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Section 1: Introduction

1.1 About PIJM 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.
Complete list of all PJM Manuals.

1.2 How to Use This Manual

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

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 PIM
Interconnection, L.L.C. (PJM Operating Agreement), PJM Open Access Transmission Tariff
(PJIM Tariff) or the Reliability Assurance Agreement Among Load Serving Entities in the
PJM Region. Throughout this manual, the term MBTU is defined as millions of BTUs.

1.3 The intended audiences for this Manual:

Unit Owner
PJM staff
MMU

Regulators

== =4 =4 =4 =

Market Participants
1.4 What is in this Manual?

1 Atable of contents that lists two levels of subheadings within each of the sections

1 An approval page that lists the required approvals and a brief outline of the current
revision

1 Sections containing the specific guidelines, requirements, or procedures including
PJM actions and PJM Member actions

1 Attachments

1.5 Cost Development Subcommittee Mission

The Cost Development Subcommittee (CDS) reports to the PIM Markets and Reliability
Committee (MRC) and is responsible for developing, reviewing, and recommending

PJM © 2011
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procedures for calculating the costs of products or services provided to PJM at a cost-based
rate for generators. CDS responsibilities can be foundintheSub commi t t eebés <char
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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 Operating Agreement of PJM Interconnection,
L.L.C.

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 Unit Owner 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 suppliersd output plus the output of the suyg
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 Unit Owner fails a TPS
test, then 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 PJIM Members
who own or control a generating unit(s) with structural market power cannot exercise it.

1.7 Components of Cost

This Manual is designed to instruct Unit Owners on how to develop their cost based offers.

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 PIJM

Members to determine each unités production cost

PJM © 2011 5
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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:

Manual 15: Cost Development Guidelines
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1 Start-up cost
1 No-load cost
1 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
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 participant can determine how the slope

of the offer curve is defined; however, the slope must be monotonically increasing.

1.7.2 Start Cost

Start costs - are defined as the costs to bring the boiler, turbine and generator from
shutdown conditions to a state ready to connect to the transmission system. Start costs can
vary with the unit offline time being categorized in three unit temperature conditions: hot,
intermediate and cold. Start cost is a dollar cost and is incurred once each time the unit
operates regardless of the period of operation. See Start Cost in Section 2.4 and in each
Generator Section under Start.

1.7.3 No Load Cost

No-load cost i is the calculated cost per hour to run at zero net output.

1.7.4 Incremental Cost

Hourly production costs -are calculated for a period. It 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 no-load cost and the incremental
energy cost per output segment.

The incremental energy cost is the cost per MWh to produce all of the energy segments

above the economic minimum level (minimum generation level with the unit available for

economic dispatch). No-load costs are not included in the incremental costs. It is calculated

by summing the cost of each segment of energy
the generation level. This cost is a dollar per hour ($/MWh) rate.

PJM © 2011 3
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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 costs and hourly production costs.
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To determine the total production cost of a unit, the following formula is used:

X

Total Production Cost= Start up Costs+ Hourly Production Costs
0

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

It is important to remember that PIJM 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.

1.8 Cost Methodology and Approval Process

A PJM Member who owns or controls the generating unit(s) (Unit Owner) 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 that is not
specifically permitted by the PIM Tariff, PIM Operating Agreement or this Manual, shall
submit a request to the PIJM Market Monitoring Unit (MMU) for consideration and
determination, except as otherwise specified herein.

After receipt of such a request, the PJIM MMU shall notify the Unit Owner of its determination
of the request no later than fifteen (15) calendar days after the submission of the request. If
the Unit Owner and the PJM MMU agree on the determination of the request, the request
shall be deemed to be approved.

If the Unit Owner and the PJM MMU cannot agree on the determination of the request, the
Unit Owner may submit its request to PJM in writing for consideration and approval. In its
written request to PJM, the Unit Owner must notify PJM of all prior determinations of the
PJM MMU with respect to any such request and must provide a copy of such request to the
PJM MMU within one (1) calendar day of submitting the request to PJM.

This process shal/l be ref er reMethddology Appravdi i s Manu al
Process. 0

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

1 PJM Manual for Pre-Scheduling Operations (M-10)

1 PJM Manual for Scheduling Operations (M-11)
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PJM Manual for Generator Operational Requirements (M-14D)

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

PJM Manual for Operating Agreement Accounting (M-28)

PJM Manual for Definitions and Acronyms (M-35)
eMKT User Guide
PJM Markets Database Dictionary

Energy Market Opportunity Cost Calculator in eMKT

A Review of Generation Compensation and Cost Elements in the PIM Markets
Cost Offer Development Application (CODA) User Guide
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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 Rates

Heat Rate - equals the MBTU content of the heat input divided by the MWh of power output.

The smaller the heat rate value the greater the efficiency. The heat rate can also be referred
toastheinputout put function. Throughout tnedas manual,
millions of British Thermal Units.

MBTU _ Heat Input

Total HeatRate= W ot MW

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 HeatRate= YMBTU YMWh
= (Changein Fuel Goingln)/ (Changen Energy ComingOut)
= Ty/ Tx TotalHeatRate

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.

2.1.1 Heat Rate Policy

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

1 Heat rate curves (one curve per fuel type of operating mode) will be based on design
or comparable unit data modified by actual unit test data (when available).

PJM © 2011 6
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1 Data for the heat rate curve development, ideally, should include economic minimum
and economic maximum MW points. The heat rate curve will be fitted from available
data.

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

2.2 Performance Factors

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.

Total Actual Fuel Consumed
Total Theoretical Fuel Consumed

PerformanceFactor=

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. Factors for combustion turbine,
diesel units, and combined-cycle units shall be updated at least once during:

1 twelve months, or

1 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 first be submitted to the PJM MMU for
evaluation pursuant to the Cost and Methodology Approval Process. The overall
performance factor can be modified by a seasonal performance factor to reflect ambient
conditions.

2.2.1 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.
2.2.2 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, and may be based on any of:

1 As burned test
1 In stock test
1 Asreceived test

PJM © 2011
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As shipped test
Contract value
Seller's invoice

Seller's quote

= == = =4 -a

Nominal value based on Industry Standard

2.2.3 Calculation Methods of Performance Factors

There are three options availablef or use in determining a u
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:

Total Actual Fuel Consumed

PerformanceFactor= -
Total Theoretical Fuel Consumed

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.

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:

OperatingFuel PerformanceFactor=

Total Actual FuelConsumed Actual Start FuelConsumed
Total Theoretical Fuel Consumed Theoretical Start Fuel Consumed

Due to the variability and difficulty in measuring actual start fuel, a Unit Owner 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:

n

PJM © 2011
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OperatingFuel PerformanceFactor =

Total Actual FuelConsumed Total Theoretical Start Fuel Consumed
Total Theoretical FuelConsumed Total Theoretical Start Fuel Consumed

Where total theoretical start fuel consumed = fuel quantity used in the start cost calculation

2.2.4 oO6Liked Units for Performance Factors

An average performance factor may be calculated and applied for groups of like units

burning the sametype of fuel . Pl ease see the Generation s
units.

2.3 Fuel Cost Guidelines

Any Unit Owner must submit a fuel cost policy to the PIJIM MMU pursuant to the Cost and
Methodology Approval Process.

2.3.1 Modifications to Fuel Cost Policies

A request to change the method of calculation of Basic Fossil or Nuclear Fuel Cost shall be
submitted to the PJM MMU for evaluation pursuant to the Cost and Methodology Approval
Process in advance of the proposed change (this is referredtobelow as fAt he proposal

Any Unit Owner and the PJM MMU shall discuss the proposal and the PIM Member will

provide documentation supporting its request to the PJM MMU. The PIM MMU shall provide

an initial response to the PJM Member in writing within 30 daysof t he member 6s subm
of the request to the PJM MMU, indicating its agreement with the request or areas of

concern pursuant to the Cost and Methodology Approval Process. The changed method of

calculation may be implemented immediately upon final approval pursuant to the Cost and

Methodology Approval Process.

If any action by a governmental or regulatory agency external to a Unit Owner that results in
a need for the Unit Owner to change its method of fuel cost calculation, the affected PIM
Member may immediately submit a request to the PJIM MMU for evaluation, pursuant to the
Cost and Methodology Approval Process to change the method of calculation in advance of
the proposed change.

2.3.2 Fuel Cost Calculation

The method of calculation of fuel cost may be updated no more frequently than once every
12 months, on a rolling basis.

Each company must review and document their fuel costs 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 is
necessary. The documentation of fuel costs must be filed via CODA.

The method of calculation of fuel cost 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

PJM © 2011 9
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be publicly available and reflect the locational cost of fuel for the generating unit. The
locational cost of fuel shall include specification of any additional incremental costs of
delivery for the generating unit.
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Each PJM Member Company will be responsible for establishing its own method of
calculating delivered fossil fuel cost, limited to inventoried cost, replacement cost or a
combination thereof, that reflect the way fuel is purchased or scheduled for purchase.

The method of calculation only may be changed by receipt of final approval pursuant to the
Cost and Methodology Approval Process in advance of the proposed change.

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.
2.3.3 Total Fuel Related Costs

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

Total FuelRelatedCosts=
fuel costs+ fuel related costs+ SGAllowancecost + CQAllowancecost+

NOxallowancecosts+ maintenanceadder

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.

The other fuel-related cost components of TFRC 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 other fuel-related costs

calculation shall be included in the Unit Owner ¢

2.3.4 Types of Fuel Costs

Basic Fuel Cost i The cost of fuel calculated as stated in the companies' fuel pricing policy
(excluding fixed lease expenses).

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

Incremental Energy Cost i 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 cost.

Total Cost i 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 cost, plus the no-load cost.

PJM © 2011 10
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2.3.5 Emission Allowances

Each unit that requires SO, /CO, /NO, emission allowances (EAS) to operate may include in
the unit's TFRC the cost ($/MBTU) of the EAs as determined in the Unit Owner's allowance
cost policy.

Each PIJM Member must submit a policy that would state its method of determining the cost
of SO, /CO, INO, EAs for evaluation pursuant to the Cost and Methodology Approval
Process. An example of the calculation must be included in the policy. The method of
calculation may be changed only after evaluation pursuant to the Cost and Methodology
Approval Process.

The period used for determining the projected SO, /CO, /NO, discharge and the MBTUs
burned must be included in the Unit Owner's policy and may be based on historical or
projected data.

For units that have dual fuel firing capability, a Unit Owner should use different EA factors
based on the SO, /CO, /INO, emitted for each particular fuel or fuel mix.

NOx/ CO, emissions costs will be included in TFRC only during a NOx/ CO, compliance

period and only by affected generating units. Details of the cost calculation methodology and

example calculations willbecontai ned i n each Uni tCoRaticg.r 6s NOx [/
Compliance requirements and dates may vary by geographic region.

2.3.6 Leased Fuel Transportation Equipment

Leased Fuel Transportation Equipment Cost T Expenses incurred using leased
equipment to transport fuel to the plant gate. If expenses are fixed, they must be excluded
from fuel cost determination.

When calculating the total fuel related costs, fixed charges for transportation equipment
(e.g., pipelines, train cars, and barges) should be excluded. Dollars that represent lease
charges are considered fixed charges if the total amount to be paid over a period is fixed
regardless of the amount of fuel transported. Should the terms of the lease agreement be
such that there is a fixed charge plus a charge for every unit of fuel delivered, the "charge
per unit of fuel delivered" should be included in the Fuel on Board (FOB) delivered cost or in
the calculation of the "other fuel related costs" as per the documented fuel pricing policy.

The above guideline applies when a unit, plant, or system is served totally by leased fuel
transportation equipment. When fuel is supplied by both leased and common carrier fuel
transportation systems, the common carrier rate should be included in the Fuel On Board
(FOB) delivered cost or included in the calculation of the "other fuel related costs" as per the
documented fuel pricing policy of each Unit Owner. This assumes that the leased fuel
transportation equipment would serve base fuel requirements, while common carrier
deliveries would change, based on incremental generation changes.
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2.4 Start Cost

2.4.1 Start Cost Definitions

Start Cost -is the dollars per start as determined from start fuel, total fuel-related cost,
performance factor, electrical costs, start maintenance adder, and additional labor cost, if
required above normal station manning levels.

Start Cost( $j (Start)) =
[Start Fuel(MBTUj (Start)) z TFRE$) (MBTU) z PerformanceFactor)]
+ [Station Service(MWh) z Station ServiceRate($j (MWh))]
+ Start MaintenanceAdder ($j Start) + Start Additional Labor Cost( $j Start)

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

Start Fuel - Fuel consumed from first fire of start process (initial reactor criticality for nuclear
units) to breaker closing (including auxiliary boiler fuel) plus fuel expended from breaker
opening of the previous shutdown to initialization of the (hot) unit start-up, excluding normal
plant heating/auxiliary equipment fuel requirements

Start Maintenance Adder i see Section 2.6

Start Additional Labor Cost i Additional labor costs for startup required above normal
station manning levels.

2.4.2 Engineering Judgment in Start Costs

A Unit Owner may apply engineering judgment to manufacturers' data, operational data, or

the results of start tests in order to derive the components of unit start cost. A record of the

results of these determinations shall be kept on file by each Unit Owner for use as a single,

consistent basis for scheduling, operating, and accounting applications. These records shall
be made available to the PJIM MMU or PJM upon request.

2.5 No Load

2.5.1 No-Load Definitions

No-load cost is the hourly fixed cost, expressed in $/hr, to run the generating unit at zero
MW output. Since generating units cannot normally be run stable at zero net output, the
heat input may be determined by extrapolating the total heat input-output curve to zero net
output. Therefore, No-load fuel consumed shall be the theoretical value of fuel consumed at

PJM © 2011
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zero net output from test data or through extrapolation of the theoretical input-output curve.
All PJIM Members shall use no-load fuel consumed to develop no-load costs for their units.
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No-load fuel value shall be the value used to develop no-load costs. The fuel associated
with unit no-load may be a theoretical value extrapolated from other unit operating data, or
may be the result of a specific test performed to document the no-load fuel consumed.
Sufficient documentation for each generating unit's no-load point in MBTUs (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

2.5.2 No Load Calculation

No-Load Cost ($/Hr) is the No-Load fuel Cost multiplied by the performance factor,
multiplied by the (Total Fuel-Related Cost (TFRC))

NoLoadCos{($j Hour) =
( No LoadFuelz PerformanceFactorz TFRQ

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

2.6 Variable Maintenance Cost

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

Total MaintenanceCostext year =

EscalationIndexext year
EscalationIindexcurrent year

Annual MaintenanceCostz

EscalationIndexext year
EscalationIndex!ast year

Annual MaintenanceCostz

EscalationIndexext year
EscalationIndex'ast year 1

Annual MaintenanceCostz

EscalationFactor"®t year
Escalationindexlast year (maintenance period 1)

8 + Annual MaintenanceCostz

The PIM MMU will review the Maintenance Adders for all units pursuant to the Cost and
Methodology Approval Process which Schedule 1, Section 6 of the Operating Agreement of
PJM Interconnection, L.L.C. applies.

The Maintenance Adder is based on all available maintenance expense history for the
defined Maintenance Period (See 2.6.3) regardless of unit ownership. Only expenses

PIJM © 2011
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incurred as a result of electric production qualify for inclusion. The Maintenance Adder
should be reviewed (and updated if changed) at least annually.

If a Unit Owner 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
the PJM MMU for consideration pursuant to the Cost and Methodology Approval Process.

2.6. 1 Escalation Index

Escalation Index is the annual escalation index is derived from the July 1 Handy - Whitman

Index Table E-1 , l'ine 6, ficonstruction cost el ectri
YEAR INDEX ESCALATION FACTOR
1989 300 2.007
1990 308 1.955
1991 315 1.911
1992 322 1.870
1993 334 1.802
1994 346 1.740
1995 358 1.682
1996 363 1.658
1997 375 1.605
1998 383 1.572
1999 389 1.548
2000 415 1.451
2001 425 1.416
2002 438 1.374
2003 441 1.365
2004 465 1.295
2005 493 1.221
2006 515 1.169
2007 546 1.103
2008 596 1.010
2009 578 1.042
2010 602 (est) 1.000

PJM © 2011
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YEAR INDEX ESCALATION FACTOR
1990 308 2.036
1991 315 1.990
1992 322 1.947
1993 334 1.877
1994 346 1.812
1995 358 1.751
1996 363 1.727
1997 375 1.672
1998 383 1.637
1999 389 1.612
2000 415 1511
2001 425 1.475
2002 438 1.432
2003 441 1.422
2004 465 1.348
2005 493 1.272
2006 515 1.217
2007 546 1.148
2008 596 1.052
2009 578 1.085
2010 604 1.038
2011 627 (es) 1.000

Exhibit 1: Handy Whitman Index

2.6.2 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. 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 defhedanyc hange t o the physical un
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

= = =4 =4 -4 -4 a4 -a -

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

Note: Total Maintenance Dollars must be calculated for the same historical period as
Equivalent Service Hours.

2.6.3 Incremental Adjustment Parameter

Any variable cost incurred in the production of energy for PIM dispatch, not included in the
CDS guidelines for Total Fuel Related Costs or Maintenance Adder. This includes water
injection costs, Title 5 emission fees, and any other variable cost that has been previously
approved pursuant to the Cost and Methodology Approval Process for inclusion.

2.6.4 Equivalent Hourly Maintenance Cost

The hourly Maintenance Cost in dollars per hour. This is defined as total maintenance
dollars divided by equivalent service hours or total fuel, depending on unit type.

Total MaintenanceDollars
EquivalentServiceHours

EquivalentHourly MaintenanceCost $j Hour =

Or
Total MaintenanceDollars
Total Fuel

EquivalentHourly MaintenanceCost $§ mmbtu =

Estimated Year 2011 Total Maintenance Example for a Combustion Turbine

Total MaintenanceCosbg; =

Escalationindex?011

Annual MaintenanceCos z - +
%010 * Egcalationindex2oio

EscalationIndex?011

Annual MaintenanceCos z - +
%009 * Eqcalationindex2000

Escalationindex?011
Escalationlndex2008

Annual MaintenanceCosbggg 2

Escalationindex?011

Escalation Index2000

8 0 Annual MaintenanceCosbggg ?

Estimated Year 2011 Equivalent Service Hours
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EquivalentServiceHours =

CyclicStarting Factorz Number of Starts + Total OperatingHours + (CyclicPeakingFactor
z Number of Hours aboveBaseload

See cyclic starting factor and cyclic peaking factor in section 5.6.3

EquivalentHourly MaintenanceCost $j Hour =

Total MaintenanceDollars  $406,236
Equivalent ServiceHours ~ 118,348 Hours

= $3.43j Hour

Exhibit 2: Example Calculation of Maintenance Adder for a CT using a 10 year Maintenance Period

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.

Companies 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 PIJM
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

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

RegulationCosts($j MWh)

Fuel CostIincreaseand Unit SpecificHeatRateDegradationdue to Operatingat Lower Loads
+ Costincreasedue to HeatRatelncreaseduring nonsteadystate operation

(aboveheatrate factor not to exceed0.35%) + Costincreasein VOM+ Margin Risk Adder
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
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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.

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 non-hydro units that have been providing Regulation service for less than 10 years, or
all hydro units regardless of the historical years of Regulation service, the following variable
operation and maintenance (VOM) costs can be applied by unit type up to the following:

1 Super-critical Steam: $10.00 per MWh of Regulation
1 Sub-critical Steam: $3.50 per MWh of Regulation
9 Combined Cycle: $2.50 per MWh of Regulation
1 Combustion Turbine: $2.00 per MWh of Regulation
1 Hydro: $1.00 per MWh of Regulation

Exhibit 3: VOM for All Hydro Units or Non-Hydro Units providing service for less than 10 years

For non-hydro units that have been providing Regulation service for more than 10 years, the
VOM rates above can be utilized only if the annual VOM dollar amounts resulting from those
rates and 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.

Margin/Risk Adder:

Margin Risk Adder shall not exceed $12.00 per MWh of Regulation service provided.

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

PJM © 2011
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= ($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

Actual Regulation VOM incremental costs submitted and evaluated pursuant to the Cost and
Methodology Approval Process.

Exhibit 4: Example of VOM for Non-Hydro Units providing Regulation for more than 10 years:

For Example for a Sub-critical Coal-Fired Steam Unit providing Regulation Service for the
last seven years:

Unit Operating Mode Heat Rate

Steam Unit Highest Regulating Operating 9,000 BTU/kWh
Load:

Steam Unit Regulation Band:

Lowest Regulating Operating Load 12,500 BTU/kWh

PJM © 2011
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Base Prices

Fuel Cost (TFRC):

$1.50/MBTU

Heat Rate Adjustment (Operating Range)

Unit Base Load Heat Rate Fuel Input =

9,000 * 40/ 1000 = 360.0 MBTU/Hr

Unit Reduced Load Heat Rate Fuel Input =

12,500 * 40 / 1000 = 500.0 MBTU/Hr

Difference =

140.0 MBTU/Hr

Heat Rate Adjustment (Non Steady-State Operation)

Top Operating Point Heat Rate =

9,000 Btu/kWh

Heat Rate Loss Factor =

0.35%

Heat Rate Loss =

(9,000%0.35%) * 100 MW / (1000 KW/MW)

=3.15 MBTU/Hr

PJM © 2011
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Total Regulation Cost:

(a) Heat Rate Adjustment (Operating Range)
Fuel Cost Adder i Operating Range = 140.0 MBTU/Hr * $1.50/MBTU / 60 MW Operation Band
= $3.50/Hr/MW of Regulation

(b)Heat Rate Adjustment (Non Steady-State Operation)

Fuel Cost Adderi Non Steady-State Operation | = 3.15 MBTU/Hr * $1.50 MBTU / 10 MW Regulation
Band

= $0.47/Hr/MW of Regulation

(c) VOM Adder
Regulation VOM Adder $3.50/Hr/MW of Regulation (for a Steam Unit)

(d) Margin/Risk Adder
Margin/Risk Adder = $12.00/Hr/MW of Regulation

Total Regulation Cost
Total Regulation Cost = (a) Fuel Cost Adder (Operating Range) + (b) Fuel Cost
Adder (Non Steady-State Operation) + (c) VOM Adder +
(d) Margin/Risk Adder

Total Regulation Cost = $3.50 + $0.47 +3.50+ $12.00

Total Regulation Cost $19.47/Hr/MW of Regulation

Exhibit 5: Regulation Maximum Allowable Cost Adder Example
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How to Use this Manual

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

Section 3: Nuclear Unit Cost Guidelines

Section 4: Fossil Steam Unit Cost Development

Section 5: Combined Cycle (CC) Cost Development

Section 6: Combustion Turbine (CT) and Diesel Engine Costs
Section 7: Hydro

Section 8: Demand Side Response (DSR)

Attachment A: Applicable FERC System of Accounts
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Section 3: Nuclear Unit Cost Guidelines

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

Nuclear Plant T 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 Rate

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

3.2 Performance Factor

Note: The information in Section 2.2 contains basic Performance Factor
information relevant for all unit types including nuclear units.

3.3 Fuel Cost

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

3.3.1 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 MBTU, as forecast for
the applicable fuel cycle.

BasicNuclearFuelCost($j MBTU) = Dollarsin FERCAccount518 Interest Cost

See definition in FERC account 518 in A.2.5

3.3.2 Total Fuel-Related Costs for Nuclear Units

Total Fuel RelatedCostsfor NuclearUnits =

BasicNuclear Fuel Cost+ MaintenanceAdder
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Note: The information in Section 2.4 contains basic Start Cost information
relevant for all unit types. The following information only pertains to nuclear
units.

Start Cost 1 The dollars per start as determined from start fuel, total fuel-related cost,
performance factor, electrical costs, start maintenance adder, and additional labor cost, if
required above normal station manning levels.

Start Fuel 1 Fuel consumed from first fire of start process (initial reactor criticality for nuclear
units) to breaker closing and fuel expended from breaker opening of the previous shutdown
to initialization of the (hot) unit start-up, excluding normal plant heating/auxiliary equipment
fuel requirements.

3.4.1 Hot Start Cost

Hot start 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.
Components of hot start cost include:

1 Total fuel-related cost from first fire of start process (initial reactor criticality for
nuclear units) to breaker closing priced at the cost of fuel currently in effect

1 And shutdown fuel cost defined as the cost of fuel expended from breaker opening of
the previous shutdown to initialization of the (hot) unit start-up, excluding normal
plant heating/auxiliary equipment fuel requirements.

3.4.2 Intermediate Start Cost

Intermediate start cost is the expected cost to start a steam unit during a period where

neither hot nor cold conditions apply. Use of intermediate start cost is optional based on Unit

Owner 6s policy and physical machine characterist
intermediate start cost is defined for a unit, the cost must be used consistently in scheduling

and accounting. Components of intermediate start cost include:

1 Total fuel-related cost from first fire (initial reactor criticality for nuclear units) to
breaker closing priced at the cost of fuel currently in effect

1 And shutdown fuel cost defined as the cost of fuel expended from breaker opening of
the previous shutdown to initialization of the (intermediate) unit start-up, excluding
normal plant heating/auxiliary equipment fuel requirements.

3.4.3 Cold Start Cost

Cold start 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.
Components of cold start cost include:

1 Total fuel-related cost from first fire (initial reactor criticality for nuclear units) to
breaker closing priced at the cost of fuel currently in effect
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1 And shutdown fuel cost defined as the cost of fuel expended from breaker opening of
the previous shutdown to shutdown of equipment needed for normal cool down of
plant components, excluding normal plant heating/auxiliary equipment fuel
requirements.
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3.4.4 Additional Components Applied to Hot, Intermediate and Cold Start-Up
Costs

These additional components for station service, labor and maintenance apply to all types of
starts and should be added to the cost.

1 Station service from initiation of start sequence to breaker closing (total station use
minus normal base station use) priced at the Station Service rate.

1 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 use) priced at the Station Service rate.

1 Additional labor costs in excess of hormal station manning requirements that are
incurred when starting the unit.

¢ Start Maintenance Adder.

3.5 No Load Cost

Note: The information in Section 2.5 contains basic No Load Cost 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.

Nuclear Maintenance Adder - The dollars per unit of fuel (or heat) as derived from FERC
Accounts 530 and 531 for nuclear steam units.

3.6.1 Configuration Addition Maintenance Adder

For units undergoing a significant system or unit Configuration Addition the use of an

additional AConfiguration Addition Maintenance /
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:
1 Conversion from open loop to closed loop circulation water systems

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

ren s mar a m Escalationindex?°11
FERC530 & 531 "Yui 00€i 0 "©530 & 53150;9 2 +

Escalationindex2010

o s rr EscalationIndex?011
FERG30& 531  "Yi 064i d "©530 & 5315009 2 +

Escalationlndex2909

s s s EscalationIndex?011
FERGS30& 531  "Yi 0641 d "© 530 & 531 5905 +

Escalationlndex2008

8 FERG30&531 "W 06&id "©530& 5315000 2 Escalationindex?0!!
oo 2000 Egcalation Index2000

Calculate total fuel for the maintenance period.

Total Fuel = Fuebgig + Fuebggg + Fuebgos + E ..Fuebggg

These allow for the calculation of the maintenance adder:

Total MaintenanceDollars

MaintenanceAdder,g;; = Total Fuel

Exhibit 6: Nucl ear Unitdéds Sample Formula of

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 MaintenanceCost=
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Escalationindex
(Start Costsin FERG530 & 531) 5010 2 : 201
EscalationIndex,p;9

Escalationindex
(Start Costsin FERC530 & 531) 5009 2 - 2011
EscalationlndeXx,ggg

EscalationIndex
(Start Costsin FERC530 & 531) 505 2 . 201
EscalationlndeXx,ggs

8

Escaldion Indexsgq1
EscalationIndexsggg

(Start Costsin FERC530 & 531) 509 2

This formula calculates the total number of starts:

Total Starts = Startsygig + Startsyggg + Startsyggg + 0Startsyggo
These allow for the calculation of the start maintenance adder:

Start MaintenanceAdder,gq1 $Start =

Inflation Adjusted Total Start MaintenanceCosbogoation
Total Startsooo) sta

Exhibit 7: Nucl ear Unitdés Sample Formula of Si

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 yearodés Con
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.

Total Configuration Addition MaintenanceDollars =
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EscalationIndex,p;1

Incremental FER(G30+ 531  Start CostFER(30 + 531 5519 2 - +
EscalationIndex,g;9

EscalationIndex,gq1
Incremental FERG30+ 531  Start CoStFERC530 + 531 5009 2 +

EscalationlndeXx,ggg

EscalationIndex .
2011, g

Incremental FERC530 + 531 z Start CostFERC530 + 531 5ggg 2 -
Escalationindex,ggg

Escalationindexyg;1

Incremental FER(G30+ 531  Start CostFERG30 + 531 5gqq 2 -
Escalationindex,gog

Total Configuration Addition Dollars
Total Fuel

Configuration Addition MaintenanceAdder =

Exhibit 8: Nuclear Uni t 86s Sampl e Formula of Configuration

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.

4.1 Heat Rate

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

4.2 Performance Factor

Note: The information in Section 2.2 contains basic Performance Factor
information relevant for all unit types. The following information only pertains
to 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.

4.3 Fuel Cost

Note: The information in Section 2.3 contains basic Fuel 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 Other Fuel-Related Costs. The dollars in FERC Account 501 Fuel plus
incremental expenses for fuel treatment and pollution control (excluding SO, and NOx
emission allowance costs) that were not included in Account 501; minus the fuel expenses
from FERC Account 151 that were charged into Account 501, all divided by the fuel (heat
content or quantity) shifted from Account 151 into Account 501.

4.3.1 Total Fuel Related Cost

Total Fuel Related Cost is the sum of the Basic Fuel Cost, applicable Other Fuel-Related
Costs and the Maintenance Adder, CO,, SO, and NOx emission allowance costs.

Total FuelRelatedCost($j MBTU) =

FuelCost+ Other FuelRelatedCost+ S AllowanceCost+ CQ Allowance Cost
+ NOx Allowance Cost+ MaintenanceAdder

TFRC = Total Fuel Related Cost
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4.4 Hot Start Cost, Intermediate Start Cost, and Cold Start cost
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Note: The information in Section 2.4 contains basic Start Cost information
relevant for all unit types. The following information only pertains to fossil
steam units.

Start Cost($j Start) =

[Start FuelConsumed(MBTUj Start) z TFRG$] MBTU) 2 PerformanceFactor +
[Station Service(MWh) z Station ServiceRatg$j MWh) ] + Start MaintenanceAdder ($]
Start) + Start Additional Labor Cost( $j Start)

4.4.1 Hot Start Cost

Hot start 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.
Components of hot start cost include:

Total fuel-related cost are the costs from first fire of start process to breaker closing
(including auxiliary boiler fuel) priced at the cost of fuel currently in effect including shutdown
fuel cost defined as the cost of fuel expended from breaker opening of the previous
shutdown to initialization of the (hot) unit start-up, excluding normal plant heating/auxiliary
equipment fuel requirements.

Station Service from initiation of start sequence to breaker closing (total station use minus
normal base station use) priced at the Station Service rate and 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 use) priced at the
Station Service rate.

Additional labor costs in excess of normal station manning requirements that are incurred
when starting the unit.

Start Maintenance Adder Section 2.6 contains information regarding calculation of
Maintenance Adder.

4.4.2 Intermediate Start Cost

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

Total fuel-related cost is the cost from first fire to breaker closing (including auxiliary boiler
fuel) priced at the cost of fuel currently in effect, and shutdown fuel cost defined as the cost
of fuel expended from breaker opening of the previous shutdown to initialization of the
(intermediate) unit start-up, excluding normal plant heating/auxiliary equipment fuel
requirements.
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Station Service from initiation of start sequence to breaker closing (total station use minus
normal base station use) priced at the Station Service rate and 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 use) priced at the
Station Service rate.
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Additional labor costs in excess of normal station manning requirements that are incurred
when starting the unit.

Start Maintenance Adder Section 2.6 contains information for calculation of the
Maintenance Adder.

4.4.3 Cold Start Cost

Cold start 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.
Components of cold start cost include:

Total fuel-related cost from first fire to breaker closing (including auxiliary boiler fuel) priced
at the cost of fuel currently in effect, and shutdown fuel cost defined as the cost of fuel
expended from breaker opening of the previous shutdown to shutdown of equipment
needed for normal cool down of plant components, excluding normal plant heating/auxiliary
equipment fuel requirements.

Station Service from initiation of start sequence to breaker closing (total station use minus
normal base station use) priced at the Station Service rate and 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) priced at the
Station Service rate.

Additional labor costs in excess of normal station manning requirements that are incurred
when starting the unit.

Start Maintenance Adder Section 2.6 contains information for calculation of the
Maintenance Adder.

4.5 No Load Cost

Note: The information in Section 2.5 contains basic No Load Cost 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.
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Notes: Total Maintenance Dollars (TMD) plus (+) Total Start Maintenance
Dollars (TSD) cannot exceed Total Dollars in FERC Accounts 512 and 513.

Units with less than 7 years of history are considered immature. Such units
can be assigned their calculated Maintenance Adder and/or Start Cost
Maintenance Adder, or a forecast values, subject to evaluation pursuant to
the Cost and Methodology Approval Process.

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 Configuration Addition MaintenanceDollars =

Escalationindex,g11
Incremental FERG512 + 513 Start COStFERG512 + 513 5010 2 - ¥
Escahtion Indexyg19

EscalationIndex,g11
Incremental FERC512+ 513  Start CostFER(512 + 513 09 2 i ¥
EscalationIndex,qgg

EscalationIndexg11 +E
Escalationindexygog

Incremental FER(512 + 513 z Start CostFERC512 + 513 5405 2

Escalationindexygq1

Incremental FER(G12 + 513  Start CostFER(512 + 513 5gqq 2 -
Escalationindexsggg

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

Total Fuel = Fue|2010 + Fuelzoog + FUE|2008 + 00FU€|2000

These allow for the calculation of the maintenance adder:

Total MaintenanceDollars
Total Fuel

MaintenanceAdder,gq1 (5 MBTU) =

Exhibit 9: Fossil Steam Unitbés Sample Formul a

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 MaintenanceCost=
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Start CostFERG512 + 513 , Escalationindexyg;1 .\
2010 Escalationindexyosg

Start CostFERG512 + 513 i EscalationIndex,g;1 .
2099 EscalationIndexgoog

Escalationindexyg;, ‘E
EscalationIndexygog

Start CostFER(G512 + 513 595 2

Escalationindex,gq1

Start CostFERC512 + 513 g0 2 i
art Cos 2000~ Escalationindex,goo

This formula calculates the total number of starts:

Total Starts = Starts,p;o + Startsygog + Starts,geg + E + Starts,ggo

These allow for the calculation of the start maintenance adder:

Total Start MaintenanceCost
Total Starts

Start MaintenanceAdder $j Start =

Exhibit 10: Fossil Steam Unitbés Sample Formul a

4.6.1 Configuration Addition Maintenance Adder

For units undergoing a significant system or unit Configuration Addition the use of an

additional AConfiguration Addition Maintenance /
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 NO, burner).

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

= = =4 =4 -4 a4 -

Turbine Inlet Air Cooling

The specific system or unit configuration system change needs to be reviewed by the MMU
pursuant to the Cost and Methodology Approval Process and receive final approval thereof
prior to the use of a Configuration Addition Maintenance adder.
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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 ofthe CAMA, each additional yearbé6s Con
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.

Total Configuration Addition MaintenanceDollars =

EscalationIndex,g11
Incremental FERG512 + 513 Start COStFERG512 + 513 5010 2 - ¥
Esalation Indexyq19

EscalationIndex,g11
Incremental FERG512 + 513  Start CostFERC512 + 513 g9 2 i *
EscalationIndex,qgg

EscalationIndex,g1 ' B

Incremental FER(12 + 513 7z Start CostFER(12 + 513 z -
S 2008~ EscalationindeXyggg

Escalationindexygq1

Incremental FER(G12 + 513  Start CostFER(512 + 513 5gqg 2 -
Escalationindex,ggg

Exhibit 11: Fossil Unités Sample Formula of Confi

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.
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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 Tier 2 Synchronized reserve from a steam unit shall include the
following components:

Total CostsTier 2 SynchronizedReserve $j MW =

HeatRatelncreasez Variable CostRate
MW of SynchronizedReserve

+ Margin lessthan $7.50 + LostOpportunity Costs

Further information on Tier 1 and Tier 2 Synchronized Reserve can be found in PJM Manual
11: Scheduling Operations. Heat Rate Increase is the incremental increase resulting from
operating the unit at lower MW output resulting from the provision of Synchronized reserve
service

Total Steam Unit offers must be expressed in dollars per hour per MW of Synchronized
Reserve ($/MWh) and must specify the total MW of Synchronized Reserve offered.

For Example:

Output Heat Rate

Steam Unit Full Load: 100 MW 9,000 BTU/KWh

Steam Unit Reduced Load: 70 MW 9,500 BTU/KWh

VOM Rate: $0.50/MBTU

Heat Rate Penalty = (9,5001 9,000)/9,000 = 5.56%

Adjusted VOM = $0.50 * 1.0556 = $0.5278/MBTU

Steam Unit Reduced Load Heat Input = 9,500 * 70 /1000 = 665 MBTU/Hr

Heat Rate VOM Penalty = ($0.5278/MBTU - $0.50/MBTU) * 665 MBTU/Hr =
$18.487/Hr

Synchronized Reserve VOM Adder = $18.487/Hr / (100 MW i 70 MW) =
$0.6162/Synchronized MW

Exhibit 12: Steam Unit Synchronized Reserve Example

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 Combined Cycle Cost development.

Combined Cycle - An electric generating technology in which electricity is generated by
both a combustion turbine generator (the Brayton Cycle) and a steam turbine generator (the
Rankine Cycle) hence the name combined cycle. 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) i 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 combustion turbine exhaust to produce steam to drive a conventional steam turbine
generator.

5.1 Heat Rate

Note: The information in Section 2.1 contains basic Heat Rate information
relevant for all unit types including combined cycle units.

5.2 Performance Factors

Note: The information in Section 2.2 contains basic Performance Factor
information relevant for all unit types including combined cycle units.

5.3 Fuel Cost

Note: The information in Section 2.3 contains basic Fuel Cost information
relevant for all unit types including combined cycle units.

5.4 Start Cost

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

Start costs for Combined Cycle (CC) plants shall include only the following components and
shall never be less than zero:
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TFRC = Total Fuel Related Cost

$ -
Start Cost * gtgrt =

Start Fuel Consumed MBtu Start ° TFRC$ MBtu > PerformanceFactor

. . . . $
+ Station Service MWh 2z Station ServiceRate MWh

+ Start MaintenanceAdder i + Start Incremental Labor Cost i
start start

Start Fuel Consumed Cost is the cost of start fuel (basic fuel cost plus fuel handling and
other fuel-related costs) from first CT fire to breaker closing for the steam turbine generator,
as measured during a normal start sequence, and the cost of shutdown fuel from breaker
opening for the steam turbine generator to fuel valve closure. Additionally, this includes the
cost of start fuel from CT first fire to the point where heat recovery steam generator (HRSG)
steam pressure matches steam turbine inlet pressure, for any CT unit/HRSG combinations
started after synchronization of the steam turbine generator.

Station service is included from initiation of start sequence of initial combustion turbine to
breaker closing of the steam turbine generator (total station use minus normal base station
use) priced at the Station Service Rate.

Add to this (+) station service after breaker opening of the last component when finished
operating as a combined cycle unit, priced at the Station Service rate. (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.)

Minus (-) the integration of net generation from CT synchronization to steam turbine
generator synchronization or to HRSG steam output at line pressure, priced at the actual
cost of the unit.

Minus (-) the integration of net generation during the shutdown period, priced at the actual
cost of the unit.

Incremental labor costs in excess of normal station manning requirements (only when
necessary to start the CC unit).

Start Maintenance Adder. This quantity includes both the previously defined CT Starting
Maintenance Cost and equivalent hourly maintenance for the periods from CT breaker
closing to steam turbine generator breaker closing and from steam turbine generator
breaker opening at the start of unit shutdown to CT breaker opening.

5.5 No Load Cost

Note: The information in Section 2.5 contains basic Start Cost information
relevant for all unit types including combined cycle units.
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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 combined cycle units.

Combined Cycle - Maintenance Adder 1 The dollars per unit of fuel (or heat) as derived
from FERC Accounts 512, 513, and 553. If submitting as a simple cycle combustion turbine,
use total dollars from FERC Account 553 divided by Equivalent Service Hours (ESH).

Combustion Turbine and Combined Cycle Plant major inspection and overhaul costs
categories include but are not limited to the following:

= =4 =4 =4 -4 -4 -4 -—a -a _-a _-a _-a -a -9

Combustion Turbine Generator Inlet Air System
Inlet Air Filter Replacement

Evaporative cooling system media replacement
Mechanical inlet air cooling chiller and pump inspection and overhaul
Fuel System

Fuel Gas Compressors Inspection and Overhaul
Distillate Fuel Pumps Inspection and Overhaul
Water Treatment

Resin Replacement

RO Cartridges Replacement

Environmental

SCR and/or CO Reduction Catalyst Replacement
Combustion Turbine Generator ("CTG")

Combustion Inspections including Parts, Labor, Rentals and Specialized technical
expertise and support

Hot Gas Path Inspection including Parts, Labor, Rentals and Specialized technical
expertise and support

Major Overhauls including Parts, Labor, Rentals and Specialized technical expertise
and support

Electric Generator Inspection and Overhaul including Parts, Labor, Rentals and
Specialized technical expertise and support

Heat Recovery Steam Generator ("HRSG")
Chemical Cleaning or Hydro-Blasting of Heat Transfer Surfaces
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BFW Pump Inspection and Overhaul
Heat Transfer Surface Replacements
Casing Repair and Replacements

= = =4 =

Steam Turbine Generator ("STG") Major Overhaul including Parts, Labor, Rentals
and Specialized technical expertise and support

Surface Condenser

Chemical Cleaning or Hydro-Blasting of Heat Transfer Surfaces
Condensate Pump Inspection and Overhaul

Heat Transfer Surface Replacements

Cooling Tower

Circulation Pump Inspection and Overhaul

Cooling Tower Fan Motor and Gearbox Inspection and Overhaul

= =44 =4 =4 =4 A -a s

Replacement of Cooling Tower Fill and Drift Eliminators

5.6.1 Combined Cycle / Combustion Turbine Long Term Service Contract Cost
Recovery

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

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

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

5.6.2 Long Term Maintenance Expenses

Long Term Maintenance Expenses - Combustion Turbine and Combined Cycle Plant
major inspection and overhaul expenses may be included in variable maintenance expenses
regardless of accounting methodology if they meet specific criteria.

In order to be included in variable maintenance expenses, these costs must represent actual
expenditures that are due to incremental degradation of generating equipment directly
related to generation, starts or a combination of both. Expenditures that are not directly
related to such operation may not be included in variable maintenance expense. It must be
clear that these costs would have been included in the appropriate FERC Accounts as
described in this section. A detailed listing of all proposed long-term maintenance costs
must be submitted to the PIM MMU for evaluation and final approval pursuant to the Cost
and Methodology Approval Process.
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Long Term Maintenance Expenses cannot be counted if they are included elsewhere in

VOM.

Combustion Turbine and Combined Cycle Plant major inspection and overhaul costs
categories include but are not limited to the following:

= = =4 =4 -4 -4 a4 a4 a4 _-—a _-a _-a _-a -2

= = =4 -4 -4 a4 -4 -—a -a _—a -8 _-a -a -9

Combustion Turbine Generator Inlet Air System
Inlet Air Filter Replacement

Evaporative cooling system media replacement
Mechanical inlet air cooling chiller and pump inspection and overhaul
Fuel System

Fuel Gas Compressors Inspection and Overhaul
Distillate Fuel Pumps Inspection and Overhaul
Water Treatment

Resin Replacement

RO Cartridges Replacement

Environmental

SCR and/or CO Reduction Catalyst Replacement
Combustion Turbine Generator ("CTG")

Combustion Inspections including Parts, Labor, Rentals and Specialized technical
expertise and support

Hot Gas Path Inspection

Major Overhaul

Electric Generator Inspection and Overhaul
Heat Recovery Steam Generator ("HRSG")
Chemical Cleaning or Hydro-Blasting of Heat Transfer Surfaces
BFW Pump Inspection and Overhaul

Heat Transfer Surface Replacements
Casing Repair and Replacements

Steam Turbine Generator ("STG")

Surface Condenser

Condensate Pump Inspection and Overhaul
Cooling Tower

Circulation Pump Inspection and Overhaul

Cooling Tower Fan Motor and Gearbox Inspection and Overhaul
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1 Replacement of Cooling Tower Fill and Drift Eliminators

5.6.3 Equivalent service hours (ESH)
The estimated hours the unit will run based on history:
EquivalentServiceHours =
CyclicStarting Factorz Number of Starts + Total OperatingHours at anyload level

+ (CyclicPeakingFactorz Number of Hours aboveBaseload temperature limit)

Where:
Cyclic starting factor = 5.0 for aircraft - type CTs and 10.0 for industrial - type CTs

For example, the incremental maintenance charged to one start on an industrial - type CT is
equivalent to the incremental maintenance attributable to ten hours of base load operation.

Cyclic peaking factor = 3.0 for all CTs

This means that the additional incremental maintenance charged to the incremental energy
between base and peak loads is equivalent to the incremental maintenance attributable to
three hours of base load operation.

Note: Units with less than seven years of history are considered immature.
Such units can be assigned either their calculated Equivalent Hourly
Maintenance Cost, or a forecast value, subject to evaluation pursuant to the
Cost and Methodology Approval Process.

If any unit in a block is at least seven years old, then all like units on the block
may be considered mature.

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 Combined Cycle units.

Total costs to provide Synchronized reserve from a Combined Cycle unit shall include the
following components:

Total CostsSynchronizedReserve $§ MW =

HeatRatelncreasez Variable CostRate
MW of SynchronizedReserve

+ Margin lessthan $7.50 + LostOpportunity Costs
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Heat Rate Increase is the incremental increase resulting from operating the unit at lower
MW output resulting from the provision of Synchronized reserve service

Total Combined Cycle Unit offers must be expressed in dollars per hour per MW of
Synchronized Reserve ($/MWh) and must specify the total MW of Synchronized Reserve
offered.

For Example:

I Output Heat Rate I

Combined Cycle Unit Full Load: 450 MW 7,500 BTU/kWh

Combined Cycle Unit Reduced Load: 400 MW 7,800 BTU/kWh

VOM Rate: $0.50/MBTU

Heat Rate Penalty = (7,8007 7,500)/7,500 = 4%

Adjusted VOM = $0.50 * 1.04 = $0.52/MBTU

Combined Cycle Unit Reduced Load Heat | 7,800 * 400 /1000 = 3,120 MBTU/Hr
Input =

Heat Rate VOM Penalty = ($0.52/MBTU - $0.50/MBTU) * 3,120 MBTU/Hr =
$62.40/Hr

Synchronized Reserve VOM Adder = $62.40/Hr / (450 MW i 400 MW) = $1.248/Synchronized
MW

Exhibit 13: Combined Cycle Unit Synchronized Reserve Example

5.8 Regulation

Note: The information in Section 2.8 contains basic Regulation Cost
information relevant for all unit types including combined cycle 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
Combustion turbines or diesel engines.

Combustion Turbine Unit i A generating unit in which a natural gas or oil fired combustion
turbine engine is the prime mover for an electrical generator.

Diesel Engine 7 A generating unit in which a diesel reciprocating engine is the prime mover
for an electrical generator.

6.1 Combustion Turbine and Diesel Engine Heat Rate

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

For Combustion Turbine generating units, no-load fuel shall be the theoretical or actual fuel
burn rate expressed in MBTU/Hr at the point of electric bus synchronization.

6.2 Performance Factor

Note: The information in Section 2.2 contains basic Performance Factor
information relevant for all unit types. The following additional information
only pertains to CT and diesel engine units.

6LIi ked Combu s Unito-rAn averagd pgerfoenance 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:

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

1 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.

6.3 Fuel Cost

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

Combustion Turbine Maintenance Adder is included directly with the individual operating
cost components on a $/hour basis.
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6.3.1 Combustion Turbine other Fuel-Related 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.

6.3.2 Total Fuel Related Cost Equation for CTs
Total Fuel RelatedCostsfor CombustionTurbines =

BasicFossilFuel Cost+ Other FuelRelatedCost+ SQ emissioncosts+ NQ, emissioncosts
+ CQ emissioncosts

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

6.4 Start Cost

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

Start costs for all combustion turbines and diesel units shall include only the following
components:

$ -
StartCost ® giart =

MBtu $
Start Fuel Consumed Start ° TFRC MBtu > PerformanceFactor

+ Station Service MWh 2z Station ServiceRate MWh

) $ $
+ Start Maintenance Adder —— + Start Incremental Labor Cost ——
start start

TFRC = Total Fuel Related Cost

Start Fuel Consumed * Total Fuel Related Cost (TRFC) * Performance Factor is the cost
of start fuel (basic fuel cost plus fuel handling and other fuel-related costs) from first fire to
unit breaker closing, Plus (+) cost of shutdown fuel from unit breaker opening to fuel valve
closure (basic fuel cost plus fuel handling and other fuel-related costs).

Incremental labor costs are the costs in excess of normal station manning requirements
(only when necessary to start a combustion turbine unit).

Station Service * Station Service Rate from initiation of start sequence to breaker closing
(total station use minus normal base station use) priced at the Station Service rate. Plus (+)
station service after breaker opening during shutdown (station service during shutdown

PJM © 2011
| Revision 4617, Effective Date: 06/01/201104/06/2011

44



v 4

Manual 15: Cost Development Guidelines
Section 6: Combustion Turbine (CT) and Diesel Engine Costs

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) priced at the Station Service rate.

NOTE: Starting Maintenance Cost, 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 Start Cost 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, no-load and peak
segment components.

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.

Combustion Turbine - Maintenance Adder i The total dollars from FERC Account 553
divided by Equivalent Service Hours (ESH).

Industrial Combustion Turbine T This is a combustion turbine developed specifically for
power generation.

Aircraft - Type Combustion Turbine i These are combustion turbines originally designed
for aircraft and modified for power generation.

Diesel - Maintenance Adder i The total dollars from FERC Account 553 divided by total
fuel burned (in MBTUS).

Combustion Turbine Start i For calculating combustion turbine 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 i Combustion Turbine and Combined Cycle Plant
major inspection and overhaul expenses may be included in variable maintenance expenses
regardless of accounting methodology if they meet specific criteria.

In order to be included in variable maintenance expenses, these costs must represent actual
expenditures that are due to incremental degradation of generating equipment directly
related to generation, starts or a combination of both. Expenditures that are not directly
related to such operation may not be included in variable maintenance expense. It must be
clear that these costs would have been included in the appropriate FERC Accounts as
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described in this section. A detailed listing of all proposed long-term maintenance costs
must be submitted to the PIJM MMU for evaluation and final approval pursuant to the Cost
and Methodology Approval Process.

Combustion Turbine and Combined Cycle Plant major inspection and overhaul costs
categories include but are not limited to the following:

1 Combustion Turbine Generator Inlet Air System
1 Inlet Air Filter Replacement
1 Evaporative cooling system media replacement
1 Mechanical inlet air cooling chiller and pump inspection and overhaul
1 Fuel System
1 Fuel Gas Compressors Inspection and Overhaul
1 Distillate Fuel Pumps Inspection and Overhaul
1 Water Treatment
1 Resin Replacement
1 RO Cartridges Replacement
1 Environmental
1 SCR and/or CO Reduction Catalyst Replacement
1 Combustion Turbine Generator ("CTG")
1 Combustion Inspections including Parts, Labor, Rentals and Specialized technical
expertise and support
1 Hot Gas Path Inspection
1 Major Overhaul
1 Electric Generator Inspection and Overhaul
1 Cooling Tower
1 Circulation Pump Inspection and Overhaul
1 Cooling Tower Fan Motor and Gearbox Inspection and Overhaul
1 Replacement of Cooling Tower Fill and Drift Eliminators
PJM © 2011
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6.6.1 Combustion Turbine Maintenance Adder Example

Total MaintenanceDollars
Equivalent ServiceHours

EquivalentHour MaintenanceCost=

(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 (Note: Cyclic Starting Factor = 5 for
aircraft engine CT's).

$100,000
102300 + 2,000+ 32200

EquivalentHourly MaintenanceCost EHMC =

= $17.86/Hr.
Calculation of maintenance rates

Starting MaintenanceCost= CyclicStarting Factorz EquivalentHourly MaintenanceCost
= 10z $17.86 = $178.60 per start

Hourly MaintenanceRate= EquivalentHourly MaintenanceCost= $17.86/ '@ 0i

Peakincremental MaintenanceRate
_ CyclicStarting Factor

PeakPickup

z EquivalentHourly MaintenanceCost
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_32$17.86
- 5
= $10.72 per MWh

Exhibit 14: Combustion Turbine Maintenance Cost Adder Example

6.6.2 Combustion Turbine Long Term Service Contract Cost Recovery

A generation owner that has a currently effective Long Term Service Contract (LTSA) with a
third party vendor to provide overhaul and maintenance work on a Combustion Turbine (CT)
may file a request for inclusion of any variable long term maintenance costs in cost based
offer bids, pursuant to the Cost and Methodology Approval Process if the following
conditions are met:

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

1 And the dollar value of each component of the variable long-term maintenance costs
is set specifically in the LTSA.
6.6.3 Equivalent service hours (ESH)
The estimated hours the unit will run based on history.
EquivalentServiceHours =
CyclicStarting Factorz Number of Starts + Total OperatingHours at anyload level

+ (CyclicPeakingFactorz Number of Hours aboveBaseload temperature limit )

Where:

Cyclic starting factor = 5.0 for aircraft - type CTs and cyclic starting factor= 10.0 for industrial
- type CTs

For example, the incremental maintenance charged to one start on an industrial - type CT is
equivalent to the incremental maintenance attributable to ten hours of base load operation.

Cyclic peaking factor = 3.0 for all CTs

This means that the additional incremental maintenance charged to the incremental energy
between base and peak loads is equivalent to the incremental maintenance attributable to
three hours of base load operation.

Note:

Units with less than seven years of history are considered immature. Such
units can be assigned either their calculated Equivalent Hourly Maintenance
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Cost, or a forecast value, subject to evaluation pursuant to the Cost and
Methodology Approval Process.

If any unit in a block is at least seven years old, then all like units on the block
may be considered mature.

6.6.4 Diesel Incremental Maintenance Adder Calculation

The incremental Maintenance Adder for diesel units will be calculated and applied on a "per
MBTU (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 combustion turbines and diesel units shall include
the following components:

1 Start 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.

1 Variable Operating and Maintenance cost (EHMC) in $/Hr divided by the
Synchronized MW provided.

1 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.

1 Margin up to $7.50 per MW of Synchronized, reserve service provided.

The combustion turbine condensing offers must be expressed in dollars per hour per MW of
Synchronized Reserve ($/MWh) and must specify the total MW of Synchronized Reserve
offered.

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 Hydro Pumped Storage
cost offers.

Hydro Units 7 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 Hydro Unit i 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 Hydro Only)

Pumping Efficiencyi s t he Pumped Hydro Unitds version of
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.

MWh GenerationProduced
MWh GenerationPumpedas Fuel

PumpingEfficiency =

For example, it requires 1,000 ft® to produce one MWh of generation as water flows from the
pond to the sink and it requires two MWh of pumping load to pump 1,000 ft* of water from
the sink to the pond. The resultant efficiency is:

MWh GenerationProduced 3.5 MWh (Generated 070
MWh Generaton PumpedasFuel 5 MWh (Pumped

PumpingEfficiency =

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.

PE can be calculated by one of three methods. An owner 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.

1 Option 1: Twelve month calendar actual Pumping Efficiency.

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

1 Option 2: Three month rolling Pumping Efficiency.
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o The previous three months rolling actual efficiency where the average monthly
availability is 50% or greater. The calculation must be updated after each month.

1 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 Performance Factors

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

7.3 Fuel Cost

To be consistent with other PIJM 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 hydro units.

If, a Unit Owner wishes to change its method of calculation of pumped storage TFRC, the
PJM Member shall notify the PIM MMU in writing by December 31 prior to the year of
operation, to be evaluated pursuant to the Cost and Methodology Approval Process before
the beginning of the cycle in which the new method is to become effective. The new cycle
starts on February 1° and continues for a period of one year

Basic Pumped Storage Fuel Cost i 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 Original
Equipment Manufacturer (OEM) curves if annual data is not available due to the immaturity
of the unit. The following equations govern pumping storage fuel cost:

PumpingPowerCost $ MWh = RealTime LMP $ MWh 2z PumpingPower (MWh)

_ PumpingPower Cost $§f MWh
B Pumping Efficiency

PumpedStorageFuel Cost $§ MWh
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7.3.1 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:

PumpedStorageHydro Total EnergyInput RelatedCost
= BasicPumpedsStorageEnergyInput Cost+ MaintenanceCost

7.4 Start Cost

See 7.7 Condensing Start Costs.

7.5 No Load

Hydro Units have do not have No Load 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 cost of labor, 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 labor materials used and expenses
incurred in the maintenance of 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.

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 include the following components:
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Hydro Coststo Condense $j MWh =

VOM

i +
CondensmgStart Costs Synchronized Reserve MW

+ Margin

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.

In addition (+) identified variable Operating and Maintenance cost in $/Hr. divided by the
Synchronized MW provided. These costs shall be totaled over the Maintenance Period and
divided by total MWh generated over the maintenance period. These variable Operating and
Maintenance costs shall include:

1 Maintenance of Electric Plant as derived from FERC Account 544
1 Maintenance of Reservoirs as derived from FERC Account 543
In addition (+) margin up to $7.50 per MW of Synchronized Reserve service provided.

Total hydro condensing offers must be expressed in dollars per hour per MW of
Synchronized Reserve ($/MWh) and must specify the total MW of Synchronized Reserve
offered.

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 Side Response (DSR)

Demand Side Management i A program designed to provide an incentive to end-use
customers or curtailment service providers to enhance the ability and opportunity for
reduction of load when PJM LMP is high.

Load Shifting T Demand Side Management programs designed to encourage consumers to
move their use of electricity from on-peak times to off-peak times, or daily movement of load
between LSEs.

Demand Side Resource i Total contributions provided by demand-side facilities and/or
actions.

8.1 Demand Side Response (DSR) Cost to Provide Synchronous
Reserves

Currently there are no cost rules for DSR cost except for the DSR margin adders. The cost
to provide synchronous reserves from DSR resources shall equal the margin up to $7.50 per
MWh of reserves provided.
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Section 9: Opportunity Cost Guidelines

Welcome to the Opportunity Cost Guidelines section of the PIJM Manual for Cost
Development Guidelines. In this section, you will find the following information:

1A description of the PJM Opportunity Cost Guidelines Policy and Definitions (see
APolicy and Definitionso).

Policy and Definitions

Cost Development Task Force Opportunity Cost Policy

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

1__ Specific business rules for Opportunity Costs have been defined in the Operating
Agreement of PJM Interconnection, L.L.C. for various products including energy and

regulation.

1___Requests for recovery of Opportunity Costs not defined in the Operating Agreement
of PJM Interconnection, L.L.C. should be submitted to the PJM MMU for approval.

Opportunity Cost Component for externally imposed run-hour
restrictions

The following methodology is approved for computing opportunity costs associated with an
externally imposed 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. Generators may follow this methodology at their option or may develop
and submit alternative methods specific to their units for approval. Requests for recovery of
opportunity costs either using other methods or not defined in the Operating Agreement of
PJM Interconnection, L.L.C. should be initially submitted to the PJM MMU for approval per
Manual 15 Section 9.

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 M-15, market participants 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.

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. Generation owners who include opportunity costs in their cost-based offers must
recalculate their opportunity cost no less frequently than once per every 7 days.
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Definitions
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 unitdés bus
PIMWHLMP=PJM Western Hub LMP

PIMWHFRP= 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=0ff-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

Frequently mitigated unit (FMU)= A unit that was offer-capped for more than a defined
proportion of its real-time run hours in the most recent 12-month period. 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 Cost
Unit Dispatch Cost= Cost of Dispatch with Start Cost Included

All inputs use prevailing width preserving decimal precision of historical record.
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STEP 1: Derive Historical Monthly LMP Basis Differential between the generation bus and
western hub
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Inputs required for STEP 1:

PlattdCE Forward Cuive r APJM west o from the recent t
Three vears of historical hourdfimeal MPs at the generation bus, and

Three years of historical hourymealPJM 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.

PlattsIl CE For ward Curve for APJM westo (PJM Western
step (http://www.platts.com/). These PJM Western Hub Forwards multiplied by a historical

basis adjustmentratiof or del i very to the generatordés bus cr
prices. The three prior calendar vearod6s historic
example, when calculating opportunity costs for July 2, 2010 for a unit with a calendar year

compliance period, use historical LMP data from July 2nd (2007,2008,2009) to December

31st (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 cost for July 2nd, 2010 with a rolling 12 month compliance

period, use historical LMP data from July 2nd (2007,2008,2009) to June 30th (2008, 2009,

2010). Begin by taking the hourly bus prices for the three prior calendar years at the
generatorbés bus, and hour ésepyi beuby tUheidert aat
PJM Western Hub. The historic hourly basis differential in hour h, day d, month m, and year

yis

BUSLMP,, 4n
PIMWHLMP,, an

HourlyBasisDifferentialRatiq, , 4, =
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Example 1.1: Three hourly basis differential ratios values for the same hour in each
of three historical years:
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BUSLMR,ne 32007 H11
PIMWHLMR ne 32007 H11

HourlyBasisDifferentialRatioyne 32007 H11 =

BUSLMRBne 32008 Hi1
PIMWHLMRne 32008 H11

HourlyBasisDifferentialRatioyne 32008 H11 =

BUSLMR e 32000 H11
PIMWHLMERne 32009 H11

HourlyBasisDifferentialRatioyne 32000 H11 =

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 differential ratio all days in the month
will be used for the average. These monthly basis differentials adjust PJM Western Hub
monthly peak and off-peak forward prices to expected peak and off-peak monthly forward
prices delivered to the generatoroés bus.

B peak hours HOurIyBasisDifferentiaIRatioé;/’?ﬁ""d’h

MonthlyPeakBasisDifferentialRati§a" = NGmber ST Peakours m month T

MonthlyOffPeakBasisDifferentialRatid, "

Boft peak hours HourIyBasisDifferentiaIRatiosj’f:n peak

Number of Off PeakHoursin month m

Bpeak Hours 2 ( Hourly BasisDifferential Ratio)'?_erﬁ_'fj_h)

Monthly PeakBasisDifferential Ratiogfﬁﬁ‘k = NUmber of PeakHours m month m

Monthly Off-PeakBasisDifferential Ratiod, Peak
_ Bof peaktours # (Hourly BasisDifferential Ratio0f, ¢ 1<)
- Number of Off PeakHoursin month m

Example 1.2: Monthly Peak Basis Differentials for the three historical periods:
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eak

MonthlyPeakBasisDifferentialRati8; . ,007
_ Bpeak hours 2 Hourly BasisDifferential Ratios June2007

- Number of peak hours in June2007

eak

MonthlyPeakBasisDifferentialRati8; ¢ »00s
_ Bpeaknours 2 Hourly BasisDifferential Ratios June2008

Number of peak hours in June2008

eak

MonthlyPeakBasisDifferentialRati8; . ,009
_ Bpeak hours 2 Hourly BasisDifferential Ratios June2009

- Number of peak hours in June2009

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.

peak _
fym —

PJMWHFRI???E) z ( MonthIyPeakBasisDifferentiaIRati@,f;k)

ForecastedvonthlyBusPrice

ForecastedVlonthly BusPricePS3%, |

= PIMWHFRESA, | 2 Monthly PeakBasisDifferential Ratiogeas

Example 1.3: Forecasted monthly bus prices for three historical periods:

ForecaStedMonthly'BusPrice\(J)uffnePZ%)al%, Base Year 2007 — PJMWHFRIISE)(Sfr ge(zalﬁll;ry June 2010 z
MonthlyOff PeakBasisDifferentialRati§ 5338

ForecastedMonthly-BusPrice 15536, sase vear 2008 = PIMWHFRERS FS8K e 2010 2
MonthlyOff PeakBasisDifferentialRati§ .52a%

ForecastedMonthly-BusPrice 12636 Base vear 2000 = PIMWHFRER SE2K - e 2010 2
MonthlyOff  PeakBasisDifferentialRati§ .,583%
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Outputs from STEP 1:
Three peak and-p#fak monthly BUS LMP forecasts for each month remaining
in the compliance period

STEP 2: Derive hourly volatility scalars to incorporate hourly volatility into the LMP forecast

Inputs for STEP 2:
Three years historical hourimealLMPs 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, for each historic month compute the average peak andoff-peak pri ce at t he
for each remaining month in the compliance period. When calculating the monthly average
bus LMP all days in the month will be used for the average.

eak
Bpeak hours  HOUrlyBusLME 0

MonthlyA Bus MPPe3k = :
onthlyAverageBuUs MR m Number of PeakHours in month m

ff peak
Boft peak hours HourIyBusLMF;f”m’d'h

MonthlyAverageBus MR Peak — i
onthlyAverageBus MR, r, Number of Off PeakHoursin month m

B peak Hours 2 (Hourly BusLMPFeak |

Number of PeakHours in month m

Monthly AverageBusLMPy gk =

Peak
B Off-Peak Hours (HourIy BUSI-Mpy,m d.h

Number of Off-PeakHours in month m

Monthly AverageBusLM py(?g-Peak -

Next, for every hour, take the hourly bus LMP divided by the relevant monthly average peak
or off-peak bus LMP computed above. If the hour is an on-peak hour, divide by the average
peak LMP for the month.
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ili eak BUSLI\/Pypﬁ]al((j o
HourIyVoIatlI|tyScaIar§m = md, _
770 MonthlyAverageBusLNPY D
Peak  _ BUSLMP 52K

Hourly Volatility Scalar,
Y Y Y™ Monthly AverageBUSLMF g2k

If the hour is off-peak, divide that hour by the monthly off-peak average price for the
corresponding month.

BUSLMPe
HourlyVolatilityScalar sy , = el
7% MonthlyAverageBusLNPY
BUSLM)off peak
HourlyVolatilityScalar)y Po* = LLLLLL R
e MonthlyAverageBusLNP) | P
Off-Peak — BUSLMF’YD'I;_S??I(

Hourly Volatility Scalar. =
y Y ymah = Monthly AverageBUS MP Jff Peak

Example 2.1: Volatility scalar for the each of the three historical years:
BUSLMP)yne 32007 H23
AverageOff PeakJune2007 BUSLMP

Hou I’|yVO|atI |tiy80a|ar3une3’2007 H23 =

BUSLMPyune 3,2008 H23
AverageOff PeakJune2008 BUSLMP

Hou I’|yVO|atI |tiy80a|ar3une3’2008 H23 =

BUSLMPyyne 32000 H23
AverageOff PeakJune2009 BUSLMP

HourlyVolatiltiyScalarynes 2009 H23 =

Output from STEP 2:
Three ratio values per hour for each of the historical years used for volatility

STEP 3: Create three sets of hourly forecasted bus values
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Inputs to STEP 3:
Output from STEP 1:p@ak/ofbeak monthly bus LMP Forecast

Output from STEP 2: Hourly volatility scalars

Step 3 creates three hourly forecasts from the volatility scalars developed in step 2 and the
monthly bus LMP forecasts developed in Step 1. Multiply the hourly volatility scalars
developed in step 2 by the corresponding peak or off-peak from the historical year
forecasted monthly bus price calculated in step 1.

The expected or forecasted LMP for hour h, day d, month m, based on year y that is a peak
hour is

eak

ForecastedBUSLI -, = HourlyVolatilityScalar?s: at

ymdh > ForecastedMonhlyBusPric

ForecastedBUSLMR} 22k
Peak Peak

= Hourly Volatility Scalary 74, 2 ForecastedMlonthly BusPrice ‘e ym

The expected or forecasted LMP for hour h, day d, month m, based on year y that is an off-
peak hour is

off peak _
ForecastedBUSLM, | 4" =

off peak

HourlyVolatilityScalary , 4

2 ForecastedMonhlyBusPrice]) P***

ForecastedBUSLMRO 62k
= Hourly Volatility Scalar 0753 z ForecastedVionthly BusPrice he

Example 3.1: Forecasted bus LMPs for one hour for each of the three historical base years:

Assume that it is April 5, 2009. To create the set of three forecasted prices for each hour of
June 3, 2009:

ForecastedBUSLMyne 32010 H23, Base Year 2007
= HourlyVolatilityScalar,ne 3 2007 H23

z ForecastedMonhlyBusPricefff Peak

ForecastedBUSLMne 32010 H23, Base Year 2008
= HOUrlyVOlatilityscalarJune 3,2008 H23

z ForecastedMonhlyBusPricel)T Peak

ForecastedBUSLMne 32010 H23, Base Year 2009
= HOUrlyVOlatilityscalarjune 3,2009 H23

z ForecastedMonhlyBusPriceiff beak
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Outputs from STEP 3:
Three hourly bus LMP forecasts for each hour remaining in the compliance period

STEP 4: Create a daily fuel volatility scalar

Inputs to STEP 4:
Three yeatsstorical delivered daily fuel prices at the generator bus ($/mmBtu)
Fuel Weights if dual fuel

Step 4 creates a daily fuel volatility scalar using historic daily delivered fuel prices

(as used to develop a unités TFRC) from
each daily bus-delivered fuel price and divide it by the monthly average bus

delivered fuel price to create a ratio for every day in the three-year history. In
calculating monthly average bus price, all days in the month will be used for the
average. For units that have dual fuels; the daily delivered fuel prices need to be
multiplied by their respective weights and then added together. Ny, is the number of
days in month m.

Units with Single Fuel Type:

DeliveredFuelPricg , 4

DailyFuelVolatilityScalay m ¢ = — - _
B, DeliveredFuelPricg m 4-n

Nim

i . DelieveredFuelPricey n 4
Daily Fuel Volatility Scalag m g =

B)", (DeliveredFuel Price, )
Nm

Units with Dual Fuel:

DailyFuelVolatilityScalay , ¢ =

predFuelPriceFuelTypedy, 4 2 WeightFuelTypeA + (DeliveredFuelPriceFuelTypeB, 4 2 WeightFuelTypeB

Nm
B, (Dg

liveredFuelPriceFuelTyped, z WeightFuelTypeA + (DeliveredFuelPriceFuelTypeB,, 2 WeightFuelTypeB

Nrm
Daily Fuel Volatility Scalary m, g
(DeliveredFuelPrice Fuel Type Ay 1, 4 2 WeightFuel Type A)
+ ( DeliveredFuel Price Fuel Type By 1, 4 2 Weight Fuel Type B)
Np, (DeliveredFuelPrice Fuel TypeAy , 2 WeightFuel Type A)

n=1 4 DeliveredFuel Price Fuel Type B 1, 2 WeightFuel Type B
Nim
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Example 4.1: Three daily fuel volatility scalars values developed for June 3 in each of three
historic years for a unit with a single fuel:

DeliveredFuelPricgyne 32007
AverageJune2007 DeliveredFuelPrice

DailyFuelVolatilityScalagne 3 2007 =

DeliveredFuelPricgne 32008
AverageJune2008 DeliveredFuelPrice

DailyFuelVolatilityScalagne 3 2008 =

DeliveredFuelPricgne 32009
AverageJune2009 DeliveredFuelPrice

DailyFuelVolatilityScalaryne 3 2000 =

If there is no fuel cost record for a given date, use the previous available value.

Output from STEPree years of historic daily scalars for fuel volatility

STEP 5: Create three daily delivered fuel forecasts

Inputs for STEP 5:

compliance period ($/mmBtu) with detladyy charge adjustment

Fuel Weights if dual fuel

Fuel contract monthly prices if applicable

Output from STEP 4: Three years historic daily scalars for fuel volatility

Step 5 takes fuel futures and/or contract prices and the daily delivered fuel scalars from step
4 and multiplies them together to create a fuel forecast that corresponds on an average
monthly basis to the fuel futures, yet maintains historical volatility. For units that have dual
fuels: the fuel forwards for the two fuels will be multiplied by their respective weights (derived
from expected use of each fuel), added together, and then multiplied by the daily fuel
volatility scalar. For units with some or all of their fuel procured by contract, the contract and
fuel forwards are multiplied by their respective weights (derived from expected use of each
fuel) and added together and then multiplied by the daily fuel volatility scalar. The current
daily delivery charge adjustment will be applied through the compliance period.

Unit with a single fuel:

PJM © 2011
| Revision 1617, Effective Date: 06/01/201104/06/2011

Platts Forward curve for Fuels from the most recent trading day, for delivery in the

64



z Manual 15: Cost Development Guidelines
Section 9: Opportunity Cost Guidelines

DailyDeliveredFuej, m 4 =

DailyFuelVariabilityScalay y, 4 2

(WeightSpot,, 2 FuelForwardy, ,, + DeliveryAdjustment + WeightContract, 2 ContractPrice;, )
Daily DeliveredFuely ,, 4 = Daily FuelVolatility Scalary y g 2

WeightSpot,, 2 FuelForward gywre yearm + Delivery Adjustment
+ WeightContract,, z ContractPrice,,

Where WeightContract,,, + WeightSpot,, = 1

Unit with dual fuel:

(Permits use of dual fuels for units that may burn multiple fuels or source fuels from different areas at
different prices. For units with restrictions on consumption of specific fuels, this method allows
accounting for both fuels in the same calculation.)

DailyDeliveredFuey, m 4

DailyFueNolatiltyMariabilityScalay p, 4

WeightFuelTypeA,

WeightContractFuelTypeA, z ContractPriceFuelTypeA,
WeightSpotFuelTypeA, z (DeliveryAdjustmentFuel TypeA
FuelForwardFuelTypeA, ) + WeightFuelTypeR,
WeightContractFuelTypeB, 2 ContractPriceFuelTypeR,
WeightSpotFuelTypeB, z (DeliveryAdjustmentFuelTypeB
FuelForwardFudTypeBy, )

N N 1

N+ o+

+ +

Where WeightFuelTypeA, + WeightFuelTypeR, = 1
Where WeightContractTypeA,, + WeightSpotTyp&\,,
Where WeightContractTypeB,,, + WeightSpotTypeR,

I
=

Example 5.1: Create three daily delivered fuel forecasts from the volatilities of three historic
years:

Unit with a single fuel:

H H ase Year 2007
DailyDeliveredFuelForecastine 3 5010, BaseYear2007

= DailyFuelVolatilityScalap,ne 3 2007 2 FuelForwardyne 2010

. . ase Year 2008
DailyDeliveredFuelForecasine 3 5016,
= DailyFuelVolatilityScalag,ne 32008 2 FuelForward;,ne 2010

PJM © 2011 65
| Revision 1617, Effective Date: 06/01/201104/06/2011



z Manual 15: Cost Development Guidelines
Section 9: Opportunity Cost Guidelines

DailyDeliveredFuelForecagfase y5&; 2009

= DailyFuelVolatilityScalas,ne 3 2000 2 FuelForward;yne 2010

Outputs from STEP 5:
Daily generatbus delivered fuel forecast

Step 6: Create generating unit(s) cost for each of the three forecasts

Inputs for STEP 6:

Expected future full load seasonaE@dmber/ OctobeXpril) heat rate for

the compliance period

Fuel Prices output from Step 5

Unit S@ CO, and NCEmission Rates (lbs/mmBtu)

(Notethat the COadder is in effect only for incurring carbon emission
charges)Futures prices for, 8Q and N@from Evolution Markets ($/ton)
modified to $/lb

Maintenance Adder, VOM and FMU as defihBd in M

In step 6, take the unit characteristics, future emission allowance prices, the three daily fuel
forecasts and create a daily unit cost for the three forecasts using the appropriate heat rate
for the forecast day. Unit costs do not include start costs, start costs will be added later in
the calculation of Unit Dispatch Cost. For each day in the three fuel forecasts, a unit
dispatch cost is calculated as follows:

. ase year
Umtcosﬁuture ymd —

i mmbtu ; ; : base year
UnitHeatRate mwh 2 DailyDeliveredFuelForecast mmbtu ¢ 3™ 4

UnitHeatRate mmbtuj mwh 2z UnitNOxXEmissionRatelbsj mmbtu z CostGNOXx $ It
UnitHeatRate mmbtuj mwh 2z UnitSGEmissionRatelbsj mmbtu z CosOfSG $ It
UnitHeatRate mmbtuj mwh 2z UnitCQEmissionRatelbsj mmbtu z CostGCG $ b

. ESEE;S?E + FMU(if applicable) z Upto 1.1 scalarfactor (if applicable)
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. mmE % Base Year

{ [Umt Heat Rate( T ) # Daily Delivered Fuel Forecast (mm )Fumﬁ ij] +

Unit Heat Rate (”‘h’;‘l_;‘:’ }* Unit NOx Emission Rate ( b ) + Cost NOx ( ) +

[ . m Btu . L

_Umt Heat Rate (mmvh } # Unit50: Emission Rate ( — } # Cost 502 (E | +

[ Btu ]

Unit Heat Rate pyroven } # UnitC0O; Emission Rate ) * Cost CO; (E +".TDM} +
N 10% Margin
either

[ FMU Adder

Example 6.1: Daily unit cost:

Unit heat rate=10.345 mmBtu/MWh

Unit NOx emission rate =0.328 lbs/mmBtu

Unit SO, emission rate=1.2 Ibs/mmBtu

Unit CO, emission rate=117 lbs/mmBtu

DailyDeliveredFuelForecast=$3.01/mmBtu
Combined NOx Allowance cost=$1375/ton
SO, Allowance cost=$200/ton

CO; emission cost = $8/ton

VOM & Maintenance Adder=$2.22/MWh
FMU= $0.00/MWh

PIJM © 2011
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ase year _
Unit Cos uture ymd =

10.345mmbtu , $3.01

mwh mmbtu
10.345mmbtu , 0.328 Ibs , $1375.00 , ton
mwh mmbtu ton 2000 Ibs
10.345 mmbtu ] 1.2 Ibs Z $200 _fton Ibs
mwh mmbtu ton 2000
10.345mmbtu , 117lbs , E , ton
mwh mmbtu ton 2000Ibs
$2.22 N $0
MWh MWh

$3114  $233  $1.24 $484  $222

U tC ase year — + + P + $roT + oo

It-0Sky md MWh MWh MWh MWh MWh
= $41.77/ MWh

(10 345mmﬂtu) ( $3.01 )]
mmbBitu

10.345 mmbitu ({].BZBIE?S) ($13?5.0G) ( fon )]
Ed Ed

mmbBtu ton 2000 [bs

|
(
('l[] 345mmbm *(1.2 Ib_f.') ($2!JCI.CI!J) ( fon )]
(

mmBtu) |\ ton ) \20001bs

10. 345mmbtu 117 lbs $6.00 fon 4+ $2.22 + 50
= # &
(mmﬂtu) ton (2000 Ibs) MWh MWh
e

_($3114) | ($2.33\ | (§1.24)  [($484)  ($2.22
- (MWh ) - (MWFL) - (MWFL) - (MWFL) - (MWh)

PJM © 2011
| Revision 4617, Effective Date: 06/01/201104/06/2011



Manual 15: Cost Development Guidelines
Section 9: Opportunity Cost Guidelines

Outputs for step 6:
Three forecasts based on historic year factors for daily generator unitcost

Step 7: Calculate the margin for every hour in the three hourly forecasts

Inputs for Step 7:
Daily Generator Unit Cost from Step 6

Hourly Generator bus LMP forecast from Step 3

All future maintenance outage information

Unitspecific minimum-time parameter restriction

Unitspecific start up costs (cold startup costs for combined cycle and combustion
turbine units and hot startup costs for steam units)

Unit economic maximum

Step 7 calculates the hourly margin the generator would receive by comparing the cost offer
developed in step 6 against the hourly forecasted bus LMPs developed in step 3. To remove
planned outages, for any future date that the unit will be offline, set the outage hours to
unavailable for all three forecasts.

For units with minimum run time restrictions, this step calculates total margins in blocks of
adjacent hours, based on the sum of the margins of each block and the minimum run time
parameter restriction of the unit. Blocks may include additional incremental hours, if these
hours are found to be more valuable than an addi

run time. Adjacent hour blocks with equal or gr e
minimum run time will be split into multiple blocks (however adjacent blocks do not use an
additional start cost). For units with start-u p c ost s, t he valumosstof the uni

divided by economic maximum will be subtracted from the total margin of each block that
contains a new start, but not from each subsequent incremental hour added to the block, in
order to correctly value hours that do not incur start costs. Calculate the total margins for all
blocks of hours in the three forecasts:

: base year _
TotalMargnBlocky .,
t=block + MinRunTime 1 se year sseyear
- block ForecastedBUSLME mtdth) UnltDlspatchCosgt mt A
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