:

Expected Value of Penalty (ﬁ) = Average Penalty*Average Rate of Nonperformance*Probability an event will occur

Where:

Average Penalty is expressed in $/MWh and calculated as

$ \ _  Total Penalty ($)
Average Penalty (MWh) ~ Total Shortfall (MWh)

Average Rate of Nonperformance during Synchronized Reserve events is calculated as

Average Rate of Nonperformance = 1 — Average Synchronized Reserve Response Rate

Probability an event will occur is the probability a Synchronized Reserve event that will qualify
for nonperformance assessments will occur and calculated as

Total Hours of Synchronized Reserve Events = 10 Minutes
Total Hours in the Period

Probability an event will occur =

Hydro Costs to Condense ($/ MWh)
= Condensing Start Costs + Expected Value of Penalty
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Condensing Start costs if applicable, start costs shall be applied when a unit moves from cold
to condensing operations and when a unit moves from condensing operations to energy
generation, but shall not be applied when a unit moves from energy generation to condensing
operations.

7.8 Regulation Cost

Note:
The information in Section 2.8 contains basic Regulation Cost information relevant for all unit
types.
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Section 8 : Demand Resource (DR)

Demand Resource — DR means a resource that has the capability to provide a reduction in
load.

8.1 Demand Resource (DR) Cost to Provide Synchronized Reserves

The cost to provide synchronized reserves from DR resources shall be capped at the expected
value of the penalty for failing to provide Synchronized Reserve, where such expected value
shall be posted on Markets and Operations > Ancillary Services > Synchronized Reserve page.
The expected value of the penalty is calculated using the equation below:

Expected Value of Penalty (ﬁ) = Average Penalty* Average Rate of Nonperformance* Probability an event will occur

Where:

Average Penalty is expressed in $/MWh and calculated as

$ \ _  Total Penalty ($)
Average Penalty (MWh) ~ Total Shortfall (MWh)

Average Rate of Nonperformance during Synchronized Reserve events is calculated as

Average Rate of Nonperformance = 1 — Average Synchronized Reserve Response Rate

Probability an event will occur is the probability a Synchronized Reserve event that will qualify
for nonperformance assessments will occur and calculated as

Total Hours of Synchronized Reserve Events 2 10 Minutes
Total Hours in the Period

Probability an event will occur =

Demand Resource shutdown costs shall be zero.
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Section 9: Wind Units

This section contains information for the development of Wind unit cost offers.

Wind Units — Generating unit in which the energy of blowing wind drives the turbine generator
to produce electricity.

9.1 Heat Input/Rates and Performance Factor
Wind units do not burn fuel so heat rates are not applicable.

Wind units do not burn fuel so Performance Factors are equal to 1.0.

9.2 Fuel Cost

Note:
The information in Section 2.2 contains basic Fuel Cost information relevant for all unit types.
The following additional information only pertains to Wind units.

The Fuel Cost Policy should include how the generator intends to account for Renewable
Energy Credits (RECs) and Production Tax Credits (PTCs).

9.3 Incremental Energy Cost

Note:
The information in Section 2.3 contains basic Incremental Energy Cost information relevant
for all unit types. The following additional information only pertains to wind units.

9.4 Start-up Cost

Note:
The information in Section 2.3 contains basic Start-up Cost information relevant for all unit
types. The following additional information only pertains to wind units.

Start-up cost for a wind unit is station service cost.
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9.5 No-Load Cost

Wind Units do not have nNo-load costs.

9.6 Maintenance

Note:
The information in Section 2.6 contains basic Maintenance Cost information relevant for all
unit types. The following additional information only pertains to wind units.

Maintenance Cost includes major overhauls and inspections, as well as short run Wear and
Tear on the Unit (including preventative and scheduled; not including capital). Rolling twelve-
month historic maintenance cost divided by MWh for the same period.

9.7 Synchronized Reserve

Note:

The information in Section 2.7 contains basic Synchronized Reserve Cost information
relevant for all unit types. The following additional information only pertains to wind units if
applicable.

9.8 Regulation Cost

The information in section 2.8 contains basic Regulation Cost information relevant for all unit
types.
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Section 10: Solar Units

This section contains information for the development of solar unit cost offers.

Solar Units — Solar units use photovoltaic cell collectors made from semiconductors to convert
solar radiation directly to electricity.

10.1 Heat Input/Rates and Performance Factor
Solar units do not burn fuel so heat rates are not applicable.

Solar units do not burn fuel so Performance Factors are equal to 1.0.

10.2 Fuel Cost

Note:
The information in Section 2.2 contains basic Fuel Cost information relevant for all unit types.
The following additional information only pertains to solar units.

Solar unit’s fuel costs are equal to zero.

10.3 Incremental Energy Cost

Note:
The information in Section 2.3 contains basic Incremental Energy Cost information relevant
for all unit types. The following additional information only pertains to solar units.

10.4 Start-up Cost

Note:
The information in Section 2.3 contains basic Start-up Cost information relevant for all unit
types. The following additional information only pertains to solar units.

Solar unit’'s Start Fuel and Total Fuel Related Costs are equal to zero.

10.5 No-Load Cost

Solar units do not have nNo-|Load Costs.
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10.6 Maintenance

Note:
The information in Section 2.6 contains basic Maintenance Cost information relevant for all
unit types. The following additional information only pertains to solar units.

10.7 Synchronized Reserve Cost

Note:
The information in Section 2.7 contains basic Synchronized Reserve Cost information
relevant for all unit types.

10.8 Regulation Cost

Note:
The information in Section 2.8 contains basic Regulation Cost information relevant for all unit
types.
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Section 11: Batteries and Flywheels

This section contains information for the development of battery and flywheel cost offers. .
Regulation only resources should see Section 11.8.

Battery- device to store electrical energy via chemicals

Flywheel- mechanical device for storing rotational energy

11.1 Efficiency Factor and Performance Factor

Efficiency factor is a battery or flywheel version of a heat rate. Efficiency factors measure the
ratio of generation produced to the amount of electricity used to charge.

. . _ MWh Discharged
Efficiency Factor = =" charged

Efficiency factors can be calculated over the time period specified by the Market Seller in the
Fuel Cost Policy. A Market Seller must make the choice of method in their fuel cost policy and
cannot change to another method for a period specified in Section 2.1

Battery and flywheel Performance Factors are equal to 1.0.

11.2 Fuel Cost

Note:
The information in Section 2.2 contains basic Fuel Cost information relevant for all unit types.
The following additional information only pertains to batteries and flywheels.

To be consistent throughout the manual, the term fuel cost is used to account for the energy
necessary to charge the battery or flywheel.

11.2.1 Total Fuel Cost
Market Sellers for batteries and flywheels must identify in their Fuel Cost Policies the
methodology they are using to calculate fuel cost (charging cost).

Fuel Cost (ﬁ) = (average charge cost (ﬁ) / efficiency factor

11.2.2 Operating Costs
Operating Costs may include, but are not limited to: acids and lithium ion replacements
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11.3 Incremental Energy Cost

Note:
The information in Section 2.3 contains basic Incremental Energy Cost information relevant
for all unit types. The following additional information only pertains to batteries and flywheels:

11.4 Start-up Cost

Battery and flywheel Start Fuel and Total Fuel Related Costs are equal to zero.

11.5 No-Load Cost

Battery and flywheel no-load costs are equal to zero.

11.6 Maintenance

Note:
The information in Section 2.6 contains basic Maintenance Cost information relevant for all
unit types. The following additional information only pertains to batteries and flywheels.

Batteries and flywheels cannot include costs that can be included in their capacity offer such as
straight time labor. Maintenance costs for batteries and flywheels may include, but are not
limited to: cell repairs/replacements, inverter maintenance, and generation owned GSU/
Interconnection Transmission maintenance.

11.7 Synchronized Reserve Cost

Note:

The information in Section 2.7 contains basic Synchronized Reserve Cost information
relevant for all unit types. The following additional information only pertains to batteries and
flywheels if applicable.

The cost to provide synchronous reserves from battery or flywheel resources shall be capped at
the expected value of the penalty for failing to provide Synchronized Reserve, where such
expected value shall be posted on Markets and Operations > Ancillary Services > Synchronized
Reserve page. The expected value of the penalty is calculated using the equation below:

Expected Value of Penalty (ﬁ) = Average Penalty* Average Rate of Nonperformance* Probability an event will occur
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Where:

Average Penalty is expressed in $/MWh and calculated as

$ \ _  Total Penalty ($)
Average Penalty (MWh) ~ Total Shortfall (MWh)

Average Rate of Nonperformance during Synchronized Reserve events is calculated as

Average Rate of Nonperformance = 1 — Average Synchronized Reserve Response Rate

Probability an event will occur is the probability a Synchronized Reserve event that will qualify

for nonperformance assessments will occu calc Late as .
oy . 2
PI’ObabI/Ity an event will occur = I;'o%srw)glours oP ynchronized Reserve Events 2 10 Minutes

Total Hours in the Period

11.8 Regulation Cost

Note:
The information in Section 2.8 contains basic Regulation Cost information relevant for all unit
types. The following additional information only pertains to batteries and flywheels.

Batteries and flywheels shall calculate Energy Storage Unit Losses in accordance with the
equation below. The “Cost Increase due to Heat Rate Increase during non-steady state
operation” and the “Fuel Cost Increase and Unit Specific Heat Rate Degradation due to
Operating at lower loads” shall be equal to zero.

If a Market Seller wishes to change its method of calculating these losses, the Market Seller
shall submit a request pursuant to Section 1.8. The approved method of calculation may be
implemented upon approval and may be updated no more frequently than once every 12
months. If any action by a government or regulatory agency that results in a need for the Market
Seller to change its method of cost calculation, the affected Market Seller may submit a request,
or notification as appropriate, to PJM and the MMU for evaluation, pursuant to Section 2.3.1.

Energy Storage Unit Losses ($/MW) — shall be the calculated average of seven (7) days of
rolling hourly periods where the real time bus LMP ($/MWh) at the plant node is multiplied by
the net energy consumed (MWh) when regulating divided by the regulation offer (MW). The
seven (7) days of rolling hourly periods shall consist of the unit’s last 168 hour periods with
accepted regulation offers. The following equation governs energy storage unit’s fuel cost
increase:

Energy Storage Unit Losses ($/ MW)
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Hourly LMP(%)*Hourly Net Energy Consumed (MWh)

Hourly Accepted Regulation Offers (MW)

= Average of 7 Days,
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Section 12: Energy Market Opportunity Cost and Non-Regulatory
Opportunity Cost Guidelines

12.1 Opportunity Cost Policy

Opportunity Cost may be a component of cost under certain circumstances.

» Specific business rules for Opportunity Costs have been defined in the Operating
Agreement for various products including energy and regulation.

» Requests for recovery of Opportunity Costs not defined in the Operating Agreement should
be submitted to PJM and the MMU pursuant to the Cost Methodology and Approval
Process.

The Opportunity Cost Calculator described in Section 12.3 through 12.6 of this manual is
suspended as of June 1, 2020. Market Sellers that wish to include an Opportunity Cost in a
unit’s cost based offers should use the IMM Opportunity Cost Calculator described in Section
12.7 of this manual.

For details on how to obtain an opportunity cost adder from the IMM Opportunity Cost
Calculator, contact the IMM at MMU_Energy Offers Review@monitoringanalytics.com.

For any other questions related to Opportunity Cost adders please contact PJM at
FuelCostPolicyAnalysis@pjm.com.

12.2 Basis for Opportunity Cost to be included in Cost Offers

There are three reasons for the application of Opportunity Costs as contained in this section.

12.2.1 Energy Market Opportunity Costs

Energy Market Opportunity Costs associated with an externally imposed environmental run-hour
restriction on a generation unit. Examples would include a limit on emissions for the unit
imposed by a regulatory agency or legislation, a direct run hour restriction in the operating
permit, or a heat input limitation defined by a regulatory decision or operating permit.

12.2.2 Non-Regulatory Opportunity Cost: Physical Equipment Limitations:

Physical Equipment Limitations must have supporting evidence submitted by the Market Seller.
Documentation such as an OEM recommendation or bulletin and/or insurance carrier
restrictions would meet this criterion. Only limitations that cause the unit to experience a
restriction in the number of starts or run hours would be eligible for Non-Regulatory Opportunity
Cost.
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12.2.3 Non-Regulatory Opportunity Cost: Fuel Limitations
Fuel Limitations are eligible for Non-Regulatory Opportunity Costs for a fuel supply limitation, for
up to one year, resulting from an event of force majeure.

Force Majeure is defined as: Any cause beyond the control of the affected Interconnection Party
or Construction Party, including but not restricted to, acts of God, flood, drought, earthquake,
storm, fire, lightning, epidemic, war, riot, civil disturbance or disobedience, labor dispute, labor
or material shortage, sabotage, acts of public enemy, explosions, orders, regulations or
restrictions imposed by governmental, military, or lawfully established civilian authorities, which,
in any of the foregoing cases, by ,.exercise of due diligence such party could not reasonably
have been expected to avoid, and which, by the exercise of due diligence, it has been unable to
overcome. Force Majeure does not include (i) a failure of performance that is due to an affected
party’s own negligence or intentional wrongdoing; (ii) any removable or remediable causes
(other than settlement of a strike or labor dispute) which an affected party fails to remove or
remedy within a reasonable time; or (iii) economic hardship of an affected party.

12.3 Calculation Method Options: Two Methodologies for calculating
Opportunity Cost

Market Sellers may opt to follow one of the two following methodologies; the difference between
the methodologies being the applicable time period. Market Sellers may develop alternative
methods specific to their units and submit those methods for approval. Requests for recovery of
opportunity costs using other methods not defined in the Operating Agreement should be
submitted to PJM and the MMU for evaluation under the Cost Methodology and Approval
Process and shall receive PJM’s approval prior to using the alternative method

Energy Market Opportunity Costs and Non-Regulatory Opportunity Costs are a distinct
component of the cost-based offer. As is the case with any computation of the cost-based offer
in Manual 15, Market Sellers may elect to enter their cost-based offer at a value less than the
computed cost-based offer. However, they may not exceed the computed value.

12.3.1 Long Term Method (greater than 30 days)

This method uses monthly forward prices as the basis for forecasts of fuel and electricity costs
in the future. Opportunity costs calculated with this method will change frequently. Given that
electricity and fuel futures can change daily, the opportunity costs computed can likewise
change daily. Market Sellers who include opportunity costs in their cost-based offers must
recalculate their long-term opportunity cost no less frequently than once per every 7 days.

12.3.2 Short Term Method (30 days or less)

This method uses daily forward prices as the basis for forecasts of fuel and electricity costs in
the future. Market Sellers who include opportunity costs in their cost-based offers must
recalculate their short term opportunity cost every day.
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12.4 Definitions

VALUE DEFINITION

N number of hours in the month (on-peak/off-peak)
Y Year
m month
d day of the month
h hour
t Number of hours remaining in the compliance period
Peak off-peak hours only or on-peak hours only
FY future year
BUSLMP LMP at the unit’s bus
PJMWHLMP PJM Western Hub LMP
PJMWHFRP PJM Western Hub Forward Price
DAPJMWHFRP Day Ahead PJM Western Hub Forward Price
Trading Day In respect of a particular futures market a day on which that
Market open for trading
Dm Delivery Month; Month the commodity contract is to deliver the
commodity in the future.
Base year one of the three historical years used to create volatility in the
fuel and power forecasts
Peak Peak hours are from 7:00 AM to 11:00 PM (the hour ending 0800
to the hour ending 2300) prevailing local time. Peak days are
Mondays through Fridays, excluding North American Electric
Reliability Corporation (NERC) holidays.
Off-peak Off-peak hours are from midnight to 7:00 AM (the hour ending
0100 to the hour ending 0700) and 11:00 PM to midnight (the
hour ending 2400) Mondays through Fridays; also, all day
Saturdays and Sundays (the hour ending 0100 to the hour ending
2400) and North American Electric Reliability Corporation
holidays
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VALUE DEFINITION

Frequently A unit that was offer-capped for more than a defined proportion of
mitigated unit its real-time run hours in the most recent 12-month period. FMU
(FMU) thresholds are 60 percent, 70 percent and 80 percent of run

hours. Such units are permitted a defined adder to their cost-
based offers in place of the usual 10 percent adder.

Unit Cost Cost of Dispatch without Start-up Cost

Unit Dispatch Cost Cost of Dispatch with Start-up Cost Included

All inputs use prevailing width preserving decimal precision of historical record.

12.5 Long Term Methodology

12.5.1 Step 1: Derive Historical Monthly LMP Basis Differential between the
generation bus and western hub

Inputs required for STEP 1: Platts-ICE Forward Curve for
“PJM west” from the recent trading day, Three years of
historical hourly real-time LMPs at the generation bus, and
Three years of historical hourly real-time PJM Western Hub
LMPs

The mismatch between the location of the forward contract delivery point (Western Hub) and the
relevant generator bus can be accounted for in the historic, monthly average basis differential
for both peak and off-peak hours. This basis differential can be expressed as the average, over
all peak or off-peak hours in a month, of the ratio of the hourly bus LMP to the hourly Western
Hub LMP. If this ratio is greater than one, it means the bus LMP is greater than the Western
Hub LMP on average. If this ratio is less than one, it means the bus LMP is less than the
Western Hub LMP on average.

Platts-ICE Forward Curve for “PJM west” (PJM Western Hub) must be collected for this first
step (http://www.platts.com/). These PJM Western Hub Forwards multiplied by a historical basis
adjustment ratio for delivery to the generator’s bus creates monthly delivered bus prices. The
three prior calendar year’s historical data is used to make this calculation. For example, when
calculating opportunity costs for July 2, 2010 for a unit with a calendar year compliance period,

use historical LMP data from July an (2007,2008,2009) to December 315t (2007,2008,2009).
The Opportunity Cost Calculator is also able to provide forecasts for a rolling compliance period
(e.g. a rolling 12 months) rather than a calendar year period. For units with a 12 month rolling
compliance period, use LMP data from the previous three years, beginning on the date
calculated and ending two days previous. For example, when a unit is calculating opportunity
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cost for July 2nd, 2010 with a rolling 12 month compliance period, use historical LMP data from

July ond (2007,2008,2009) to June 30th (2008, 2009, 2010). Begin by taking the hourly bus
prices for the three prior calendar years at the generator’s bus, and for every hour, divide that
hour’s price by the corresponding price at PJM Western Hub. The historic hourly basis
differential in hour h, day d, month m, and year y is:

BUSLMP, 4 p

HourlyBasisDifferentialRatioy, m 4 n = 5 JMWHLMISy -

Note:

When PUMWHLMP is zero and the BUSLMP is zero, then the radio value is one. If
PJMWHLMP is zero and the BUSLMP is not zero then value is null and it is not included in
the average.

BUSLMP
. . . June 3, 2007 H11
HourlyBasisDifferentialRatio = :
y June 3, 2007 H11 PIMWHLMP 3, 2007 H11

BUSLMF june 3, 2008 H11
PIMWHLMP jne 3, 2008 H11

HourlyBasisDifferentialRatio jyne 3, 2008 H11 =

BUSLMP
. . . June 3, 2009 H11
HourlyBasisDifferentialRatio = *
yi June 3, 2009 H11 PJMWHLMPJune 3. 2009 H11

Exhibit 9: Three hourly basis differential ratios variables for the same hour in each of three
historical years

Once the hourly basis ratios are calculated for every hour during the three-year history, for each
historic month take the sum of the on-peak hourly basis differentials in the month, and divide by
the number of peak hours in the month (observations). Similarly, for every month, sum the off-
peak hourly basis ratios, and then divide by the number of off-peak hours within that month.
When calculating the monthly peak basis ratio all days in the month will be used for the
average. These monthly basis differentials adjust PUM Western Hub monthly peak and off-peak
forward prices to expected peak and off-peak monthly forward prices delivered to the
generator’s bus.

peak _

MontthPeakBasisDifferentialRationy’ m

z *(HourlyBasisDifferentiaIRatiosp e;k d h))
peak hours y.m.a,
Number of Peak Hours in month m

MonthlyOffPeakDifferentialRatio’ 2 =

y.m

z *(HourlyBasisDifferentialRatiosOff— p;a:
peak hours y.m.a,
Number of Off - Peak Hours in month m
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MonthlyPeakBasisDifferentialRation’ oo ..,

zpeak hours *(HourlyBasisDifferentialRatios in June 2007))
- Number of Peak Hours in June 2007

MonthlyPeakBasisDifferentialRation’ o ,oog

Y peak hours ‘(HourlyBasisDifferentialRatios in June 2008))
- Number of Peak Hours in June 2008

— . ——peak
MonthlyPeakBasisDifferentialRation’;; o 2009

zpeak hours “(HourlyBasisDifferentialRatios in June 2009))
- Number of Peak Hours in June 2009

Exhibit 10: Monthly Peak Basis Differentials for the three historical periods

Multiply monthly peak and off-peak basis differential ratios by the respective monthly peak and
off-peak PJM Western hub forwards to derive forecasted monthly peak and off-peak bus prices
from the historical year. When calculating the monthly peak basis differential ratio all days in the
month will be used for the average.

Forecasted Monthly Bus Pricely; afn*[PJM WesternHubf °x “MonthlyPeakBasisRatio]

. OFFpeak
ForecastedMonthlyBusPrice ;¢ 5010, pase 2007

OFFpeak
[(PJMWHFRPforng?\?elyJune 2010)

. _OFFpeak
ForecastedMonthlyBusPrice ;.5 5010, pase 2008

OFFpeak
[(PJMWHFRPfordZI?\?en/June 2010)

. OFFpeak
ForecastedMonthlyBusPrice ;5 5010, pase 2009

OFFpeak
[(PJMWHFRPfordZI?\?e/yJune 2010)

Exhibit 11: Forecasted monthly bus prices for three historical periods

Outputs required for STEP 1: Three peak and off-peak
monthly BUS LMP forecasts for each month remaining in the
compliance period.
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12.5.2 Step 2: Derive hourly volatility scalars to incorporate hourly volatility into the
LMP forecast

Inputs required for STEP 2: Three years of historical hourly
real-time LMPs at the generation bus

The monthly futures prices quoted only consider the average peak and off-peak prices for the
month and do not consider hourly LMP volatility. Step 2 derives will develop an hourly volatility
scalar. This scalar will later be multiplied against the forecast in Step 1 to derive an hourly bus
LMP forecast that incorporates historic hourly peak and off-peak LMP volatility as well as
monthly peak and off-peak basis differentials from the historical year with PJM Western Hub.

First, 