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Introduction

Welcome to the PIJM Manual for Energy & Ancillary Services Market Operations. In this
Introduction, you will find the following information:

9 What you can expect from t h&bolRPIMMihaalso @l s i n
1 What you can expect fr éboutThsiManud®d)M Manual (se:

1 Howtousethisman ual UsmgeThis Manuald ) .

About PJM Manuals

The PJM Manuals are the instructions, rules, procedures, and guidelines established by
PJM for the operation, planning, and accounting requirements of the PJM RTO and the PJM
Energy Market. The manuals are grouped under the following categories:

¢ Transmission

1 PJM Energy Market

1 Generation and transmission interconnection

1 Reserve

1 Accounting and Billing

1 PJM administrative services

For a complete list of all PJIM Manuals, go to www.pjm.comand sel ect HAManual so
ADocument so tab.

About This Manual

The PJM Manual for Energy & Ancillary Services Market Operations is one of a series
of manuals within the PIJM Energy Market manuals. This manual focuses on the day-ahead
and hourly scheduling activities that are performed by the PIM staff and the PJM Members.
The manual describes the rules and procedures that are followed to schedule resources.

The PIJM Manual for Energy & Ancillary Services Market Operations consists of ten
sections. The sections are listed in the table of contents beginning on page ii.

PJM © 20412012 8
Revision 4849, Effective Date: 10/20/2011 01/01/2012


http://www.pjm.com/

B

Manual 11: Energy & Ancillary Services Market Operations
Introduction

Intended Audience

The intended audience of the PJM Manual for Energy & Ancillary Services Market
Operations is:

1 PJM Members - Any patrticipants requesting to purchase or sell energy to or from the
PJM Interchange Energy Market and any participant that schedules bilateral sales or
purchases.

1 PJM operations staff - The PJM operations staff processes the market information
and develops the resource schedule.

1 PJM dispatchers - The PJM dispatchers process PJM Member requests, make
hourly schedule adjustments, and post information in the OASIS.

1 Local Control Center dispatchers - The Local Control Center dispatchers submit
hourly schedule changes.

1 Local Control Center operations support staff - The Local Control Center operations
support staff support the day-ahead information requirements.

References

The References to other documents that provide background or additional detail directly
related to the PJM Manual for Energy & Ancillary Services Market Operations are:

g EES User 6s Gui de

1 PJM Manual for Transmission Operations(M-03)

1 PJM Manual for PJIM OASIS Operation (M-04)

1 PJM Manual for PIM eSchedules (M-09)

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

¢ PJM Manual for Balancing Operations (M-12)

1 PJM Manual for Operating Agreement Accounting (M-28)

1 PJM Manual for Definitions & Abbreviations (M-35)

Using This Manual

We believe that explaining concepts is just as important as presenting procedures. This

philosophy is reflected in the way we organize the material in this manual. We start each

section with an overview. Then, we present details, procedures or references to procedures

found in other PJIM manuals. The following provides an orientationtothemanu al 6 s str uct u.

PJM © 20412012 9
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What You Will Find 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 market participant actions

1 Attachments that include additional supporting documents, forms, or tables in this
PJM Manual

1 A section at the end detailing all previous revisions of the PJM Manual

9 A new introduction with the fALiI st of PJM Man!
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Section 1: Overview of Energy & Ancillary Services Market
Operations

Welcome to the Overview of Energy & Ancillary Services Market Operations of the PIJM
Manual for Energy & Ancillary Services Market Operations. In this section you will find
the following information:

1 A description of the scope Seopedk Pprposepmb se of sc
Energy & Ancillary Services Market Operation:

1 Alist of the PIM responsibilities (s e ¢?JMiResponsibilitiesd ) .

1T A |list of the market participRiMMakét schedul i n
Participant Responsibilitieso ) .

Scope & Purpose of Energy & Ancillary Services Market Operations

Operation of the PJIM RTO markets involves many activities that are performed by different
operating and technical personnel. These activities occur in parallel on a continuous basis,
24 hours a day and can be grouped into three overlapping time frames:

1 pre-scheduling operations
1 scheduling operations and the Day-ahead Energy Market

1 dispatching and the Real-time Energy Market

In the PIM Manual for Energy & Ancillary Services Market we focus mainly on the

activities that take place one day prior to the Operating Day including the activities

associated with the Day-ahead Energy Market. Exhibit 2 presents the scheduling activities in

the form of a time |ine. The reference point for
recognizing that every new day becomes an Operating Day. This timeline-type of description

is used throughout this PJM Manual.

Generation resources, regardless of fuel type, fall into one of two categories, Capacity

| Resources or Energy Resources.- If available, All Generation Capacity Resources, that have
an RPM Resource Commitment must submit offer data into the Day-ahead Market and may
elect either to Self-Schedule or offer the resource to PIM for scheduling as a PJM RTO-
Scheduled Resource. In this section we focus primarily on the PJM Day-ahead Energy
Market and the Control Area reliability-based scheduling process that takes place after the
Day-ahead Energy Market is closed. Scheduling by PIM includes the Day-ahead Energy
Market, the Control Area reliability-based scheduling process and the hourly scheduling
process. The Day-ahead Energy Market bid/offer period closes at noon on the day before
the Operating Day and the Day-ahead Market results are posted at 1600 on the day before

’ the Operating Day. -The Control Area reliability-based scheduling process occurs
throughout the day before the operating day.- Hourly scheduling occurs up to sixty minutes
prior to an hour during the Operating Day. During the scheduling process, PIM will:

PIM © 20412012 11
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Clear the Day-ahead Market and Day-ahead Scheduling Reserve Market based using
Least-cost security constrained resource commitment and dispatch that simultaneously

optimizes energy and reserves.

Determine a plan to reliably serve the hourly energy and reserve requirements of the PJM
RTO by minimizing the cost to provide additional operating reserves above what was
scheduled in the Day-ahead Market if required,

Perform hourly scheduling throughout the Operating Day as required.

Event or Deadline Time Day Event or Deadline
000
A
Initial
0200+
PIM receives Schedules
04004 ert\j‘slsloffers for energy A A
offers for regulation
0600 for next operating day
0800
1000
OASIS D-1
Posting 1200 Y
A A A
14004 Day-ahead market is closed for evaluation by PIM
AND Regulation market unavailable
- 1600 A4
A PJM posts Day-aheddVIPs & hourly schedules; Re-
Y bidding period; Regulation market opens for offers
1800 K A
EES
| 2000 PJM evaluates regulation offers
Hydro
2200 h 4 Calculator RSC
COP Initialized /
0000
A COP Effective
— 0400 )
Throughout Operating Day  Throughout Operating Day Markets
— 0800 D PJM continually re- PJM continually re- Database
200 evaluates and sends out evaluates offers and
Operating Da)l o individual generation periodically tests
16004 schedule updates, as performance
required
2000+
0000 Y A4 A4 Y
PJM Ol D+l
Produced
Load Forecast D+2
D+3
D+4
D+5
D+6 1% v
Billing

Exhibit 1: Scheduling Timeline
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PJM Members submit their bids according to either actual cost or offer price as designated
by the Operating Agreement of PJM Interconnection, L.L.C. for each generation resource.

In this manual, Locational Marginal Price (LMP) is defined as the marginal price for energy

at the location where the energy is delivered or received.- For accounting purposes, LMP is

expressed in dollars per megawatt-hour ($/MWh). In performing this LMP calculation, the

cost of serving an increment of load at each bus from each resource associated with an

eligible energy offer is calculated as the sum of the following three components of Locational

Marginal Price: System Energy Price, Congestion Price, and Loss Price. In this manual,

unl ess ot herwise EMPOIi fiiltd¢atihenalerrbfatofne nal Pric
total LMP value including all three components. For information on the concept of

Locational Marginal Prices, please refer to Section 2 of this manual.

1.1 PIJM Responsibilities

In the Day-ahead Market, PJM determines the least-price means (minimizing production
cost in terms of bid prices submitted) of satisfying the Demand bids, Decrement bids,
operating reserves and other ancillary services requirements of the market buyers, including
the reliability requirements of the PJM RTO. In addition to the Day-ahead Market
scheduling process, PIM will also schedules resources to:

1 Satisfy the reserve requirements of the PJM RTO by minimizing the cost to provide
additional operating reserves above what was scheduled in the Day-ahead Market if
required,

1 Provide other ancillary services requirements of the market buyers,

7 Satisfy all other reliability requirements o
responsibilities to support scheduling activities for all PJM Members include:

Develop the Day-ahead Market financial schedules based upon participant-supplied bids,
offers and bilateral transaction schedules using least-cost security constrained resource
commitment and dispatch analysis.

Post the following information after the Day-ahead Market clears at 4:00 p.m.:
1 Schedules for Next Day by participant (generation & demand),
¢ Transaction Schedules,
1 Day-ahead LMPs, Day-ahead Congestion Prices, & Day-ahead Loss Prices
1 Day-ahead Binding Transmission Constraints,
1 Day-ahead Net Tie Schedules,
1 Day-ahead Reactive 500 kV Interface Indicator Limits,
1 PJM Load Forecast,

1 Aggregate Demand Bids

PJM © 20412012 13
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1 PJM Day-ahead Scheduling Reserve (Operating Reserve) Objective.

Perform scheduling for the PJM Forecasted load and reserves not covered by the Day-
ahead demand bids, Self-Scheduled Resources or Bilateral Transactions, including
scheduling generation to relieve expected transmission constraints

Perform analysis to clear the Regulation Market and Synchronized Reserve Markets
simultaneously and post the Regulation Marginal Clearing Price (RMCP) and Synchronized
Reserve Marginal Clearing Price (SRMCP) on an hourly basis no later than 30 minutes prior
to the start of the operating hour.

Maintain data and information which is related to generation facilities in the PIJM RTO, as
may be necessary to conduct the scheduling and dispatch of the PIJM Interchange Energy
Market and PJM RTO

Post the updated forecast of PJIM Load and of the location and duration of any expected
transmission congestion between areas in the PJM RTO

Revise schedule of resources to reflect updated projections of load, changing Bulk Electric
System conditions, availability of and constraints of limited energy and other resources

1.2 PIJM Market Participants Responsibilities

Only PIJM Members are eligible to submit offers and purchase energy or related services in
the Day-ahead Energy Market and in the Real-time Energy Market. PJIM Members include
Market Buyers and Market Sellers.

1.2.1 Market Buyers
There are two general types of Market Buyers:

1 Metered Market Buyer i A Metered Market Buyer is a buyer that is purchasing
energy from the PJM Interchange Energy Market for consumption by end-users
inside the PJM RTO. A Metered Market Buyer may be further classified as a
Generation Market Buyer. A Generation Market Buyer is a Metered Market Buyer
that owns or has contractual rights to the output of generation resources that are
capable of serving the Mar ket Buye+swefated | oad
services in the PJM Interchange Energy Market or elsewhere. By definition, all
Market Buyers become Market Sellers upon approval of their applications.

1 The scheduling responsibilities of a Metered Market Buyer are to:
o Submit forecasts of customer loads for the next Operating Day
o Submit economic load management agreements to PJM
o Submit hourly schedules for Self-Scheduled Resource increments

o Submit a forecast of the availability of each Generation Capacity Resource for
the next seven days

PJM © 20412012 14
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o Submit Offer Data for Generation Capacity Resources for supply of energy to the
PJM Day-ahead Energy Market for the next day whether Self-Scheduled or PIJM
scheduled

o Submit Bilateral Transactions for delivery within the PIJM RTO, regardless of
whether the generation is located inside or outside the PIM RTO

o Submit optional Offer Data to supply Regulation Services in the PJM Regulation
Market.

o Submit optional Offer Data to supply Synchronized Reserve Services in the
Synchronized Reserve Market.

1 Unmetered Market Buyer i An Unmetered Market Buyer is a Market Buyer that is
making purchases of energy from the PJM Interchange Energy Market for
consumption by metered end-users or end-users that are located outside the PIM
RTO.

The scheduling responsibilities of an Unmetered Market Buyer are to:

a. Submit optional requests to purchase specified amounts of energy for
each hour of the Operating Day during which it intends to purchase
from the PIJM Day-ahead Energy Market, along with Dispatch Rates
(i.e. price-sensitive Demand Bids) above which it does not desire to
purchase, if desired

b. Purchase transmission capacity reservation in order to receive
generation from PJM Interchange Energy Market if the energy is being
delivered to end-users that are located outside the PJM RTO

1.2.2 Market Sellers

A Market Seller is a PIM Member that demonstrates to PIJM that it meets the standards for
the issuance of an order mandating the provision of transmission service under Section 211
of the Federal Power Act, submits an application to the PJM, and is approved by the Market
Administrative Committee (see the PJM Manual for Administrative Services for Operating
Agreement of PJM Interconnection, L.L.C. (M-33)).

The scheduling responsibilities of a market seller include:

1 submit schedules for bilateral sales to entities outside the PIM RTO from within the
PJM RTO

1 submit optional offers for the supply of energy, capacity, and other services from
Energy Resources into the Day-ahead Energy Market or the Real-time Energy
Market for the next operating day only
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1.2.3 Load Serving Entities

A Load Serving Entity (LSE) is any entity that has been granted authority or has an
obligation pursuant to state or local law, regulation, or franchise to sell electric energy to
end-users that are located within the PJM RTO. An LSE may be a Market Buyer or a
Market Seller, as described above.

Manual 11: Energy & Ancillary Services Market Operations
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1.2.4 Curtailment Service Providers

A Curtailment Service Provider is a Member or Special Member, which acting on behalf of
itself or one or more other Members or non-Members, participates in the PIJM Interchange
Energy Market by causing a reduction in demand.

PJM © 20412012 16
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Section 2: Overview of the PJM Energy Markets

Welcome to the Overview of the PIJM Energy Markets section of the PIM Manual for
Energy & Ancillary Services Market Operations. In this section you will find the following
information:

1 Anoverview descriptionofthe PJ M Ener gy GhemwiéweotPIM Ensrgye
Marketso ) .

i

1 AlstofthePIMTwo-Set t | ement Mar ket BlMsEnengg lEasketRul e s

Business Ruleso ) .

2.1 Overview of PJM Energy Markets

The PJM Energy Markets consists of two markets, a Day-ahead market and a Real-time
balancing market. The Day-ahead Market is a forward market in which hourly clearing prices
are calculated for each hour of the next operating day based on generation offers, demand
bids, Increment offers, Decrement bids and bilateral transaction schedules submitted into
the Day-ahead Market. The balancing market is the real-time energy market in which the
clearing prices are calculated every five minutes based on the actual system operations
security-constrained economic dispatch. Separate accounting settlements are performed for
each market, the Day-ahead Market settlement is based on scheduled hourly quantities and
on day-ahead hourly prices, the balancing settlement is based on actual hourly (integrated)
guantity deviations from day-ahead scheduled quantities and on real-time prices integrated
over the hour. The day-ahead price calculations and the balancing (real-time) price
calculations are based on the concept of Locational Marginal Pricing.

The Day-ahead Market enables participants to purchase and sell energy at binding Day-
ahead Locational Marginal Prices (LMPs). The components of Day-ahead hourly LMPs are
the Day-ahead System Energy Price, Day-ahead Congestion Price, and the Day-ahead
Loss Price. It also allows transmission customers to schedule bilateral transactions at
binding Day-ahead congestion charges based on the differences in the Congestion Prices
between the transaction source and sink. Load Serving Entities (LSEs) may submit hourly
demand schedules, including any price sensitive demand, for the amount of demand that
they wish to lock-in at Day-ahead prices. Any generator that is a PJM generation capacity
resource that has an RPM Resource Commitment must submit a bid schedule into the Day-
ahead Market even if it is self-scheduled or unavailable due to outage. Other generators
have the option to bid into the Day-ahead Market. Transmission customers may submit
fixed, dispatchable or O6up tod congesti-on
ahead Market and may specify whether they are willing to pay congestion charges or wish to
be curtailed if congestion occurs in the Real-time Market. Curtailment Service Providers
(CSPs) may submit demand reduction bids. All spot purchases and sales in the Day-ahead
Market are settled at the Day-ahead prices. Congestion that results from the Day-ahead
sales and purchases of energy is settled at the Day-ahead Congestion Price component of
LMP. Transmission losses that result from the Day-ahead sales and purchases of energy
are settled at the Day-ahead Loss Price component of LMP. After the daily quote period
closes, PJM will calculate the Day-ahead schedule based on the bids, offers and schedules
submitted, using the scheduling programs described in Section 2 of this manual, based on
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least-cost, security constrained resource commitment and dispatch for each hour of the next
operating day. The Day-ahead scheduling process will incorporate PIM reliability
requirements and reserve obligations into the analysis. The resulting Day-ahead hourly
schedules and Day-ahead LMPs represent binding financial commitments to the market
participants. Financial Transmission Rights (FTRs) are accounted for at the Day-ahead
Congestion Price component of LMP values (see the PJM Manual for Financial
Transmission Rights (M-06)).

The Real-time Energy Market is based on actual real-time operations. Generators that are
PJM capacity resources and Demand Resources that are available but not selected in the
day-ahead scheduling may alter their bids for use in the Real-time Energy Market during the
Generation Rebidding Period from 4:00 PM to 6:00 PM (otherwise the original bids remain in
effect for the balancing market). Real-time LMPs are calculated based on actual system
operating conditions as described by the PJM state estimator. LSEs will pay the Real-time
LMPs for any demand that exceeds their Day-ahead scheduled quantities (and will receive
revenue for demand deviations below their scheduled quantities). In the energy market,
generators are paid the Real-time LMPs for any generation that exceeds their day-ahead
scheduled quantities (and will pay for generation deviations below their scheduled
guantities). Transmission customers pay congestion charges based on the real-time
Congestion Price component of LMPs for bilateral transaction quantity deviations from Day-
ahead schedules. CSPs may self schedule demand reductions for Demand Resources not
dispatched in real-time by PJM. All spot purchases and sales in the balancing market are
settled at the real-time LMPs. Congestion that results from the Real-time sales and
purchased of energy is settled at the Real-time Congestion Price component of LMP.
Transmission losses that result from the Real-time sales and purchased of energy are
settled at the Real-time Loss Price component of LMP.

2.2 Definition of Locational Marginal Price

Locational Marginal Price (LMP) is defined as the marginal price for energy at the location
where the energy is delivered or received. For accounting purposes, LMP is expressed in
dollars per megawatt-hour ($/MWh). LMP is a pricing approach that addresses Transmission
System congestion and loss costs, as well as energy costs. Therefore, each spot market
energy customer pays an energy price that includes the full marginal cost of delivering an
increment of energy to the purchaserds | ocation.

1 When there is transmission congestion in PJM, the PJM dispatcher dispatches one
or more of the generating units out of economic merit order to keep transmission
flows within limits. There may be many resources that are dispatched to relieve the
congestion. The LMP reflects the cost of redispatch for out-of-merit resources and
cost of delivering energy to that location.

1 LMPs are calculated at all injections, withdrawals, EHVs (nominal voltage of 500 KV
and above), Interfaces, and various aggregations of these points.

1 LMPS are calculated in both the Real-time Energy Market and Day-ahead Energy
Market.
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1 The LMP calculation calculates the full marginal cost of serving an increment of load
at each bus from each resource associated with an eligible energy offer as the sum
of three separate components of LMP. In performing this LMP calculation, the cost
of serving an increment of load at each bus from each resource associated with an
eligible energy offer is calculated as the sum of the following three components of
Locational Marginal Price:

1 System Energy Price - is the price at which the Market Seller has offered to supply
an additional increment of energy from a generation resource or decrease an
increment of energy being consumed by a Demand Resource.

1 Congestion Price - is the effect on transmission congestion costs (whether
positive or negative) associated with increasing the output of a generation resource
or decreasing the consumption by a Demand Resource, based on the effect of
increased generation from or consumption by the resource on transmission line
loadings.

1 Loss Price - is the effect on transmission loss costs (whether positive or negative)
associated with increasing the output of a generation resource or decreasing the
consumption by a Demand Resource, based on the effect of increased generation
from or consumption by the resource on transmission losses.

1 The energy offer or offers that can serve an increment of load at a bus at the lowest
cost, calculated in this manner, shall determine the Locational Marginal Price at that
bus.

2.3 Energy Market Business Rules

2.3.1 Bidding & Operations Time Line:

The day-ahead scheduling/bidding timeline for PIM energy markets consists of the following
time frames:

1 12000 Day-ahead Market bid period closes. All bids must be submitted to PIM. At
1200 PJM begins to run the day-ahead market clearing software to determine the
hourly commitment schedules and the LMPs for the Day-ahead Market. This is the
first resource commitment run, which determines the resource commitment profile
that satisfies the fixed demand, cleared price-sensitive demand bids, cleared
demand reduction bids, and PJM Day-ahead Scheduling Reserve (Operating
Reserve) objectives, while minimizing the total production cost (subject to certain
limitations) for energy and reserves. This commitment analysis also includes
external bilateral transaction schedules and external resource offers into the PIJM
Day-ahead Market.

1 1600 6 PJM posts the day-ahead hourly schedules and LMPs in the eMKT System,
based on the first resource commitment. PJM also makes these results available in
downloadable files, via the eMKT System, or a dedicated communication link.
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7 1600 - 1800 6 PJM opens the balancing market offer period. During this time,
market participants can submit revised offers for resources not selected in the first
commitment. However if the market participant self-scheduled their unit in the Day-
ahead Market, they cannot change the unit status to economic in the rebid period.
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7 1800 6 The balancing market offer period closes. PJM performs a second resource
commitment, which includes the updated offers, updated resource availability
information, and updated PJM load forecast information and load forecast deviation.
The focus of this commitment is reliability and the objective is to minimize start-up
and no load costs for any additional resources that are committed.

¢ 1800 - Operating Day 8 PJM may perform additional resource commitment runs,
as necessary, based on updated PJM load forecasts and updated resource
availability information. PJM sends out individual generation schedules updates to
specific generation owners only, as required.

2.3.2 Market Buyers

The following business rules apply to Market Buyers:

1 Each Market Participant's profile (which is defined by PJM) shall specify the
transmission zones or buses for which that participant is eligible to submit demand
bids.

1 Market Buyers may submit hourly demand quantities for which it commits to
purchase energy at day-ahead prices for consumption in the next Operating Day.
Quantity bids must specify MW quantity and location (transmission zone, aggregate,
or single bus).

1 Demand bids are assumed to exclude losses (transmission zone losses and share of
500 kV losses).

1 Price sensitive demand bids shall specify MW guantity, location (transmission zone,
aggregate, or single bus), and the price at which the demand shall be curtailed.

1 Price sensitive demand bids are accepted in single bid blocks only. Up to nine bid
blocks may be submitted per market participant at a specific location.

1 If a Market Buyer submits no day-ahead bid information, then a zero MW quantity is
assumed.

1 For the Day-ahead Market, the Electric Distribution Company (EDC) shall specify the
transmission zone, bus distributions, and aggregate bus distributions as a daily
distribution. The default distribution for a transmission zone for the Day-ahead
Market is the state estimator distribution for that zone at 8:00 a.m. one week prior to
the Operating Day (i.e. if next Operating Day is Monday, the default distribution is
from 8:00 a.m. on Monday of the previous week).
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The EDC may update the default distribution factors only after the state estimator
populates the default.

EDCs shall submit a forecast of demand within their transmission zone. This is for
reliability purposes only (and does not, therefore, require a binding bid).

A Market Buyer that is not an LSE or purchasing on behalf of an LSE is not required
to purchase transmission service for purchases from the PJM Market to cover
deviation from its sales in a day-ahead market.

The list of transmission zones, aggregates, and single buses at which demand bids
are accepted is defined by PIM.

Market Buyers may submit increment offers or decrement bids at any hub,
transmission zone, aggregate, single bus or eligible external interface point (posted
on the PJM Web site) for which an LMP is calculated. It is not required that physical
generation or load exists at the location that is specified in the increment offer or
decrement bid.

Price-sensitive demand bids, increment offers, and decrement bids must be
consistent with the $1000/MWh price cap.

2.3.3 Market Sellers

The following business rules apply to Market Sellers:

1

1

Self-scheduled generation shall submit an hourly MW schedule.

Generators that are Capacity Resources shall submit offers into the Day-ahead
Market, even if they are unavailable due to forced, planned, or maintenance outages.

Generators that are Capacity Resources and are self-scheduling shall submit offer
data in the event that they are called upon during emergency procedures.

Generation Capacity Resources shall submit a schedule of availability for the next
seven days and may submit non-binding offer prices for the days beyond the next
Operating Day.

The set of offer data last submitted for each Generation Capacity Resource shall
remain in effect for each day until specifically superseded by subsequent offers.

If a Generation Capacity Resource is not scheduled in the Day-ahead Market, it may
revise its offer and submit into the real-time market or it may self-schedule the
resource.

Generation Capacity Resources that have natification, startup, and minimum run
times that exceed 24 hours must submit binding offer prices for the next seven days.
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1 Each Generation Capacity Resource must make available at least one cost-based
schedule and if it falls within the types of generators in the PIJIM Unit Parameter
matrix it must also submit a Price Based Parameter Limited Schedule.

1 Generation offers may consist of startup, no-load, and incremental energy offer. A
generation offer may not exceed $1000/MWh.

1 Energy resources may offer into the Day-ahead Market or Real-time Market.

1 If an Energy resource does not submit offer data, then the offer is assumed to be a
zero MW quantity.

1 Intermittent Generation Resources, that are Capacity Resources, shall meet the
must offer requirement by either self-scheduling (Availability = Must Run) or may
allow the Day-ahead Market to schedule by offering the unit as an dispatchable
resource (Availability = Economic) .

1 The hourly Day-ahead self-scheduled values for intermittent resources may vary
hour to hour from the capacity obligation value,

1 Two single price-based schedules may be offered into the Day-ahead Market. One
schedule must be a price based parameter limited schedule. The price-based
parameter-l i mi t ed schedul e may be unavailable, an:i
must be set t obafey pasmmeter limited schpedule wik be committed
during Maximum Generation Emergency if it is unavailable in the Day Ahead Market
and the Ause max geno flag is set to fiyeso.
based schedule that is not parameter limited. One of these two price schedules must
be available in the Day Ahead Market. In addition to the price-based schedule, one
cost-based schedule shall be made available for PIM's use in the event that the
resource is used to control a transmission constraint. The cost based schedule shall
be parameter-limited.

1 A generator offer that is accepted for the Day-ahead Market automatically carries
over into the balancing market.

1 Only a single price-based offer may be submitted into the balancing market.

1 A generator offer for a generating unit with combined cycle capability shall make
available either the schedule for the CTs or the schedule for the combined cycle unit,
not both.

1 Only CTs may submit weather curves, which specify MW limits for CTs as a function
of temperature.

1 Forecast points shall consist of a daytime temperature and a nighttime temperature.

1 There are separate weather curves for economic MW and for emergency MW.
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1 Each CT is assigned to a weather point, which is entered by the Operating
Company. As generating units change ownership it may be necessary to add
weather points. The default for the weather points is the PIJM temperature forecast.

1 The priority of generator offer operating limits are as follows: (1) Unit Hourly MW
limits (eMKT Unit Hourly Updates), (2) Daily Unit Schedule Limits (eMKT Schedule
Detail), (3) Unit limits (eMKT Unit Detail). Daily unit schedule MW limits can be
overridden by unit hourly MW limits. Weather curves for CTs apply to both unit limits
and schedule limits.

1 Market Sellers may submit increment offers or decrement bids at any hub,
transmission zone, aggregate, single bus or eligible external interface point (posted
on the PJM Web site) for which an LMP is calculated. It is not required that physical
generation or load exists at the location that is specified in the increment offer or
decrement bid.

1 A price-based unit has the option to choose cost-based start-up and no-load fees. A
price-based unit that chooses the cost based option may change the start-up and no-
load fees daily. -A priced-based unit that chooses the price based option will continue
to be able to change the start-up and no-load fees twice a year.

1 The choice between using cost-based and price-based startup and no-load fees can
be made twice a year during the same open enrollment window (on or before 1200
hours March 31 for the period April 1 through September 30 and on or before 1200
hours September 30 for the period October 1 through March 31). Period 1 is defined
as the period of time beginning April 1 and ending September 30. Period 2 is defined
as the period of time beginning October 1 and ending March 31. If a priced based
unit chooses the cost-based start-up and no-load fees option, the decision cannot be
changed untilit the next open enrollment period takes place.

1 When a unit or part of a unit is designated as Maximum Emergency (ME), this means
that the referenced output levels may require extraordinary procedures and that the
designated MW is available to PIJM only when PJM requests Maximum Emergency
Generation. Designation of a unit or a portion of a unit as ME should be based on
the real operating characteristics of the unit and not be used to withhold all or a
portion of the capacity of a unit from the Day-ahead Market.

Designation of al lacitpas Maximum Emergency (ME)rconstidites ¢ a p
withholding in the Day-ahead Market, if:
1 The capacity is not designated as ME in the bid for the Real-time Market, or;

1 There is no physical reason to designate the unit as ME.

The consequence of withholdingaunit 6 s capacity under ME i s:

1 The unit will be given an outage ticket which reflects a de-rating equal to the positive
difference in capacity designated Maximum Emergency in the bid for the Day-ahead
Market and capacity designated Maximum Emergency in the bid for the Real-time
Market.
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1 A unit bid includes an Economic Maximum point, which is the highest output on its
bid curve that the unit is offering for economic dispatch. The Economic Max
represents the highest unrestricted level of MW that the operating company will
operate the unit, under its offer, for economic dispatch. The Economic Max point
should be based on the actual capability of the unit to operate on its bid curve and
should not be used to withhold a portion of the capacity of a unit from the Day-ahead
Market.

Reduction of Economic Max MW constitutes withholding in the Day-ahead Energy Market, if:
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1 The Economic Max MW is higher in the bid for the Real-time Energy Market than in
the bid for the Day-ahead Market, or;

1 There is no physical reason to designate a lower Economic Max in the bid for the
Day-ahead Market bid than in the bid for the Real-time Market.

1 The consequence of withholding a unités capa
is:

o The unit will be given an outage ticket which reflects a derating equal to the
positive difference in Economic Max output designated in the bid for the Real-
time Market and in the bid for the Day-ahead Market.

o Generating units that are connected to the system at the same electrical location
may be aggregated and offered into the PIM market as a single unit.

1 The aggregated unit must be offered into the PJIM markets as a single unit with only
one set of offer data, including startup, no load and incremental energy. This rule
applies to all energy and ancillary service markets into which the unit is offered.

1 Hourly integrated, revenue quality meter data must be submitted to eMeter on the
basis of the aggregated unit.

1 Real-time meter data is required for each physical unit in order to support the PIJIM
state estimator model and to allow energy settlement on an individual unit level.

1 Balancing Operating Reserve deviations for aggregated units will be calculated
based on the hourly aggregated unit output as defined in PJM Manual 28:
Operating Agreement Accounting, Section Operating Reserve Accounting.

9 Balancing Operating Reserve Generator deviat!
foll owing dispatcho that occur at a single b
9 A Asingle buso will be any uni bheidedicalat ed at t

electrical impacts on the transmission system. Units are deemed to have identical
electrical impacts on the transmission system if they meet the following criteria:

1 Units that have identical dfax to the system

1 Units that are on the same low side of the bus (i.e. connected at same voltage level)
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In the case of units on busses with bus-tie breaker, if bus-tie breaker was open less
than 5% of the hours in the previous 3 years, supplier netting of units will be allowed
across this bus-tie breaker.

PJM will maintain a list of units that are deemed to have identical electrical impacts
on the transmission system to be used for Balancing Operating Settlement. PJM will
review the list on an annual basis. Generators will be reviewed as needed during any
new generation activation or reconfiguration process as defined in Section 7 of PJM
Manual 14d: Generator Operational Requirements.

Unit parameters do not have to be identical
another.

If multiple unitsaredee med fAnot foll owing dispatcho at a
MW and direction of each unit at that bus will be summed to determine the deviation

MW at that bus.

Units at a Asingle busd must be owned or mar |
Unit modeling changes in the PIM eMKT system (unit type, aggregation level, for

example), not including changes based on physical changes at the plant, can be

made at the beginning of each quarter.

CTéds are permitted to provide asicaEconomic Mi|
economic minimum value of the unit. Per the PIM Manual for Operating

Agreement Accounting,f or settl ement purposes, PJM det e
hourly UDS LMP Desired MWh based on its dispatch rate, offer data, and minimum

and maximum energy limits for that hour. For steam units, the lesser of the day-

ahead scheduled and real-time economic minimum limits, and the greater of the day-

ahead scheduled andreal-t i me economi c maxi mum | i mits, ar

operating at PJM direction, the actual real-time output is used as the UDS LMP
Desired MWh value.

2.3.4 Minimum Generator Operating Parameters i Parameter Limited
Schedules

Below is the list of business rules to require units to submit schedules that meet minimum
accepted parameters.

1

Pre-determined limits on non-price offer parameters for all generation resources will
define | imits on ¢ epriecroffet paranmetens endeo therfotlosvimgd
circumstances:

If the three pivotal supplier test for the operating reserve market defined by
transmission constraint(s) is failed, generation resources will be committed on their
Parameter-Limited Schedule, as defined below.

The Parameter-Limited Schedule that is utilized shall be the less limiting of the
defined Parameter-Limited Schedules or the submitted offer parameters.
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1 Inthe event that the Office of the Interconnection: (i) declares a Maximum
Generation Emergency; (ii) issues an alert that a Maximum Generation Emergency
may be declared (AMaxi mum Gener at iswumts Emer gen.
based on the anticipation of a Maximum Generation Emergency or a Maximum
Generation Emergency Alert for all or any part of such Operating Day, generation
resources will be committed on their Parameter-Limited Schedule.

1 On an annual basis, PIM will define a list of minimum acceptable operating
parameters, based on an analysis of historically submitted offers, for each unit class
for the following parameters™:

o Turn Down Ratio

o  Minimum Down Time
o Minimum Run Time

o Maximum Daily Starts

o Maximum Weekly Starts

1 The following parameters? will be reviewed on an ongoing basis, via a stakeholder
process, and may, at some future date, define limitations for:

o Hot Start Notification Time
o Warm Start Notification Time
o Cold Start Notification Time

1 The operating parameters for each unit class must meet the historically based
criteria listed in the rules below. The operating parameter limits will remain in place
unless an exception is filed and approved (see rules below).

1 Turn Down Ratio is defined as the ratio of economic maximum MW to economic
minimum MW.

1 The minimum acceptable Turn Down Ratio applicable to an individual unit will be the
greater of:

a) The difference between the minimum of the economic minima and the maximum
of the economic maxima submitted over the prior 24 months, or

b) 90 percent of the PIM-defined unit class Turn Down Ratio.

1As defined in the PJIM Manuals and Markets Database Dictionary.
2As defined in the PIJM Manuals and Markets Database Dictionary.
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1 If the resulting unit Turn Down Ratio is less than 90 percent of the PIM-defined unit
class Turn Down Ratio, then the unitds Turn
percent of PIM-defined unit class Turn Down Ratio.

1 For CTs, the Turn Down Ratio will assumed to be 1.0.

1 The submitted Minimum Run Time may not exceed the defined Minimum Run Time
for the PIM-defined unit class.

¢ The initial Minimum Down Time for each unit is based on the minimum of the
Minimum Down Times submitted over the prior 24 months, if the resultant minimum
down time is less than or equal to 110 percent of the PIM-defined unit class
Minimum Down Time.

1 If Minimum Down Time submitted for a unit is more than 110 percent of the PIJM-
defined unit class Mini mum Down Ti me, then t
set equal to 110 percent of the PIM-defined unit class Minimum Down Time.

1 The initial Maximum Starts per Week for a unit will be based on the posted level for
the PJM-defined unit class.

1 If the Maximum Starts Per Week submitted for a unit is less than the PIM-defined
unit class maximum starts per week, then the
be set equal to the PIM-defined unit class posted Maximum Starts per Week.

1 The Maximum Starts Per day will be based on the PIJM-defined unit class for non-CT
units. For CT units, the minimum value of maximum starts per day will be 2.

1 If the number of Maximum Daily Starts submitted by a unit is less than the PIM-
defined unit class Starts per Day for a non-CT unit, or less than 2 for a CT, then the
uni tdés Maxi mum Starts per DBRlefipedwiitdlass be set eq
Maximum Starts per Day for a non-CT unit and 2 for a CT.

1 Generation resources will be required to submit an additional price schedule
specifying the u-pricapéarameteriireitd. @Hisisaheddle will ben
identified as the unitds fApar abaseder | i mited?o
schedule(s) to be used when the unit is offer-capped for transmission will also need
to include the same parameters as the Parameter-Limited Schedule.

1 The Market Monitoring Unit shall review the Parameter Limited Schedule Matrix ,
included in Section 6.6(c) of Schedule 1 of the Operating Agreement, twice
yearly, and, in the event it determines that revision is appropriate, shall provide a
revised matrix to the Office of the Interconnection by no later than December 31 and
June 30, respectively, prior to the bi-annual enrollment periods for the submission of
start-up and no-load costs. Period 1 is defined as the period of time beginning April
1 and ending September 30. Period 2 will be defined as the period of time beginning
October 1 and ending March 31. Pursuant to section 11.B of Attachment M i
Appendix of the Tariff, exception requests for Period 1 must be received by the
Market Monitoring Unit by no later than February 28, and exception requests for
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Period 2 must be received by the Market Monitoring Unit by no later than August 31
prior to each period, all generation suppliers that wish to submit a Parameter-Limited
Schedule for units with physical operational limitations that prevent the units from
meeting the minimum parameters may submit a request for a new exception via
eMKT for evaluation. Each generation supplier must supply the required historical
unit operating data in support of the exception and if the exception requested is
based on new physical operational limits for the resource for which historical
operating data is unavailable, the generation resource may also submit technical
information about the physical operational limits for period exceptions of the
resource to support the requested parameters.

1 Physical operational limitations for period exceptions may include but are not limited
to, metallurgical restrictions due to age and long term degradation; physical design
modifications; operating permit limitations; operating limits imposed by federal, state
or local regulatory requirements or insurance carrier requirements; consent decrees;
manufacturer technical bulletins; or environmental permit limitations under non-
emergency conditions. Each generation supplier requesting an exception based on
new physical operational limitations for a unit may submit the technical information,
required due to the unavailability of historical operating data, supporting the
requested parameters, which must be based on the definition of physical operational
limitations for period exceptions of the unit. PJM and the MMU will review the
operations of the unit after each of the first three full years of operation to verify the
requested parameters. The exception will not be accepted thereafter if not supported
by the operating data.

1 Each requested exception will indicate the expected duration of the requested
exception including the date on which the requested exception period will end. If
physical conditions at the unit change such that the exception is no longer required,
the generation supplier is obligated to inform PJM and the exception will be reviewed
to determine if the exception continues to be appropriate.

1 PJM and the MMU review the exception and provide the generation supplier with a
decision within ten (10) business days. Should PJM require additional technical
expertise in order to evaluate the exception request, PJM will engage the services of
a consultant with the required expertise. All Parameter-Limited Schedules must be
submitted in eMKT seven days prior to the beginning of period 1 and period 2,
defined as April 1 and October 1, respectively.

1 On adaily basis, each generation supplier may submit notification to PJM that
changed physical operational limitations at the unit require a temporary exception to
the unitdés parameters. Each generation suppl
operating data in support of the exception.

1 The process and timeline for submitting a daily exception is as follows:

o By 10 a.m. prior to the close of DAM

o Initial Deadline to request a parameter exception that will begin the next
operating day
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o PLS Schedules (both Price & Cost) will be revised in eMKT to change the
parameter limit for the next operating day

o Daily Exception Requests should be submitted via eMKT
o By 4 p.m. prior to operating day (close of the DAM)

1 PJM must receive a complete exception request that includes:
o Unit Name
o Parameter Limit Requested
o Reason for Daily Exception Request
o eDart ticket

o Justification for Daily Exception Request, including required unit operating data in
support of the exception

o Date on which the exception period will end. Exceptions granted may not
continue past the beginning of the next period.

1 If PIM does not receive a complete exception request, and the unit did not clear in
the DAM, the unit schedule will returned to its previous parameter limits.

1 Physical operational limitations for daily exceptions may include, but are not limited
to, short term equipment failures, short term fuel quality problems such as excessive
moisture in coal fired units, or environmental permit limitations under non-emergency
conditions.

1 In addition, physical operational limitations for daily exceptions may include any
physical operational limitation for period exceptions that arises during the six month
period to which period exceptions apply. For steam units, regardless of fuel type, the
average historical values for any of the parameters as offered by the owners for the
calendar year 2006 may be used in place of the values in the matrix.

1 For steam units, regardless of fuel type, the historical average is calculated from the
market based offers for market based units and from cost-based offers for units that
made only cost-based offers.

1 For combined cycle units:
o If the 2006 average historical market-based offer parameters are within the limits

in the parameter matrix, the unit will be limited to that 2006 historical average. If
not then ii) applies;
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o If the unit was offered with market-based offer parameters for 10% or more of the
days (36 days minimum) at a level at or more flexible than parameters in matrix,
the unit will be limited at that level. If not the iii) applies

o If the 2006 average historical market based offer parameters exceed the limits in
the matrix (less flexible than the parameters in the matrix) then the unit will be
limited to the level at which the market-based parameter was bid to the most
flexible level for 10% or more of the days (36 days minimum) at that level.

Each generation supplier will provide a date on which the exception period will end.
Exceptions granted pursuant to Business Rule #27 may not continue past the
beginning of the next period. Such exceptions will be accepted, but will be subject to
after-the-fact review by PJM, and the MMU provided that the after-the-fact review
shall be limited to the continuation of the exception. If physical conditions at the unit
change such that the exception is no longer required, the generation supplier is
obligated to inform PJM and the exception will be terminated.

If an exception request is denied by PJM in part or in full, the generation supplier
may choose to dispute the decision via the Dispute Resolution Process as defined in
the PJM Operating Agreement. While under dispute, the generation supplier will be
required to submit parameter-limited schedules for the period as determined during
the exception process.

Generation suppliers may indicate to PJM those units with the ability to operate on
multiple fuels. Multiple-fuel units may submit a parameter-limited schedule
associated with each fuel type. All Parameter-Limited Schedules must be submitted
via eMKT seven days prior to the beginning of each period. The generation supplier
will be required to indicate to PJM which of the parameter-limited schedules are
available each day by using the eMKT use max gen flag. Any exceptions required for
any of the parameter-limited schedules submitted for multiple-fuel units will be
required to be submitted and approved via the exception process.

Nuclear Units are excluded from eligibility for Operating Reserve payments except in
cases where PJM requests that nucl ear
where a physical problem at a nuclear unit requires a risk premium and that risk
premium is submitted to and accepted by the MMU. Other specific circumstances will
be evaluated on a case-by-case basis by PJM and the MMU.

The following business rules apply to Transmission Customers:

1

Transmission customers may submit external bilateral transaction schedules and
may indicate willingness to pay congestion charges into either the Day-ahead Market
or balancing market. In the Day-ahead Market, a transaction shall indicate
willingness to pay congestion charges
congestion bid.

u

by

n

i ts

sub|

6Up tod congestion bids shall be no greater
$50/ MWh. Any O6up tod congestion t hatfessacti

than -$50/MWh will be rejected.
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1 PJM will maintain an up-to date list of source/sink combinations that will be available
for 6Up to O6congestion bidding on the PJM OA

1 Internal bilateral transactions may be designated as day-ahead or balancing market
in PJM eSchedules.

1 Up-to congestion bids, increment offers, and decrement bids shall be supported in
the Day-ahead Market only.

9 6Up too congestion bids are cleared based on
the source and the sink.

2.3.5 Curtailment Service Providers

The business rules that apply to Curtailment Service Providers are set forth in Section 10.

2.3.6 PIM Activities
The following business rules apply to PJM activities:

1 PJM shall post on the eMKT System, the PJM load forecast, total bid demand, and
Day-ahead Scheduling Reserve (Operating Reserve) objective for each hour of the
next Operating Day by 1600 at the completion of the day-ahead scheduling process.

1 PJM shall post forecasts of total hourly demand for the next four days and peak
demand for the subsequent three days.

1 PJM shall post hourly LMP, Congestion Price, and Loss Price values for the next
operating day at the completion of the day-ahead scheduling process at 1600.

1 PJM shall post the schedule of demand, supply, and bilateral transactions for private
viewing by market participants.

1 PJM may perform supplemental resource commitments after the day-ahead
schedule is posted in order to maintain reliable operation. Such supplemental
commitments are based on minimizing startup and no-load costs.

1 During the various resource commitment analyses, PJM may limit its dependence on
Combustion Turbines to provide reserves in order to maintain reliable operational
standards. Such limits shall be based on past performance of these units.

1 PJM's market power mitigation procedure continues under the energy market
procedure. If transmission limits are identified during the day-ahead scheduling
process or during real-time operations, the appropriate generators (those for which
the owner fails the Three-Pivotal Supplier Test as detailed in Section 6.4.1
paragraphs (e) and (f) of the PJM Operating Agreement) are offer-capped.

1 Units are offer-capped at lesser of their cost-based or price-based schedules,
including start-up and no-load components. Specific details regarding determination
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of cost-based offers may be found in PJIM Manual M-15 (Cost Development
Guidelines) and Section 6.4.2 of the PJM Operating Agreement.

1 For the Day-ahead Market, the offer caps will apply for the length of time the unit is
scheduled.

1 Non-CT units offer-capped in the Day-ahead Market will be offer-capped in the real-
time market.

1 Units offer-capped in the real-time market shall remain offer-c apped unt i
minimum run time is exhausted. Once the minimum run time for a particular unit
expires in the real-time market, if that unit is no longer needed to control any of the
constraints for which it was originally started but the unit is kept on-line, the decision
as to whether the unit remains offer-capped will be made as follows:

o If PIM needs the unit for economics (on its price-based offer) and the unit is not
required to relieve a current or anticipated constraint, the unit will be un-capped.

o If released by PJM, any subsequent offer-capping decision for a unit will be
determined by the Three-Pivotal Supplier Test.

o Units remain eligible to set LMP when offer-capped.

1 Offer-capping is suspended in Scarcity Pricing Regions during scarcity conditions, as
defined and detailed in Section 6A of the PIM Operating Agreement and PJM
Manual M-13 (Emergency Procedures).

1 Units brought on-line for economics prior to constrained conditions will not be offer-
capped.

1 Once the price-based switch is set to price (set by PJM upon request from
generation owner), the generator owner cannot return to a cost-based offer (cost-
capped or historic LMP-capped).

1 Price-sensitive demand can set LMP in the Day-ahead Market. (Due to

communication infrastructure challenges, price-sensitive demand cannot currently
set LMP in the real-time market.)

2.3.7 Mechanical/Technical Rules
1 A valid generator offer consists of the following elements:
o For an internal Generation Capacity Resource a valid generator offer consists of
a price-based schedule (if the unit has switched to price) and at least one cost-
based schedule. The default values for the schedules are:

U Day-ahead Market switch is yes (1).

U Balancing market switch is yes (1).
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Use start-up & no-load switch is yes (1).

Use offer slope switch is no (0).

Condense available switch is blank or no (0).
Startup and no load costs are zero.

Hourly economic max/min and emergency max/min are the unit level
economic and emergency MW limits, respectively.

Minimum down time, minimum run time, start times, and notification times are
Zero.

Maximum run time and maximum number of starts per week are infinity.

The default for incremental offer curve data is $0. If the last MW point on the
segment curve is less than the maximum emergency limit, then the curve is
extended up to the emergency maximum limit using zero slope from the last
incremental point on the curve.

o For an external resource or a non-Capacity Resource, a valid generator offer
consists of a price-based schedule. The default values for the schedules are:

i

i

Day-ahead Market switch is yes (1).
Balancing market switch is yes (1).

Use start-up & no-load switch is yes (1).

Use offer slope switch is no (0).

Condense available switch is blank or no (0).
Startup and no-load costs are zero.

Hourly economic max/min and emergency max/min are the unit level
economic and emergency MW limits, respectively.

Minimum down time, minimum run time, start times, and notification times are
Zero.

Maximum run time and maximum number of starts per week are infinity.

The default for incremental offer curve data is $0. If the last MW point on the
segment curve is less than the maximum emergency limit, then the curve is
extended up to the emergency maximum limit using zero slope from the last
incremental point on the curve.
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o Valid offers for demand bids, price sensitive and fixed, consist of the following
items:

0 MW, with a default value of 0 MW. Demand bids should not include losses.
U Location (transmission zone, aggregate, or single bus)

U Price at which demand shall be curtailed (for price-sensitive bids)

2.3.8 Modeling

1

Fixed transactions, including increment offers and decrement bids, are modeled in
the Resource Commitment. Up-to congestion transactions are not modeled in the
commitment, but are handled in the dayi ahead dispatch. PJIM does not commit
additional generation to support up-to congestion transactions.

The day-ahead security analysis treats increment offers and decrement bids
injections as distributed load (or generation) that create an imbalance where physical
load and generation do not exist.

External bilateral transactions with source = interface bus are modeled as generation
at the source bus location. This is the case for both dispatchable and non-
dispatchable transactions.

External bilateral transactions with sink = interface bus are modeled as a load at the
sink bus location. This is the case for both dispatchable and non-dispatchable
transactions.

Only fixed transactions and transactions involving external aggregate resources are
modeled in the Resource Commitment (RSC) for the Day-ahead Market.

2.3.9 Day-ahead Locational Marginal Price (LMP) Calculations

1

1

The day-ahead LMP calculation is based on the first resource commitment, which
has the objective to satisfy the day-ahead bid demand, plus the PJM Day-ahead
Scheduling Reserve (Operating Reserve) objective requirement for that level of bid
demand. The calculation co-optimizes Day-ahead Scheduling Reserve (DASR) and
Day-ahead (DA) energy prices.

The following resources are eligible to set LMP values in the Day-ahead Market:
o all pool-dispatchable steam units

o pool-scheduled CTs and diesels whose bid price is at or below the system
marginal cost

o dispatchable external resource offers
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o increment offers

o committed Economic Load Response bids

1 Demand bids that are eligible to set LMP values in the Day-ahead Market are price-
sensitive demand bids and decrement bids.

g Transacti
Day-ahead Market.

ons that bi

d bup

t

o0

congestion

1 Settlements Data Requirements can be found in M28: Operating Agreement

Accounting.

2.4 Real-time Locational Marginal Price (LMP) Calculations

The PJM Real-time Locational Marginal Price (LMP) calculation process consists of several
programming modules that are executed as part of the real-time sequence. The real-time
sequence executes every five minutes on the PJM Energy Management System (EMS). A
functional diagram of the PJM LMP Model is shown in Figure 1. As indicated in Figure 1, the
main modules of the PJM LMP Model are:

1 Unit Dispatch System (UDS)

1 PJM State Estimator

1 LPA Preprocessor

1 Locational Pricing Algorithm (LPA)

Resource
Offers

Unit I
—————| Dispatch

System I

Locational Marginal Pricing

Model

Dispatch Rates
Desired MW

LPA

Preprocesso

Real-Time State Eligible Resources
Data i
Estimator Energy Demand Real-Time
Real-Time MW LPA LMPs
System Topologyl____,| for all
Locations
PIM Unit
Dispatcher | Dispatch Binding
Input System Transmission
Constraints
Figure 1
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Each of the PIJM LMP modules is described in detail below.

2.5 Unit Dispatch System

The Unit Dispatch System (UDS) is a software tool that provides the PJM dispatchers with
the capability to manage changes in load, generation, interchange, and transmission
constraints simultaneously on a near real-time basis, by providing recommended dispatch
solutions. The UDS evaluates various system conditions to produce a dispatch solution for
a user-selected look-ahead time. This allows the operator to simultaneously manage
multiple transmission constraints.

The Unit Dispatch System is not a stand-alone system. It is an application that processes
data from the markets database and other PIM systems. UDS executes a dispatch solution
automatically every five minutes or when executed by the operator. To calculate the
solution, UDS looks at online and available resources, resource offer data, forecasted load,
scheduled and current interchange, ACE (Area Control Error), as well as various other input
parameters.

Real-time data sources include:
1 Load forecast data from EMS
1 ACE, steam deviation, regulation signal from EMS
1 Constraint data - unit sensitivities from EMS
1 State Estimator output from EMS
1 Outage data from eDART

1 Transaction data from EES
The application then produces three cases with each solution solving the Security
Constrained Economic Dispatch problem. Each of these solution cases contains:
1 A recommended set of zonal dispatch rates
1 Alist of exceptions to the dispatch rates for constraint control

1 Individual resource dispatch rates

71 Individual Resource Desired MW level

For the purpose of Real-time LMP, the Individual Resource dispatch rates are the $/MW
value from the resource offer curve corresponding to either the limited or unrestricted
desired MW level. The limited desired MW value takes into account unit restrictions such as
ramp rate limits, economic minimum, and economic maximum. In contrast, the unrestricted
desired MW value ignores ramp rate limits.

UDS gathers transmission constraint information from the EMS and develops its dispatch
solution based on using the most economic resources to control a given constraint. The
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optimization that takes place when the UDS executes ensures that the optimal dispatch
solution is reached respecting all binding transmission constraints.

When the operator approves a recommended solution, the zonal dispatch rates and/or
individual resource MWs are bridged to the EMS, where they are automatically sent out to
resources or local control centers.

In addition to being used for economic dispatch, results of each approved solution are used
as input to the Real-time LMP calculation. When the operator approves a recommended
solution, the following data is sent to the Real-time LMP calculation:

1 Individual Resource dispatch rates
1 Resource specific Desired MW level (UDS Des MW)

1 Binding transmission constraints

2.6 PJM State Estimator

The Real-time LMP calculation depends upon having a complete and consistent power flow
solution as input. This input requirement can be achieved by using a state estimator. The
state estimator is a standard power system operations tool whose purpose is to provide a
base case power flow solution for input into other computer programs.

The state estimator uses actual operating conditions that exist on the power grid (as
described by metered inputs) along with the fundamental power system equations to
calculate the remaining flows and conditions that are not metered. Since the state estimator
solution provides a complete and consistent model of actual operating conditions based
upon observable (metered) input and an underlying mathematical model, it can be used to
provide the basis for the Locational Marginal Price calculations.

The inputs to the state estimator are the available (metered) real-time measurements, the
current status of equipment (lines, generators, transformers, etc.), and the bus load
distribution factors.

This standard industry tool depends upon data redundancy and the underlying physical and

mathematical relationships of the power system to provide a solution with less error than the
original measurements. Therefore the state estir
missing data in the model to provide a consistent representation of existing network

conditions.

The PJM state estimator is run on a thirty-second cycle and can provide the following inputs
to the PIJM LMP Model, on a five-minute basis:

1 AC powerflow solution
1 Actual generator MW output
1 Bus loads

1 Tie line flows
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1 Actual MW flow on any constrained transmission facility

2.7 Locational Pricing Algorithm (LPA) Preprocessor

Since the Real-time LMP calculation is based on actual resource output rather than a
theoretical optimal dispatch, it is necessary to screen resources to determine if they are
eligible to participate in the Real-time LMP calculation.

The LPA Preprocessor performs this screening function by analyzing the following to
determine if a resource is following economic dispatch requests.

1 Resource state estimated MWh output (aka Real-time MWh or SE MW)
1 Resource offer price curves
1 Economic dispatch rates

1 Desired MW level for each resource that was specified by UDS

The program therefore acts as a real-time performance monitoring function for resources
that have designated themselves as dispatchable.

Dispatchable resources whose actual MW output is 110% or less than the desired MW level
are considered to be following the economic dispatch instructions and are therefore eligible
to be passed through to the LPA as eligible resources. This evaluation includes any
resources that are specifically requested by the UDS program to operate out of economic
merit order dispatch in order to control a transmission constraint. These resources are
designated as eligible to set LMP if they are on-line and following the dispatch instruction.
When designated, an fdeligible to set LMPO
5-minute interval within an operating hour. The LPA Preprocessor also screens external
bilateral transactions that are designated as dispatchable to determine if their offer data is
consistent with current dispatch rates and if they are therefore eligible to set LMP.

Resourcest hat are declared as must run and not
ar e designated as OFi xed Gend in the eMKT
economic dispatch requests based on the criteria outlined above will not be eligible to set
Real-time LMPs.

The offer price of eligible resources corresponds to a value derived from their applicable
offer curve (or MW schedule for external bilateral transactions). The LPA Preprocessor
calculates this Real-time offer value using the following criteria:

9 | f the resourcebds state esti mat deadiredMIW v al

value, then the Real-time resource offer value is calculated by comparing the state

esti mated MW output to the resourceds offer

9 I f the resourcebds state estimated MW val

then the Real-time resource offer value is calculated as its dispatch rate.
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The eligible resources are introduced to the LPA and are modeled at actual MW output with
a small bandwidth to allow for solution tolerance. Resources that are not eligible to
participate in Real-time LMP calculations are modeled as ineligible resources with their MW
output fixed at the actual MW value from the state estimator solution.
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Figure 2 below shows how the LPA Preprocessor determines the list of eligible units and
transactions.

State
N eMKT
Estimator
Real-time Output i
Levels P Resource D(Izsg:;lcltlrﬁgtes
(SE MW) offer and
Data UDS LMP
Desired MW

e Eco Min
Resource On-Line Resm‘gce P
(SE MW > 0)? T

Unit Offer Price

= <=
Eco Max? Dispatch Rate

Resource Ineligible
for LPA

SE MW
<=110% of
UDS LMP Desired

Set
Resource Offer
Price

Marginal Cost

Resource Eligible
for LPA

Figure 2
List of
Resources
Eligible
for LPA
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2.8 Locational Pricing Algorithm

The function of the Locational Pricing Algorithm (LPA) is to determine the Real-time LMP

values on a five minute basis. The LPA calculates prices for each of the PIJM nodes in the

state estimator model and for interface busses used as a proxy for transfers to and from

PJM and external control areas. The Real-time LMPs are defined as the cost to serve the

next increment of load at each node bus location for the current system state estimated

operating point, taking into account eligible resourcereal-t i me of fer prices and
location with respect to transmission limitations and incremental system losses.

The LPA is an incremental linear optimization program that is formulated at the current state
estimated operating point. The objective is to minimize the cost function subject to the power
balance constraint, generation MW bounds, transaction MW bounds, any transmission
constraints that currently exist on the system and a normalized distribution of system losses
to a network location.

Since the goal of the PJM LMP system is to calculate the Real-time LMP values based on
actual system operating conditions, the state estimated powerflow solution is used as a
starting point for the incremental linear programming formulation. This powerflow solution is
then linearized in order to perform the LMP calculations. As outlined in previous sections,
the set of eligible resources is determined by the LPA Preprocessor and is input to the LPA
as a set of control variables. The set of eligible resources, Pi, are modeled in the formulation
at the state estimated MW amount with a small bandwidth to allow for solution tolerance.
The cost coefficients in the objective function for the eligible resources are set equal to the
Real-time bid that is calculated by the LPA Preprocessor based on the state estimated MW
level and the incremental offer (or bid) curve. These cost coefficients are assumed to have a
constant slope.
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The PJM incremental linear programming formulation is as follows:
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Minimize:
Z =3 C(DP)
Subject to:
g DP - Loss=0 (power balance)
i=1
aA (DPI - D3 Los§¢ 0 (network constraints)
i=1
DP™ ¢ DP ¢ DP™ (resource limits)
where:
DP: - the change in rate of energy injection (+) or energy consumption (-) in MW

for resource |.

Loss- total system loss demand (in MW) as a function of location-specific injections
and withdrawals

DP ™ - the upper MW bound for resource i

DP™- the lower MW bound for resource i

| - an index over the set of flexible resources
Ci - the calculated real-time price for resource i

Ajj, - the sensitivities for resource bus i and active constraint j with respect to the
reference bus

D°** normalized distribution of system losses to network location i.

The LMP values at each bus are by-products of the linear programming formulation that is
listed above. The LMP value at a particular location is essentially the sum of the system
marginal price of generation at the reference bus plus the marginal congestion price at the
location associated with the various binding transmission constraints plus the marginal loss
price at the location. The marginal values associated with various constraints in the
optimization problem are called shadow prices. The shadow price of a constraint can be
explained as the incremental change in value of the objective function for a unit change in
the limit (right hand side) of the constraint. Therefore, an equation for computing LMPs can
be expressed in terms of these shadow prices.
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The LMP equation can be written as follows:

a1

LMR =/ - &[A(sSR)] + /%-13
¢l 7

where:
LMP: =the Locational Marginal Price at bus i
| =the system marginal price of generation at the reference bus

Ak =the sensitivity for bus i on binding constraint k

SR =the shadow price of constraint k

8.,

pLos
uP

Pf, =the penalty factor for resource i. Pf, =

t-O?ﬁ&).)o
|-

Determination of LMPS for De-Energized Busses

Due to equipment outages, the main transmission system may contain some de-energized
busses for which LMPs cannot be directly calculated. It is necessary for settlement purposes
that LMPs for these de-energized busses be established. The methodology for determining
LMPs at de-energized busses is to assign to them the LMPs at their neighboring energized
busses. The following criteria for a search is designed and implemented in the market
clearing software.

Search rules:

1. Search at the same voltage level.

1 Check whether any of the other busses belonging in the same voltage level as the
de-energized bus is energized. If an energized bus is found, set the LMP of the de-
energized bus equal to the LMP of the energized bus. If a suitable replacement
cannot be found, proceed to step 2.

2. Search at the same station.

1 Check whether there are any energized busses located at a voltage level different
from the de-energized-bus voltage level but at the same station. If an energized bus
is found, set the LMP of the de-energized bus equal to the LMP of the energized bus.
If a suitable replacement cannot be found, proceed to step 3.

3. Search in the nearest neighboring stations.

1 Rank all the transmission lines out of the de-energized bus station in the descending
order of their admittances.

1 Check whether there is any energized bus in the next station available in the rank. If
one is found, set the LMP of the de-energized bus equal to the LMP at the energized
bus.

If by searching all the neighboring stations no energized bus is found, the PIJM Market
Operator will be notified that a de-energized bus exists for which no suitable replacement
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could be found using the above steps and will be required to manually search for a suitable
replacement.

2.9 PJM Real-time Locational Marginal Price Verification Procedure

PJM continually monitors the processes that are associated with the calculation of Real-time
LMPs. In the event of a data input failure, program failure, or logging error, corrective
actions may be taken to ensure that the resulting Real-time LMPs are as accurate as is
reasonably obtainable.

1 Data Input Failures (Stale cost data, stale dispatch rates, stale EMS data) or
Program Failures (State Estimator failure, LPA Failure, Constraint logger failure) -
Data input failures can occur when telecommunication problems exist either on the
PJM computer network or on the data lines between PJM and PJM member
compani es. I f failures occur psiwilleitaken®J M6 s n e
recover the original data for use in LMP calculation reruns. In the event of a program
failure, an attempt will first be made to correct the reason for the failure and to
recalculate LMP values for the affected intervals. If the failure cannot be corrected
(due to a data input failure), and the original data cannot be recovered, PJM may
utilize data from the best available alternate data sources including, but not limited
to, backup systems, dispatcher logs, raw telemetry data, and member company data
sources. In the event of a data input or program failure, LMP replacements will be
performed as outlined below:

1 If the stale data or program failure exists for less than 6 intervals within the same
hour then the affected intervals will be replaced with data from the last successful
interval.

1 If the stale data or program failure exists for more than six intervals within the same
hour then:

o If the hour is unconstrained, the hourly LMP will be replaced with the hourly
integrated dispatch rate, or

o If the system is constrained, the LMP values will be recalculated using data from
the best available sources.

1 If the stale data or program failure exists for less than 6 intervals within the same
hour but the previous hour had 12 failures then:

o If the hour is unconstrained, the hourly LMP will be replaced with the hourly
integrated dispatch rate, or

o If the system is constrained, the LMP values will be recalculated using data from
the best available sources.

1 Logging Errors (Transmission constraint logging, CT logging) i The reference for
logging times is the transmission dispatcher manual log. In the event of a logging
error, LMP replacements will be performed as outlined below:
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o Transmission constraint or CT logs entered (or removed) with a delay of less
than four intervals) i No recalculation of LMP is required.

o Transmission constraint or CT logs entered (or removed) with a delay of four
intervals or more) i The constraint and/or CT data will be corrected and LMP
values will be recalculated.

o Transmission constraint or CT logs entered incorrectly - The constraint and/or CT
data will be corrected and LMP values will be recalculated.

2.10 Price-Bounding Violations

Under certain isolated system conditions the LPA itself may not be able to calculate real-
time LMPs as accurately as others. For this reason PJM institutes a Price-Bounding
Tolerance to establish a reasonable difference between dispatch rates and ex-post LMPs
that when exceeded will result in disabling the posting of ex-post LMPs. The Price-Bounding
Tolerance does not impact the LMP calculation itself as it is only used as a metric to
determine the accuracy of the ex-post solution when considering the dispatch instructions
sent out. The value of this tolerance is determined by PJM Market Operations staff as
system conditions permit.

2.11 Calculation of Ramp Limited Desired MWh

Operating Reserve deviations to generators that
on a comparison of their Real-time desired MW with their Real-time MWh. For the purposes

of settlement of Operating Reserve charges and credits, a Ramp-Limited Desired MW value

will be used to determine whether a unit is following PJM dispatch instructions as well as the

actual quantity of deviations that will be calculated when a unit be determined to not be

following dispatch instructions.

PJM will calculate a Ramp Limited Desired MW value for units where the economic
minimum and economic maximum are at least as far apart in real-time as they are in Day-
Ahead.

1 Real Time Economic Minimum <= 105% of Day-ahead Economic Minimum or Day-
ahead Economic Minimum plus 5MW, whichever is greater.

1 Real Time Economic Maximum >= 95% Day-ahead Economic Maximum or Day-
ahead Economic Maximum minus 5MW, whichever is lower.

PIM wil | det er miimied Desirediviwtaécsrding @ the following
calculation:

(UDStarget, .- AOutput, )

- t-1 t-1
Ramp_Request, (UDSLAtime )
t-1

RL_Desiredt = AQOutput t _1+Z$2am p_Requestt *Case_FEff_time
where the variables are:

OO0

t-1
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1 UDStarget = UDS basepoint for the previous UDS case

f AOut put = Unitédés output at case solution tim
1 UDSLAtime = UDS look ahead time

1 Case_ Eff time = Time between base point changes

1 RL_Desired = Ramp limited desired MW

UDS LMP Desired MWh is calculated by comparing the hourly integrated UDS LMP to the
uni tés bid curve to determine a cor rlimsgpondi ng M\

In the event of technical difficulties where either a) UDS data does not exist or b) there is not
a sufficient amount of data to calculate a reasonable Ramp Limited Desired MW value, the
UDS LMP Desired MW value will be used.

PJM utilizes the Ramp-Limited Desired MW value to determine whether a unit is following
PJM dispatch instructions. PJM will calculate two values, for a generation resource that is
operating at PJMO6s direction:

1 the MW off dispatch - is a defined term that is the lesser of the difference between
the actual output of a unit in MW and the UDS Basepoint, or the difference between
the actual output of a unit in MW and its Ramp-Limited Desired MW.

1 % off dispatch.

PJM will use the lesser of the difference between the actual output and the desired dispatch
point, or the actual output and Ramp-Limited Desired MW value. The % off dispatch and
MW off dispatch will then be calculated as time-weighted averages of the values calculated
with each dispatch solution over the course of an hour.

Pool-scheduled and dispatchable self-scheduled resources operating above economic
minimum will then be considered to be following dispatch if:

(a) actual output is between their Ramp-Limited Desired MW value and desired
dispatch point,

(b) % off dispatch is less than or equal to 10, or

(c) hourly integrated Real-time MWh are within five percent (5%) or 5 MW
(whichever is greater) of the hourly integrated Ramp-Limited Desired MW.

1 Dispatchable pool-scheduled and self-scheduled generation resources that follow
di spatch wondét be as s gResesvddeBaidng and thasggthaOp er at i |
do not follow dispatch will be assessed Balancing Operating Reserve deviations
based on |hourly integrated Real-time MWh 1 hourly integrated Ramp Limited
Desired MW|, pursuant to the rules as defined in PIJM Manual M28. The rules
provide that Ramp-Limited Desired MW value must be used to determine real-time
deviationsfromday-a head schedules for generation resol
Reserveo section of PJM Manual M28 for a det
generator deviation charges).
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2.12 Using and Calculating Locational Marginal Prices

LMPs are used in the PIJM Energy Market accounting to calculate charges or credits for
many of the market services, including:

1 Spot Market Energy 8 LMPs are used to calculate the charges for Spot Market
Energy purchases and the credits for Spot Ma
Mar ket Energy Accountingd section of PJM Man
these calculations).

1 Operating Reserve 8 LMPs, along with other components, are used to determine
whether providers of Operating Reserve are properly compensated for their costs.
(See NOperating Reserve Accountingo section
description of this calculation).

1 Transmission Congestion 8 Congestion price components of LMPs are used in the
calculation of Transmission Congestion Charges and to determine the value of FTRs

used in the calculation of Transmission Cong
Congestion Accounti ngo s e adetaiecddesoriptiorPalthls Ma n u a |
calculation).

1 Transmission Losses & Loss price components of LMPs are used to determine the
charges for transmission | osses. (See ATrans
PJM Manual M28 for a detailed description of this calculation).

1 Emergency Energy 8 LMPs are used to calculate the charges and credits for
Emergency purchases and sales between PJM and other Control Areas. (See
AEmergency Energy Accountingd section of PJM
description of this calculation).

1 PJM Load Response Programs i LMPs are used to calculate charges and credits for
the PJM Load Response Programs (see ASection
Accountingo of PJM Manual M28 for a detailed
1 Metering Reconciliation 8 Weighted average LMPs are used to calculate monthly
meter error correction charges between PJM Members and between Control Areas.
(See fAMetering Reconciliation Accountingo se
description of this calculation).

In general, generators are paid based on the generator bus LMP and loads are charged
based on the load bus LMP. Transmission Customers or Energy Market Buyers are charged
for congestion on transactions based on the differential in source and sink LMPs. LMPs are
calculated on a periodic basis throughout the Operating Day, nominally every five minutes.
At the end of each hour, an average of the five-minute LMP values is computed. The
resulting hourly LMPs are then used in the PJIM Energy Market accounting, as described in
the other sections of this manual.
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PJM Actions:

1 PJM determines which CT units can set LMP. A CT can set LMP if it meets any of
the following criteria:

1 The CT is on for economic reasons, the CT bid price is less than or equal to the
dispatch rate, and the state estimator MW output of the CT is greater than zero.

1 The CT is logged on for transmission and a transmission constraint is logged (CTs
logged as on for transmission when a constraint is not logged are treated as
economic), the CT bid price is less than or equal to the dispatch rate, and the state
estimator MW output of the CT is greater than zero.

1 PJM determines which steam units can set LMP. A steam unit can set LMP if it
meets the following criteria:

1 The steam unit is not on for transmission congestion and the bid price is less than or
equal to the dispatch rate, and the state estimator MW value is less than or equal to
110% of the unitdéds desired MW value.

1 The steam unit is on for transmission congestion and a transmission constraint is
logged, the bid price is less than or equal to the dispatch rate, and the state
estimator MW value is |l ess than or equal

1 PJM determines the pool transactions than can set LMP. A pool transaction can set
LMP if the transaction bid price is less than or equal to the Dispatch Rate.

2.12.1 Day-ahead Settlement

1 Day-ahead settlement is based on Day-ahead hourly LMPs. The components of
Day-ahead hourly LMPs are the Day-ahead System Energy Price, Day-ahead
Congestion Price, and the Day-ahead Loss Price. Please refer to Manual 28:
Operating Agreement Accounting for additional settlements details.

1 FTR holders receive congestion credits based on hourly day-ahead Congestion Price
component of LMP values. Therefore, under two-settlement, congestion charges for
the hour from both day-ahead and real-time markets are distributed to FTR holders
based on target allocations, which are calculated as a function of day-ahead prices.
Excess congestion charges are distributed according to the method described in
Manual 28: Operating Agreement Accounting.

1 Operating Reserves 8 there are separate operating reserve credit calculations for
the Day-ahead Market and the Balancing market. This option preserves the incentive
for demand and supply to bid into the Day-ahead Market based on their actual
expectations and preserves the incentive for generation to follow real-time dispatch
signals. Please refer to Manual 28: Operating Agreement Accounting for additional
settlements details.
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2.12.2 Balancing Settlement
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1 Balancing settlement is based on Real-time LMP values averaged over the hour. The
components of Real-time hourly LMPs are the Real-time System Energy Price, Real-
time Congestion Price, and the Real-time Loss Price. Please refer to Manual 28:
Operating Agreement Accounting for additional settlements details.

1 FTRs do not apply to balancing settlement. FTRs apply to the day-ahead settlement
only, because of the market revenue adequacy issue. PJM cannot provide financial
hedging in both the day-ahead and the balance markets, which in effect is selling the
service twice.

2.13 Balancing Operating Reserve Cost Analysis

Accounting for Operating Reserve is performed on a daily basis. A pool-scheduled resource
of a PJM Member is eligible to receive credits for providing Operating Reserve in the day-
ahead market and, provided that the resource was available for the entire time specified in
its offer data, in the balancing market. The total resource offer amount for generation,
including startup and no-load costs as applicable, is compared to its total energy market
value for specified operating period segments during the day (including any amounts
credited for day-ahead scheduling reserve in excess of the day-ahead scheduling reserve
offer, any amounts credited for synchronized reserve in excess of the synchronized reserve
offer plus opportunity cost, and any amounts credited for resources providing reactive
services). If the total value is less than the offer amount, the difference is credited to the
PJM Member.

Credits are also provided for pool-scheduled energy transactions, for generating units
operating as synchronous condensers (not for synchronized reserve nor for reactive
services) at the direction of PJM, for cancellation of pool-scheduled resources, for units
whose output is suspended or reduced due to a transmission constraint or other reliability
reason, for units performing an annual black start test, and for units providing reactive
services at the direction of PJM.

The offered price for pool-scheduled resources will be capped for the entire operating day in
the event either of the following conditions exists:

1 The generation resource is identified in the day-ahead schedule to be dispatched out
of economic merit order to control an identified transmission constraint.

1 The generation resource is dispatched to provide quick start reserve for reliability.
In the event one of the above conditions exists, the offer prices will be capped at one of the

following three levels, as specified in advance by the resource owner:

1 The weighted average real-time Locational Marginal Price at the generation bus
during all hours over the past six months in which the resource was dispatched in
economic merit order above minimum.

1 The incremental operating cost of the generation resource as determined in the PJM
Cost Development Guideline Manual plus a 10% adder.
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1 An amount negotiated between PJM and the Market Seller in the event the
generation resource cannot recover costs with either of the first two methods above.
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The total cost of Day-ahead Operating Reserve for the Operating Day is allocated and
charged to PJM Members in proportion to their total cleared day-ahead demand and
decrement bids plus their cleared day-ahead exports for that Operating Day. The total cost
of Balancing Operating Reserve for the Operating Day is allocated and charged to PIM
Members in proportion to their locational real-time deviations from day-ahead schedules and
generating resource deviations during that Operating Day, or to PJIM Members in proportion
to their real-time load plus exports during that Operating day for generator credits provided
for reliability. In order to determine the reason why the Operating Reserve credit has been
earned so that the charges related can be properly allocated, PJM conducts a Balancing
Operating Reserve Cost Analysis (BORCA). PJM also calculates a Regional Balancing
Operating Reserve rate for the costs of Operating Reserves that result from actions to
control transmission constraints that are solely within pre-defined regions in the RTO.
Additional costs of Operating Reserves that result from actions to control transmission
constraints that benefit the entire RTO will continue to be allocated equally to deviations
across the entire RTO. A detailed description of the Regional Balancing Operating Reserve
Cost Analysis (BORCA) analysis can be found in M11. The total cost of synchronous
condenser payments (other than that for synchronized reserve or reactive services) for the
Operating Day is allocated and charged to PJIM Members in proportion to their total load
plus their exports during that Operating Day. The total cost of Reactive Services for the
Operating Day is allocated and charged to PJIM Members in proportion to their total load in
the applicable transmission zone.

The purpose of the Balancing Operating Reserve Cost Analysis is to separate those
Balancing Operating Reserve charges to be allocated to deviations between Day-ahead
schedules and Real-time quantities from those that should be allocated to real-time load and
exports. The key factor in separating the allocation is the determination of the particular
units by which operating reserve credits were earned, and the units for which those credits
should be allocated to deviations as opposed to those units for which those credits should
be allocated to load and exports. This cost determination will occur in two stages: those
units called on during the Reliability Analysis, and those units called on to operate during the
Operating Day. In both cases, the proposed changes establish clear, definitive, and
objective criteria that will be applied to such units to determine the reason Balancing
Operating Reserve credits were earned.

Resources scheduled by PJM during its reliability analysis for an Operating Day, the
associated Balancing Operating Reserve charges are allocated based on the reason the
resource was scheduled.

1 When a resource is scheduled by PJM during its reliability analysis if the resource is
committed to operate in real-time to augment the physical resources committed in
the Day-ahead Energy Market to meet the forecasted real-time load plus the
Operating Reserve Requirement, then in such cases, Balancing Operating Reserve
charges will be allocated to real-time deviations from day-ahead schedules.

1 If however, a resource is scheduled by PJM during its reliability analysis not to
account for anticipated deviations between day-ahead schedules and real time
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conditions but instead to provide additional reliability margin, Balancing Operating
Reserve charges must be allocated to real-time load plus exports.

1 Balancing Operating Reserve credits earned by units called on by PIM to operate
during the Operating Day for which the LMP ai
exceed the unit 6s appcp)lfor at laaktifoer, fieefminete intefval st or
of at | east one clock hour during which the
allocated according to ratio share of load plus exports.

1 Balancing Operating Reserve credits earned by all otherunitsoper at i ng at PJM®b
direction in real-time will be allocated according to deviations between Day-ahead
schedules and Real-time quantities. The logic behind this distinction is that units
called on in real-time for which LMP exceeds their offer for a significant number of
intervals while they are running are necessary to meet load requirements respecting
active transmission constraints.

1 Units called on at PJMés direction in real t
uni tdés offer we rer theradore opemting ie atderaonedsurey
reliability is maintained as opposed to account for differences between day-ahead
schedules and real-time system conditions.

PJM further collects Balancing Operating Reserve credits that are accrued to resources
operating to manage local transmission constraints. In order to appropriately collect the
costs of Balancing Operating Reserve for local constraints within the pre-determined regions
where the constraints existed, PJM calculates Regional Balancing Operating Reserve
adders.

PJM calculates Regional Balancing Operating Reserve adders for the following Regions
within the PJM RTO

1 Western Region of PJIM RTO, comprised of the AEP, APS, ATSI, ComEd,
Duquesne, and-Dayton_and DEOK Zones and

1 Eastern Region of PJIM RTO made of the AEC, BGE, Dominion, PENELEC, PEPCO,
ME, PPL, JCPL, PECO, DPL, PSEG and RE Zones.

Balancing Operating Reserve credits that are accrued to resources operating to control

transmission constraints that benefit the entire RTO are charged as an RTO Balancing
Operating Reserve rate. (See AOperating Reserve
for a detailed description of the calculation of allocation charges).

2.13.1 Maximum Emergency Generation in Day-ahead Market

1 If the day-ahead demand bid MW cannot be satisfied with all available generation at
its economic maximum MW limit, the program shall issue a Maximum Generation
Warning message due to a shortage of economic generation in the Day-ahead
Market. The program shall then perform the following steps to achieve power
balance:
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Increase all on-line generation up to its maximum emergency MW limit. (Increase
generator MW proportionately by ratio of economic maximum, if power balance is
achieved prior to reaching maximum limits). Set LMP values equal to the highest
offer of all on-line generation.

Load off-line generation that is designated as available only for maximum generation
emergency conditions, as required. The order of loading is based on economic offer
data. Set LMP values equal to the highest offer of all on-line generation.

If generation is still not enough to achieve power balance after Step 2, drop any
remaining price-sensitive demand to zero MW. Set LMP values equal to the highest
price-sensitive demand bid that was cut in this step. If no price-sensitive demand
was reduced in this step, the LMP values are set equal to highest offer price of all
on-line generation (resulting from Step 2).

If power balance is not achieved after step 3, reduce all load proportionately (by ratio
of load MW) until balance is achieved. Set LMP values equal to the highest offer
price of all on-line generation, the price from Step 3, or the bid cap (presently $1000/
MWh), whichever is higher.

2.13.2 Minimum Capacity Emergency in Day-ahead Market

1

If the day-ahead demand bid MW is less than the total generation MW with all
possible generation off and with all remaining generation at their economic minimum
MW limit, the program shall issue a Minimum Generation Warning message due to
an excess of economic generation in the Day-ahead Market. The program shall then
perform the following steps to achieve power balance.

Reduce all on-line generation down to its minimum emergency MW limit. (Reduce
generator MW proportionately, by ratio of economic minimum, if power balance is
achieved prior to reaching minimum limits). Set LMP values equal to the lower of

zero or to the lowest offer price of all on-line generation.

Set LMP values to zero. Reduce all on-line generation below emergency minimum
proportionately (by ratio of emergency minimum) to achieve power balance.
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Section 3: Overview of the PJM Regulation Market

Welcome to the Overview of the PIJM Regulation Market section of the PJIM Manual for
Energy & Ancillary Services Market Operations. In this section you will find the following
information:

1 An overview description of the PJM Regul ati o

Regul ation Market o).

T A Ilist of the PJM Regulation Market Busi

Business Rul eso).

3.1 Overview of the PIJM Regulation Market

The PJM Regulation Market provides PJM participants with a market-based system for the
purchase and sale of the Regulation ancillary service. Resource owners submit specific
offers to provide Regulation, and PJM utilizes these offers together with energy offers and
resource schedules from the eMKT System, as input data to the Synchronized Reserve and
Regulation Optimizer (SPREGO). SPREGO then optimizes the RTO dispatch profile and
forecasts LMPs to calculate an hourly Regulation Market Clearing Price (RMCP). This
clearing price is then used to determine the credits awarded to providers and charges
allocated to purchasers of the Regulation service.

PJM uses resource schedules and regulation and energy offers from the eMKT System as
input data to the Synchronized Reserve and Regulation Optimizer (SPREGO) to provide the
lowest cost alternative for the procurement of Ancillary Services and energy for each hour of
the operating day. The lowest cost alternative for these services is achieved through a
simultaneous co-optimization of Regulation, Synchronized Reserve, and energy. Within the
co-optimization, an RTO dispatch profile is forecasted along with LMPs for the market hour
and adjacent hours. Using the dispatch profile and forecasted LMPs, an opportunity cost is
estimated for each resource that is eligible to provide regulation. The estimated opportunity
cost for demand resources will be zero. The estimated opportunity cost is then added to the
regulation offer price to create the merit order price. All available regulating resources are
then ranked in ascending order of their merit order prices, and the lowest cost set of
resources necessary to simultaneously meet the PJM Regulation Requirement, PJM
Synchronized Reserve Requirement, and provide energy that hour is determined. The
highest merit order price associated with this lowest cost set of resources awarded
regulation becomes the RMCP for that hour of the operating day. Resource owners may
self-schedule Regulation on any qualified resource, and the merit order price for any self-
scheduled Regulation resource is set to zero.

In the after-the-fact settlement, any resources self-scheduled to provide Regulation are
compensated at the hourly RMCP. Any resources selected by PJM to provide Regulation
are compensated at the higher of the hourly RMCP or their real-time opportunity cost plus
their Regulation offer price. LSEs required to purchase Regulation are charged the hourly
RMCP plus their percentage share of opportunity cost credits.
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3.2 PJM Regulation Market Business Rules

3.2.1 Regulation Market Eligibility

1 Regulation offers may be submitted only for those resources electrically within the
PJM RTO.

1 The following resources criteria must be met:

o Generation resources must have a governor capable of AGC control.

o Resources must be able to receive an AGC signal.

o Resources must demonstrate minimum performance standards, as set forth in
the PIJM Manual 12: Balancing Operations, Section 4: Providing Ancillary
Services.

o New resources must pass an initial performance test (minimum 75% compliance
required). PIM will rely on owner 6s data fo
qualified as of June 1, 2000 are grandfathered.

o Resources must exhibit satisfactory performance on dynamic evaluations.

o Resources MW output must be telemetered to the PJM control center in a
manner determined to be acceptable by PIM.

o Generation resources must be able to provide 0.1 MW of Regulation Capability in
order to participate in the Regulation Market. Demand Resources must be able
to provide 0.1 MW of Regulation Capability in order to participate in the
Regulation Market.

o Demand Resources must complete initial and continuing training on Regulation
and Synchronized Reserve Market as documented in Manual 40: Certification
and Training Requirements, Section 2.6: Training Requirements for Demand
Response Resources Supplying Regulation and Synchronized Reserve.

1 The following information must be supplied through the eMKT System:

o Resource Regulating Status (available, unavailable, self-scheduled)

o Regulation Capability (above and below regulation midpoint, MW)

o Regulation Maximum and Minimum values, considering any necessary offsets
(MW)

o Cost-Based Regulation Offer ($/MWh). This value will be validated using the unit-
specific operating parameters submitted with the regulation offer and the
applicable $12/MWh regulation margin adder.
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o Price-Based Regulation Offer ($/MWh, optional): This value is capped at
$100/MWh, and its submission is optional on the part of the market participant.
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In addition to the cost-based regulation offer price, each market participant may also submit
additional information to support the cost-based offer price. Using the calculations in Manual
M-15: Cost Development Guidelines, PJM will validate the cost-based regulation offer
price to ensure that it does not exceed actual regulating cost as determined by this manual,
plus the applicable regulation margin adder. Any cost-based offer prices that exceed this
value will be rejected by the eMKT System. An example of this calculation is available on
the pjm website at http://www.pjm.com/markets-and-operations/ancillary-services/mkt-
based-regulation.aspx..

If a market participant does not submit a cost-based regulation offer price they will not be
permitted to participate in the PJM Regulation Market until such offer has been validated.
Any participants that do not submit any of the supporting parameters below will have their
cost-based regulation offer price capped at the margin adder of $12/MWh.

The following optional parameters may be submitted in the eMKT System to support the
cost-based regulation offer price. If any of these parameters are not submitted they will
default to zero.

1 Heat Rate @ EcoMax [BTU/KWh]: The heat rate at the default economic maximum
for a resource. The economic maximum that will correspond to this rate value will be
the default economic maximum that is shown on both the Daily Regulation Offers
and Unit Details pages.

1 Heat Rate @ RegMin [BTU/kWh]: The heat rate at the default regulation minimum
for a resource. The regulation minimum that will correspond to this rate value will be
the default regulation minimum that is shown on both the Daily Regulation Offers and
Unit Details pages.

1 VOM Rate [$/MWh of Regulation]: The increase in VOM resulting from operating
the regulating resource at a higher heat rate than is otherwise economic for the
purpose of providing regulation.

1 Fuel Cost [$/MBTU]: The fixed fuel costs of the resource. This value will be used to
determine the heat rate adjustments during steady-state and non steady-state
operation for the purpose of providing regulation.

3.2.2 Regulation Market Data Timeline

Cost-based and Price-Based Regulation Offer(s) and any applicable cost information must
be supplied prior to 6:00 p.m. day-ahead and is applicable for the entire 24-hour period for
which it is submitted. Resource Regulating Status, Regulation Capability, and Regulation
Maximum and Regulation Minimum information may be submitted or changed up until sixty
(60) minutes prior to the beginning of the operating hour, at which time the Regulation
market closes. In the event that the Regulation Maximum and Regulation Minimum limits are
not the most restrictive for a given resource (i.e. the Regulation Maximum the lowest of all
the high limits and the Regulation Minimum the highest of all the low limits), the regulation
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software will utilize the most restrictive minimum and maximum of all applicable limits for
real time.
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1 Should a unit wish not to participate in the regulation market in any given hour on the
operating day, the following update should be made at least 60 minutes prior to the
operating hour in the Regulation Updates screens of the eMKT System:

o Set Offer MW to zero

o Set Available status to Not Available.

1 Should a unités r eg udrsahamnge after the regulatibninrarget p ar a me
closes for an hour, the following changes may be made through direct
communication with the PIJM Scheduling Coordinator.

o Resource Regulating Status
o Available to unavailable
o Self-scheduled to unavailable

o High Regulation Limit may be decreased but not increased and Low Regulation
Limit may be increased but not decreased.

o Regulating capability may be decreased but not increased.

o Regulation Maximum capability may be decreased but not increased and
Regulation Minimum capability may be increased but not decreased.

o Any resource that is unavailable for energy when the Regulation market closes
and becomes available during the operating hour may also be made available or
self-scheduled for regulation. Any associated regulation offer information may be
changed for such resources, since none was considered in the calculation of
RMCP.

1 Resources that are self-scheduled for energy but do not have an available bandwidth
above the self-scheduled value and below the applicable maximum greater than or
equal to twice the regulation offer cannot be evaluated for the full amount of the offer.
Such resources will be evaluated for regulating capability equal to half the bandwidth
available.

3.2.3 Regulation Bilateral Transactions

1 Bilateral regulation transactions may be reported to PJM. Such reported bilateral
regulation transactions must be for the physical transfer of regulation and must be
reported by the buyer and subsequently confirmed by the seller through the eMKT
System no later than 1600 the day after the transaction starts. Bilateral transactions
that have been reported and confirmed may not be changed; they must be deleted
and re-reported. Deletion of a reported bilateral transaction is interpreted as a
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change in the end time of the transaction to the current hour, unless the transaction
has not yet started.

1 The buyer on the transaction submits the MW amount, the seller, and the start and
end time of the transaction via the eMKT System. The seller confirms the transaction
via the eMKT System by 1600 the day after the start date of the bilateral transaction.

1 Payments and related charges associated with the bilateral regulation transactions
reported to PJM shall be arranged between the parties to the bilateral contract.

1 A buyer under a bilateral regulation contract reported to PJM agrees that it
guarantees and indemnifies PJM, PJM Settlement, and the market participants for
the costs of any purchases by the seller in the Regulation Market, as determined by
PJM, to supply the reported bilateral transaction and for which payment is not made
to PJM Settlement by the seller.
1 Upon any default in obligations to PJM or PJM Settlement by a Market Participant,
PJM shall not accept any new bilateral reporting by the Market Participant and shall
terminate all of the market participantds r e

with its bilateral regulation transactions previously reported to PJM for all days where
delivery had not yet occurred.

3.2.4 Reqgulation Requirement Determination

1 The total PIM Regulation Requirement for the PIJM RTO is determined in whole MW
for the on-peak (0500 1 2359) and off-peak (0000 i 0459) periods of day.

1 The PJM RTO on-peak Regulation Requirement is equal to 1% of the forecast peak
load for the PIJM RTO for the day. The PIJM RTO off-peak Regulation Requirement is
equal to 1% of the forecast valley load for the PIM RTO for the day.

1 The requirement percentage may be adjusted by the PJM Interconnection, if the
adjustment is consistent with the maintenance of NERC control standards.

3.2.5 Regulation Obligation Fulfillment
1 LSEs may fulfill their regulation obligations by:
1 Selfscheduling the entityds own resources,;
1 Entering contractual arrangements with other market participants; or

1 Purchasing regulation from the regulation market.

3.2.6 Regulation Offer Period

1 Resource owners wishing to sell regulation service must at least supply a cost-based
regulation offer price by 6:00 p.m. the day prior to operation, and the remainder of
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the necessary data prior to Regulation market closing as stated above in the
Regulation Market Date Timeline section.

Regulation offers are locked as of 6:00 p.m. the day prior to operation. The Markets
Database is generally unavailable for entry between 12 noon and 4:00 p.m. the day
prior to operation while the Day-ahead market is being cleared. All resources listed
as available for regulation with no offer price have their offer prices set to zero.

3.2.7 Regulation Market Clearing

1

PJM clears the regulation market simultaneously with the synchronized reserve
market, and posts the results no later than 30 minutes prior to the start of the
operating hour.

PJM utilizes the Three Pivotal Supplier (TPS) Test in the regulation market to
mitigate market power as detailed in section 3.2.2A.1 of the PIM Tariff. Each
supplier, from 1 to n, is ranked from the largest to the smallest offered MW of eligible
regulation supply in each hour. Suppliers are then tested in order, starting with the
three largest suppliers. In each iteration of the test, the two largest suppliers are
combined with a third supplier, and the combined supply is subtracted from total
effective supply. The resulting net amount of eligible supply is divided by the
regulation requirement for the hour (D). Where j defines the supplier being tested in
combination with the two largest suppliers (initially the third largest supplier with j=3).
Equation 0-1 shows the formula for the residual supply index for three pivotal
suppliers (RSI3):

Equation 0-1 Calculating the three pivotal supplier test

n 2
as- as-s
RSB, = =L 12 :
D
Where j=3, if RSI3; is less than or equal to 1.0, then the three suppliers are jointly
pivotal and the suppliers being tested fail the three pivotal supplier test. Iterations of
the test continue until the combination of the two largest suppliers and a supplier j
result in RSI3; greater than 1.0. When the result of this process is that RSI3; is
greater than 1.0, the remaining suppliers pass the test. Any resource owner that fails
the TPS Test will be offer-capped.

Regulating resources are offer-capped at the lesser of their cost-based or market-
based regulation offer price.

An offer-capped resource will only be offer-capped for a single hour at a time as the
TPS Test is rerun for each hour of the day.

Resource merit order price ($/MWh) = Resource regulation offer + estimated
resource opportunity cost per MWh of capability

Opportunity cost for Demand Resources will be zero.
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1 Demand Resources will be limited to providing 25% of the regulation requirement.
1 Estimated resource opportunity cost is calculated as follows:

o The Synchronized Reserve and Regulation Optimizer (SPREGO) optimizes
resource energy schedules and forecasts LMPs for the operating hour while
respecting appropriate transmission constraints and Ancillary Service
requirements..

o SPREGO utilizes the lesser of the available price-based energy schedule or most
expensive availablecosttb ased energy schedule (the Al o
energy schedul edo), and f or e anatedtoppdrtudiyMPs t o
cost each resource would incur if it adjusted its output as necessary to provide its
full amount of regulation. Regulation opportunity cost is divided into three
components.

st
d

o The lost opportunity cost incurred in the shoulder hour preceding the initial
regulating hour while the unit moves uneconomically into its regulating band to
comply with the next hourés regulation assi

o The lost opportunity cost incurred in the actual regulating hour from reducing or
rai si ng t he nacanonticallgforthea pugaese of providing regulation.

o The lost opportunity cost incurred in the shoulder hour following the final hour of
the regulation assignment while the unit moves from its uneconomic regulation
set point back to its economic set point.

o The approximate formula for the lost opportunity incurred during the shoulder
hours can be defined as:

I[LMPsy i ED| * GENOFF * TIME, where:

a. LMPgy is the forecasted shoulder hour LMP at the generator
bus,

b. ED is the price from the lost opportunity cost energy schedule
associated with the setpoint the resource must maintain to provide its
full amount of regulation, and

C. GENOFF is the MW deviation between economic dispatch and
the regulation setpoint.

d. TIME is the percentage of the hour it would take the unit to
reduce GENOFF MWs using the applicable bid-in ramp rate.

o The approximate formula for the lost opportunity cost incurred during the
regulating hour is:

ILMP i ED| * GENOFF, where:
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a. LMP is the forecasted hourly LMP at the generator bus,

b. ED is the price from the lost opportunity cost energy schedule
associated with the setpoint the resource must maintain to
provide its full amount of regulation, and

C. GENOFF is the MW deviation between economic dispatch and
the regulation setpoint.

Both lost opportunity cost calculations are defined simplistically for the purpose of the

manual. The actual calculations are integrations that may be visualized as the area on a

graph enclosed by the lost opportunity cost energy schedule, the points on that curve

correspondingtot he resourcebs desired economic dispatch
provide the full amount of regulation, and the LMP.

SPREGO ranks all available regulating resources in ascending merit order price, and
simultaneously determines the least expensive set of resources necessary to provide
energy, regulation and synchronized reserve for the operating hour taking into account any
resources self-scheduled to provide any of these services. Should the SPREGO application
be unable to fulfill both the Regulation and Synchronized Reserve requirements, regulation
receives the higher priority.

PJM may call on resources not otherwise scheduled to run in order to provide regulation, in
accordance with PIJM's obligation to minimize the total cost of energy, operating reserves,
regulation, and other ancillary services. If a resource is called on by PJM for the purpose of
providing regulation, the resource is guaranteed recovery of Regulation lost opportunity

| costs as well as start-up, -no-load, and energy costs. -Please refer to Manual 28: Operating
Agreement Accounting for additional settlements details. Energy resources that are self-
scheduled to provide energy and do not supply an energy bid have no opportunity cost
associated with providing regulation.

1 The highest merit order price becomes the Regulation Market Clearing Price for that
hour.

1 The hourly RMCPs are posted in the eMKT user interface public view. RMCP and
other billing determinant information is also available on the PIJM website at
http:/imwww.pjm.com/markets-and-operations/market-settlements/preliminary-billing-
reports.aspx

1 If no Regulation Market Results are posted to the eMKT MUI for an hour, PIM will
continue the current assignments, as needed, into the un-posted hour and the RMCP
from the previous hour will be used for settlement.

3.2.8 Hydro Units

1 Since hydro units operate on a schedule and do not have an energy bid, opportunity
cost for these units is calculated as follows:

1 The formula is the same as the Regulation Market Clearing Section above, except
the ED value is an average of the LMP at the hydro unit bus for the appropriate on-
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peak (0700 - 2259) or off-peak (0000 i 0659, 2300 - 2359) period, excluding those
hours during which all available units at the hydro plant were operating. If this
average LMP value is higher than the actual LMP at the generator bus, the
opportunity cost is zero. Day-ahead LMPs are used for the purpose of estimating
opportunity costs for hydro units, and actual LMPs are used in the after-the-fact
settlement.

If a hydro unit is brought on out of schedule to provide regulation, the opportunity
cost is equal to the average LMP (calculated as stated above) minus the actual LMP
at the generator bus. If the actual LMP is higher than the average, the opportunity
cost is zero.

During those hours when a hydro unit is in spill, the ED value is set to zero such that
the opportunity cost is based on the full value of LMP. During the operating day, the
operating company is responsible for communicating this condition to the PJM
Scheduling Coordinator, and indicating this condition on the Regulation Updates
page of the eMKT System.

When determined to be economically beneficial, PJM maintains the authority to
adjust hydro unit schedules for those units scheduled by the owner if the owner has
also submitted a regulation offer for those units and made the units available for
regulation.

An example of Regulation Hydro Lost Opportunity Cost Calculations can be found on
the PIJM website at http://www.pjm.com/markets-and-operations/ancillary-
services/mkt-based-regulation.aspx

3.2.9 Regulation Market Operations

1

The PJM Operator maintains total Regulation Zonal capabilities within a +/- 2%, but
no less than +/- 15MW bandwidth around the RTO Regulation Requirement.

The PJM Operator periodically evaluates the set of resources providing regulation,
and makes any adjustments to regulation assignments deemed necessary and
appropriate to minimize the overall cost of regulation.

In the event of a regulation excess, the PIM dispatcher deselects resources
beginning with the highest cost resource currently providing regulation and moving
downward.

In the event of a regulation deficiency, the PIM dispatcher selects resources to
provide regulation beginning with the lowest cost resource currently not providing
regulation and moving upward.

The RMCP does not change based upon regulating resource adjustments made in
real time. Any opportunity costs that exceed the RMCP are credited after the fact on
a resource-specific basis.
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1 The PJM Energy Management System (EMS) sends one Control Area Regulation
signal to each Local Control Center (LCC), as well as signals to individual resources
or plants as requested by the owner.

1 The PJM Operator communicates any change in resource regulating assignments to
individual Local Control Centers. Company total in-service regulating capabilities are
then telemetered back to the PJM EMS via the PJM data link.

1 Resource regulation assignment changes during transitions between on-peak and
off-peak periods begin 30 minutes prior to the new period, and are completed no
later than 30 minutes after the period begins.

3.2.10 Settlements

1 Please refer to Manual 28: Operating Agreement Accounting, Section 4: Regulation
Accounting for settlement details.

1 Regulation settlement is a zero-sum calculation based on the regulation provided to
the market by generation owners and purchased from the market by LSEs.

1 Opportunity cost is calculated as shown above in Market Clearing using actual
integrated LMPs as opposed to that which was forecasted. PJM then adjusts the
opportunity cost calculated for each resource based on the actual hourly integrated
value of the real-time PJM regulation signal to account for the fact that the resource
may have been held above or below its regulation setpoint for greater than half the
hour.

1 Energy resources that are self-scheduled to provide energy and do not supply an
energy bid are not eligible to collect opportunity cost credits. These resources will
receive credit equal to the RMCP times the amount of regulation self-scheduled on
or assigned to them.
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Section 4: Overview of the PJM Synchronized Reserve Market

Welcome to the Overview of the PIJM Synchronized Reserve Market section of the PJM
Manual for Energy & Ancillary Services Market Operations. In this section, you will find
the following information:

1 An overview description of the POMrvi®&yohchroni

PJM Synchronized Reserve Marketo ) .

T A list of the PJM Synchronized RW®serve
Synchronized Reserve Market Business Ruleso ) .

4.1 Overview of the PIJM Synchronized Reserve Market

The PJM Synchronized Reserve Market provides PJM participants with a market-based
system for the purchase and sale of the Synchronized Reserve ancillary service. Resource
owners submit resource-specific offers to provide Synchronized Reserve, and PJM utilizes
these offers together with energy offers and resource schedules from the eMKT System, as
input data to the Synchronized Reserve and Regulation Optimizer (SPREGO). SPREGO
then optimizes the RTO dispatch profile and forecasts LMPs to calculate an hourly
Synchronized Reserve Market Clearing Price (SRMCP). This clearing price is then used to
determine the credits awarded to providers and charges allocated to purchasers of the
Synchronized Reserve service.

PJM uses forecasted LMPs and resource schedules from the Synchronized Reserve and
Regulation Optimizer (SPREGO) to estimate the amount of incidental Synchronized
Reserve present on the PJM system due to economic dispatch and this capability is
designated as Tier 1. Tier 1 is provided by any resource that is on line, following economic
dispatch, and capable of increasing its output within ten (10) minutes following a call for
Synchronized Reserve. If the amount of Tier 1 estimated for a given hour is insufficient to
meet the PJM Synchronized Reserve Requirement, PJM must assign resources to operate
at a point that deviates from economic dispatch in order to provide the remainder of the
requirement. The extra capacity that must be committed is designated Tier 2. The
acquisition of Tier 2 reserves is performed jointly with regulation and energy through a
simultaneous co-optimization that provides the lowest cost alternative for the procurement of
Ancillary Services and energy for that hour of the operating day. Within the co-optimization,
an RTO dispatch profile is forecasted along with LMPs for that hour. Using the dispatch
profile and forecasted LMPs, an opportunity cost (including energy usage) is estimated for
each resource that is eligible to provide Tier 2 synchronized reserve. Demand resources
have an estimated opportunity cost of zero. This estimated opportunity cost is then added to
the synchronized reserve offer price to create the merit order price. All available Tier 2
synchronized reserve resources are then ranked in ascending order of their merit order
prices, and the lowest cost set of resources necessary to simultaneously meet the PIJM
Synchronized Reserve Requirement, PJM Regulation Requirement, and provide energy that
hour is determined. The highest merit order price associated with this lowest cost set of
resources awarded Tier 2 synchronized reserve becomes the SRMCP for that hour of the
operating day. Resource owners may self-schedule Synchronized Reserve on any qualified
resource, and the merit order price for any self-scheduled Synchronized Reserve resource is

PIM © 20412012 63
Revision 4849, Effective Date: 10/20/2011 01/01/2012

Mar k e



B

Manual 11: Energy & Ancillary Services Market Operations
Section 4: Overview of the PJM Synchronized Reserve Market

set to zero. PJM simultaneously optimizes energy, Regulation and Synchronized Reserve,
and assigns both Regulation and Synchronized Reserve to the most cost-effective set of
resources each hour of the operating day.

In the after-the-fact settlement, any resources self-scheduled to provide Synchronized
Reserve are compensated at the hourly SRMCP. Any pool-scheduled resources selected to
provide Synchronized Reserve are compensated at the higher of the hourly SRMCP or their
real-time opportunity cost plus their Synchronized Reserve offer price. LSEs required to
purchase Synchronized Reserve are charged the hourly SRMCP plus their percentage
share of opportunity cost credits and Tier 1 credits.

4.2 PJM Synchronized Reserve Market Business Rules

4.2.1 Synchronized Reserve Market Eligibility

1 Synchronized Reserve offers may be submitted only for those resources located
electrically within the Synchronized Reserve Zone.

1 Resources participating in the synchronized reserve market are divided into two
Tiers:

1 Tier 1is comprised of all those resources on line following economic dispatch and
able to ramp up from their current output in response to a synchronized reserve
event, or demand resources capable of reducing load within 10 minutes.

1 Tier 2 consists of:

o that additional capacity that is synchronized to the grid and operating at a point
that deviates from economic dispatch (including condensing mode) to provide
additional spinning synchronized reserve not available from Tier 1 resources; and

o dispatchable load resources that have controls in place to automatically drop
load in response to a signal from PJM.

1 All resources operating on the PJM system with the exception of those assigned as
Tier 2 resources are by definition Tier 1 resources. Any resource capable of
operating in condensing mode or willing to operate with an output less than that
dictated by economic dispatch may participate as a Tier 2 resource. There is no
gualification process for Tier 2 resources. However, consequences exist as
described below for response by Tier 2 resources that are less than that which is
committed.

1 The following information must be supplied through the eMKT System:

o Synchronized Reserve Ramp Rate for Tier 1 resources (MW/minute). A separate
rate may be submitted for multiple segments
these rates must be greater than or equal to the real-time economic ramp rate(s)
submitted for the resource. Synchronized reserve ramp rates that exceed
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economic ramp rates must be justified via submission of actual data from past
synchronized reserve events to the PIM Performance Compliance Department.

o Synchronized reserve maximum for Tier 1 resources. This value represents the
maximum MW output a resource can achieve in response to a synchronized
reserve event. Synchronized reserve maximum must be greater than or equal to
the economic maximum for the resource except for qualified resources that have
been granted exception due to their physical limitation.

o Generation resources must be able to provide 0.1 MW of Tier2 Synchronized
Reserve Capability in order to participate in the Tier2 Synchronized Reserve
Market. Demand Resources must be able to provide 0.1 MW of Tier2
Synchronized Reserve Capability in order to participate in the Tier2
Synchronized Reserve Market.

o Synchronized Reserve Availability for Tier 2 resources. Resources may be made
available, unavailable, or self-scheduled to provide Tier 2 synchronized reserve.

o Synchronized Reserve Offer Quantity for Tier 2 resources (MW). This quantity is
defined as the increase in output achievable by the resource in ten (10) minutes,
or the load reduction achievable in ten (10) minutes.

o Synchronized Offer Price for Tier 2 resources ($/MWh). Synchronized Reserve
Of fer Prices will be capped at a maxi mum va
determined by the Cost Development Task Force) plus $7.50/MWh margin.

o Energy use for condensing Tier 2 resources (MW). This is the amount of
instantaneous energy a condensing resource consumes while operating in the
condensing mode. The value submitted as part of the synchronized reserve offer
must be less than or equal to the actual energy consumed as observed in real
time.

o Should a resource wish not to participant in the Synchronized Reserve market in
any given hours on the operating day, the following update should be made at
least 60 minutes prior to the operating hour in the Synchronized Reserve Update
screens of eMKT:

i Set Offer MW to zero
U Set Available status to Not Available.

o Condense to gen cost. This is the cost of transitioning a condenser to the
generating mode. The value submitted for this cost must be less than or equal to

the condensing start cost.

o Shutdown Costs. These are the costs a Demand Resource incurs when reducing
load in response to a synchronized reserve event.
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o Condense Startup Cost. This is the actual cost associated with getting a resource
from a completely off-line state into the condensing mode including fuel, O&M,
etc.

o Condense Hourly Cost. This is the hourly cost to condense is equal to the actual,
variable O&M costs associated with operating a resource in the condensing
mode, including any fuel costs. It does not include any estimate for energy
consumed

o Condense Notification Time. The amount of advance notice, in hours, required to
notify the operating company to prepare the resource to operate in synchronous
condensing mode. The default value is O hours.

o Spin as Condenser. This is used to identify if a combustion turbine can be
committed for synchronized reserve as a condenser.

o Tier 1 estimates for Demand Resources will equal zero.

4.2.3 Synchronized Reserve Requirement Determination

PJM will select resources in each Synchronized Reserve Zone hourly to provide
synchronized reserve based on a co-optimization between energy, regulation and
synchronized reserve. Assignments will be communicated to the resource owners/operators
by eMKT or the appropriate dispatcher.

The RTO will be arranged into two (2) Synchronized Reserve Zones. All companies within
PJM, excluding the SERC companies, are part of the ReliabilityFirst Corporation (RFC)
reliability region and will thus be grouped together into a single synchronized reserve zone.
The SERC companies are part of a separate reserve sharing agreement and therefore
comprise a second synchronized reserve zone. The two (2) synchronized reserve zones
contain the following control zones:

RFC Synchronized Reserve Zone:

1 PJIM Mid-Atlantic
17 AP
1 AEP
1 ATSI
1 Dayton
1 Duquesne
1_CE
1 DEOK
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Southern (Dominion) Synchronized Reserve Zone:
1 Dominion

Total PIJM Synchronized Reserve Requirement for each Synchronized Reserve Zone is
determined in whole MW for each hour of the operating day.

The RFC Synchronized Reserve Zone Requirement is defined as that amount of 10-minute
reserve that must be synchronized to the grid. The requirement will be defined as the
greater of the ReliabilityFirst Corporation (RFC) imposed minimum requirement or the
largest contingency on the system.

The Southern Synchronized Reserve Zone Requirement is defined as the Dominion load
ratio share of the largest system contingency within VACAR; minus the available 15 minute
quick start capability within the Southern Synchronized Reserve Zone.

1 North American Electric Reliability Council (NERC) standards may impose greater
requirements for synchronized reserve following Disturbance Control Standard
(DCS) violations. Any such impositions will be incorporated as an increase to the
overall control zone synchronized reserve requirement.

Due to transmission security considerations on the PJM system, it is sometimes necessary
to carry a minimum amount of synchronized reserve in specific sub-zones in PJM such that
loading 100% synchronized reserve will not result in an overload of any of the PJM transfer
interfaces. The Mid-Atlantic Sub-Zone is defined in the Synchronized Reserve Market to
ensure that reserves are available in or deliverable to the eastern part of the system under
constrained conditions. The Mid-Atlantic Sub-Zone is defined by the most limiting monitored
transfer interfaces. The interface modeled in SPREGO may be revised by PJM to match
operation and meet the system reliability needs.

Certain topology configurations on the system may result in single contingencies that
exceed what was previously defined as the Synchronized Reserve Requirement. During
these periods, PJM may increase the Synchronized Reserve Requirement to accommodate
the larger single contingency. Under most conditions, the increased Synchronized Reserve
Requirement will be 75% of the larger single contingency during the off-peak period (0000 i
0459) and 100% of the larger single contingency during the on-peak period (0500 i 2359).
This value may be further adjusted by PJM to meet the system reliability needs.

4.2.4 Synchronized Reserve Obligation Fulfillment

1 Each Load Serving Entity (LSE) on the PIJM system incurs a synchronized reserve
obligation in kWh based on their real-time load ratio share and the Synchronized
Reserve Zone total assigned MW. During hours when the Synchronized Reserve
Market Clearing Price (SRMCP) is the same throughout the Synchronized Reserve

Zone, an LSEO6s synchronized reserve obligati

the amount of synchronized reserve assigned for the Synchronized Reserve Zone.
During hours when congestion causes Synchronized Reserve Market Clearing
Prices (SRMCP) to separate each LSEG®6s
within its sub-zone times the amount of synchronized reserve assigned in that sub-
zone. Any PJM market participant may incur or fulfill a synchronized reserve
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obligation through the execution of a bilateral synchronized reserve transaction as
described below.

Participants may fulfill their synchronized reserve obligations by:

o Owning Tier 1 resources from which the Synchronized Reserve Zone obtains
synchronized reserve;

o Self-scheduling owned Tier 2 resources;
o Entering bilateral arrangements with other market participants; or

o Purchasing synchronized reserves from the market.

4.2.5 Synchronized Reserve Offer Period

1

Synchronized Reserve offer prices for Tier 2 resources and Synchronized Reserve
Ramp Rates are locked as of 1800 hours on the day proceeding the operating day.
All resources listed as available for Tier 2 synchronized reserve with no offer price
have their offer prices set to zero.

The following information may be submitted and/or changed up until 60 minutes prior
to the start of the operating hour, at which time the Synchronized Reserve Market
closes:

o Synchronized Reserve Availability for Tier 2 resources
o Synchronized Reserve Offer Quantity (MW)

o Synchronized Reserve Maximum (This parameter is called Spin Max on the
eMKT Synchronized Reserve Hourly Updates screen)

In general, generation owners may not self-schedule synchronized reserve
resources after 60 minutes prior to the operating hour when the Synchronized
Reserve Market closes. However, the following exceptions exist: if a generation
owner has a resource that was either self-scheduled or pool-assigned to provide Tier
2 Synchronized Reserve and subsequent to either being self-scheduled or assigned
that resource becomes unavailable to provide such amount of Synchronized
Reserve, the generation owner has the option of self-scheduling another resource in
order to make up the shortfall. Also, a resource that was unavailable for energy and
therefore not evaluated as part of the Synchronized Reserve Market clearing
becomes available during the operating hour, that resource may be self-scheduled to
provide Synchronized Reserve at that time.

4.2.6 Bilateral Synchronized Reserve Transactions

1 Bilateral synchronized reserve transactions may be reported to PJM. Such reported
bilateral synchronized reserve transactions must be for the physical transfer of
PJM © 20112012 68
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synchronized reserve and must be reported by the buyer and subsequently
confirmed by the seller through the eMKT System no later than 16:00 the day after
the transaction starts. Bilateral transactions that have been reported and confirmed
may not be changed; they must be deleted and re-reported. Deletion of a reported
bilateral transaction after its start time has passed will result in a change in the end
time of the transaction to the current hour.

1 Bilateral synchronized reserve transactions reported to PJM may be entered either in
MW or as a percentage of attidipantspiillalsobeaser 6s obl |
required to indicate the reserve zone for which the transaction is applicable.

1 Payments and related charges associated with the bilateral synchronized reserve
transactions reported to PJM shall be arranged between the parties to the bilateral
contract.

1 A buyer under a bilateral synchronized reserve transaction reported to PJM agrees
that it guarantees and indemnifies PIJM, PJM Settlement, and the market participants
for the costs of any purchases by the seller in the Synchronized Reserve Market, as
determined by PJM, to supply the reported bilateral transaction and for which
payment is not made to PJM Settlement by the seller.

1 Upon any default in obligations to PIJM or PJM Settlement by a Market Participant,
PJM shall not accept any new bilateral reporting by the Market Participant and shall
terminate all of the market participantds r e
with its bilateral synchronized reserve transactions previously reported to PIM for all
days where delivery had not yet occurred.

1 PJM calculates and posts Synchronized Reserve Zone preliminary billing data on
which market participants can use as a resource for pricing bilateral synchronized
reserve transactions. The information can be found on the pjm website at
http://www.pjm.com/markets-and-operations/market-settlements/preliminary-billing-

reports.aspx.

4.2.7 Synchronized Reserve Market Clearing

1 PJIM clears the synchronized reserve market on an hourly basis. The following is the
timeline by which this hourly clearing is accomplished:

1 90 minutes prior to the start of each hour, PJM posts the estimates for the
amount of Tier 1 synchronized reserve that will be available on each resource. PIM
posts this information on the eMKT System such that each generation owner is able
to view the Tier 1 assigned for each of the

1 60 minutes prior to the start of each hour, each generation owner is required to
identify those resources that are to be self-scheduled to provide synchronized
reserve and for what quantity, if this information has changed from the previous hour.

1 30 minutes prior to the start of each hour, PJM re-estimates the amount of Tier 1
synchronized reserve available on each resource simultaneously clears the
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synchronized reserve and regulation markets, and posts regulation market clearing
prices, synchronized reserve market clearing prices and Tier 2 assignments, based
on the remaining requirement not met by Tier 1 and self-scheduled Tier 2. If the
available Tier 1 is sufficient to meet the synchronized reserve requirement, self-
scheduled Tier 2 offers will not clear, no Tier 2 will be assigned, and the Tier 2
clearing price will be zero. If Tier 1 and self-scheduled Tier 2 resources are sufficient
to meet the synchronized reserve requirement, the Tier 2 clearing price is zero and
no Tier 2 pool-scheduled assignments are made (Tier 2 self-scheduled resources
are committed and obligated to respond to a synchronized reserve event). If the
available Tier 1 and self-scheduled Tier 2 are not sufficient to meet the requirement,
the Tier 2 clearing price is set equal to the merit order price of the highest cost Tier 2
resource necessary to meet the remaining requirement. Should regulation and
synchronized reserve capacity be insufficient to meet both requirements, regulation
will receive the higher priority in the market clearing.

Resource merit order price ($/MWh) = Resource synchronized reserve offer + estimated
resource opportunity cost per MWh of capability + energy use per MWh of capability

The resource synchronized reserve offer is that which is submitted by the owner via the
eMKT System by 1800 hours on the day preceding the operating day.

Estimated resource opportunity cost for condensing CTs is calculated as follows:

O.C.= [positive (forecast LMP i energy offer price)] x MW capability / synchronized reserve capability

Estimated resource opportunity cost for non-condensing resources is calculated as follows:

O.C. =|LMP i ED| x GENOFF, where:
LMP is the forecasted hourly LMP at the generator bus,

ED is the price associated with the setpoint the resource must maintain to provide its
assigned amount of synchronized reserve, and

GENOFF is the MW amount of synchronized provided.
This formula is somewhat simplistic. The actual calculation is an integration that may be
visualized as the area on a graph encl osed

t hat curve corr es p o nedirechegonami digpdich and thessetpointc e 6 s
necessary to provide the assigned amount of synchronized reserve, and the LMP.

Energy use for each condensing resource is entered in MW by the owner via the eMKT
System as part of the synchronized reserve offer. Estimated energy use is calculated as part
of the merit order price as follows:

E.U. =forecast LMP x energy use MW / synchronized reserve capability

For each of these calculations, forecast LMP is the result of the 1-hour look-ahead provided
by the Unit Dispatch Tool.

Energy resources for which an energy offer is not submitted will be ineligible for opportunity
cost credit.

The opportunity cost for a Demand Resource is zero.
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1

PJM may call on resources not otherwise scheduled to run in order to provide
synchronized reserve, in accordance with PJM's obligation to minimize the total cost
of energy, operating reserves, regulation, and other ancillary services. If a resource
is called on by PJM for the purpose of providing synchronized reserve, the resource
is guaranteed recovery of synchronized reserve lost opportunity costs as well as
start-up, no-load and energy costs. Please refer to Manual 28: Operating Agreement
Accounting for additional settlements details.

Due to transmission considerations on the PJM system, it is sometimes necessary to
carry a minimum amount of synchronized reserve in specific areas in PJM such that
loading 100% synchronized reserve will not result in an overload of any of the PIM
transfer interfaces. The goal is to minimize the cost of synchronized reserve such
that given current system conditions, the flow on binding transmission constraints is
not increased after a synchronized reserve event is initiated and the associated
response is achieved. Therefore, PIM clears the Tier 2 market based on this
locational synchronized reserve requirement and calculates sub-zonal Tier 2 clearing
prices. Whenever the locational synchronized reserve constraint is not binding, the
clearing prices are equal. However, when more synchronized reserve is required in a
given area than would have been assigned without this requirement, the clearing
prices will separate. Resources will be identified and receive the applicable clearing
price based on their location with respect to the binding constraint(s). That is,
resources for which synchronized reserve response would help the constraint will
receive the higher clearing price, whereas resources for which synchronized reserve
response would aggravate the constraint will receive the lower clearing price.
Analysis to determine the location of generation and load buses with respect to the
binding constraint is performed with each quarterly network model update. The Mid-
Atlantic sub-zone list resulting from this analysis can be found on the PIJM Web site
at http://www.pjm.com/markets-and-operations/ancillary-services/synchronized-
service.aspx.

The hourly Tier 2 clearing prices are posted on the eMKT user interface for public
view.

If no Synchronized Reserve Market Results are posted to the eMKT MUI for an hour,
PJM will continue the current assignments, as needed, into the un-posted hour and
the SRMCP from the previous hour will be used for settlement.

4.2.8 Hydro Units

1

Hydro units condensing to provide synchronized reserve during times when they
were not scheduled to generate incur no opportunity cost. There may or may not be
an energy use component, as indicated by the owner as part of the synchronized
reserve offer.

If a hydro unit is held off line or reduced to provide synchronized reserve during a
time when it was scheduled to generate, it will incur opportunity cost. Since hydro
units operate on a schedule and do not have an energy bid, opportunity cost for
these units is calculated as follows:
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o The formula is the same as that s hto wn

Cl earQ.Grg|bMP i ED| x GENOFF, except the ED value is the average
value of the LMP at the hydro unit bus for the appropriate on-peak (07001 2259)
or off-peak (0000 i 0659, 2300 - 2359)period, excluding those hours during
which all available units at the hydro plant were operating. Day-ahead values are
used for the purposes of assigning Tier 2 resources, and actual LMPs are used
in the after-the-fact settlement. If the average LMP value is higher than the actual
LMP at the generator bus, the opportunity cost is zero.

o During those hours when a hydro unit is in spill, the ED value is set to zero such
that the opportunity cost is based on the full value of LMP. During the operating
day, the operating company is responsible for communicating this condition on
the Regulation Hourly Updates page in the eMKT System.

1 When determined to be economically beneficial, PJM maintains the authority to
adjust hydro unit schedules for those units scheduled by the owner if the owner has
also submitted a synchronized reserve offer for those units and made the units
available for spin.

4.2 .9 Demand Resources

1 Demand Resources providing Synchronized Reserve are required to provide
metering information at no less than a one minute scan surrounding a synchronized
reserve event.

1 Metering information for demand resources is not required to be sent to PJM in real
time. Daily uploads at the close of the next business day after the operating day, if an
event has occurred are sufficient.

1 Demand Resources are limited to providing 25% of the Synchronized Reserve
requirement.

9 Demand Resources that are considered t
providing 20% of the Synchronized Reserve requirement. If PJM determines that
satisfying 20 percent of the Synchronized Reserve requirement from Batch Load
Demand Resources is causing or may cause a reliability degradation, PJM may
reduce the percentage of the requirement that may be satisfied by Batch Load
Demand Resources in any hour to as low as 10 percent.

1 Demand Resources must complete initial and continuing training on Regulation and
Synchronized Reserve Markets as documented in Manual 40: Certification and
Training Requirements, Section 2.6: Training Requirements for Demand Response
Resources Supplying Regulation and Synchronized Reserve.

4.2.10 Synchronized Reserve Market Operations

1 The PJM Operator maintains the total Synchronized Reserve Zone Capability equal
to the Synchronized Reserve Zone synchronized reserve requirement.
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1 The PJM Operator evaluates the set of resources providing synchronized reserve on
an hourly basis, and assigns the most cost-effective set of Tier 2 resources
necessary to fulfill the requirement.
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1 The hourly Tier 2 clearing price is fixed once calculated and posted. Any opportunity
cost or energy use that exceeds the clearing price is credited after-the-fact on a
resource-specific basis.

1 The PJM Operator communicates Tier 2 condenser assignments to individual Local
Control Centers via telephone.

4.2.11 Settlements

1 Please refer to Manual 28: Operating Agreement Accounting, Section 6:
Synchronized Reserve Accounting for settlement details.

1 Synchronized Reserve settlement is a zero-sum calculation based on the
synchronized reserve provided to the market by generation owners and purchased
from the market by participants.

1 Tier 1 credits will be awarded to each eligible resource for response up to 110% of
the resourceds capability based on the synch
by the r es our-ahead. Creditsvoirdividudl aegources may be awarded
for response greater than 110% of stated capability if other Tier 1 resources under-
respond. Credits for response in excess of 110% of capability will be awarded on a
pro-rata basis such that the aggregate Tier 1 credits awarded do not exceed 110% of
the total possible credits based on the aggregate capability of all eligible Tier 1
resources.

1 Resources providing regulation at the initiation of a synchronized reserve event will

be compensated for Tier 1 response. Tier 1 response is calculated according to the
following formula:

§[ma>(0, integratec(Output— min (EcoMax,RegHighLimt)))]

a
Iy . ]
i€ aa emm(EcolVIax RegHighLinit, Output) 004 , where
i ema@,@tegrated u88J’I‘
i6 ¢¢ |In|t|aIOutput-(23 RegMW) y__gy
¢ Final Output is the resourceb6s greatest tele
after synchronized reserve event is initiated
9 Initial Output is the resourcebds |l owest tele

and 1 minute after synchronized reserve event is initiated

1 RegMW is the resourceds assigned amount of r
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As a result of this formula, resources that are assigned regulation when a

synchronized reserve event is initiated will be compensated based on the amount of

response provided beyond their regulation commitment, as well as for any response

in excess of their regulation high limit or economic maximum (whichever is lower.) A
resourcebs regulation maximum commitment wil
regulating range (i.e. i twice the amount of assigned regulation.)

1 Tier 2 synchronized reserve credits are awarded to generation owners that have
either self-scheduled synchronized reserve or sold synchronized reserve into the
market. Synchronized reserve credits for resources self-scheduled to provide
synchronized reserve are equal to Tirer 2 cl e
scheduled synchronized reserve capability. Synchronized reserve credits for
resources that are pool-scheduled to provide synchronized reserve are the higher of:

9 Tier 2 clearing price times the resourceodos a:
or

1 The resourceds synchronized reserve offer ti
capability plus opportunity cost and/or energy use incurred.

1 Opportunity cost and energy use are calculated as shown above in Market Clearing
using actual integrated LMP as opposed to that which was forecasted.

1 Resources that are pool-assigned Tier 2 synchronized reserve (and actual MWh are
less than day-ahead scheduled MWh) and Tier 1 resources that respond to a
synchronized reserve event are therefore exempt from deviations for the purpose of
accumulating operating reserves charges for the hours during which the Tier 2
assignment or Tier 1 response is effective.

4.2.12 Verification

9 The magnitude of each resourceds response to
Tier 1 and Tier 2) is the difference between
event and its output ten minutes after the start of the event. In order to allow for small
fluctuations and possible telemetry delays, resource output at the start of the event is
defined as the lowest telemetered output between one (1) minute prior to and one (1)
minute following the start of the event. Similarly , a resourcedbds output t
after the event is defined as the greatest output achieved between nine (9) and
eleven (11) minutes after the start of the event. All resources (both Tier 1 and Tier 2)
must maintain an output level greater than or equal to that which was achieved as of
ten minutes after the event for the duration of the event or thirty (30) minutes from
the start of the event, whichever is shorter. The response actually credited to a given
resources will be reduced by the amount the MW output of that resource falls below
the level achieved after ten (10) minutes by either the end of the event or after 30
minutes from the start of the event, whichever is shorter.

1 For demand resources that are consideded fAba
of verification will be used for instances where a synchronized reserve event is
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initiated and the resource is operating at the minimum consumption level of its duty

cycle. In this case, the magnitude of the response will be measured as the difference

bet ween (a) the resourced6s consumption at the
maximum consumption within a ten (10) minute period following the event provided

that all subsequent minutes following that minute are no less than 50% of the

consumption in that minute.

4.2.13 Non-Performance

1 There is no consequence for a Tier 1 resource that does not respond with the
amount of synchronized reserve that was expected of it in response to a
synchronized reserve event. Tier 1 resources are simply credited for the amount of
response they provide.

1 Since Tier 2 resources are credited with a capacity payment any time they are
expected to be ready to respond to a synchronized reserve event, failure to provide
that response results i n anllownginstagcastofnom t o Ar
performance. The following consequences exist for a Tier 2 resource that does not
respond with its assigned amount of synchronized reserve:

1 The resource is credited for Tier 2 synchronized reserve capacity in the amount that
actually responded for the contiguous hours the resource was assigned Tier 2
synchronized reserve during which the event occurred, and;

1 The owner of the resource incurs a synchronized reserve obligation in the amount of
the shortfall for the three (3), consecutive, same-peak days occurring at least three
(3) business days following the event. Off-peak days are defined as weekends and
PJM holidays, and on-peak days are all others. Owners of assigned Tier 2 resources
will be permitted to demonstrate aggregate response, such that the total response
from all assigned resources must be greater than or equal to the total assigned
amount of synchronized reserve. This aggregate response will be used when
determining the owneroés additional obligati o

1 In cases where a synchronized reserve event lasts less than 10 minutes, Tier 2
resources are credited with the amount of synchronized reserve capacity they are
assigned. Tier 1 resources are credited with the amount of response provided over
the length of the event, as determined via measurement parallel to that which is
described above in the Verification section. That is, the output of each resource at
the start of the event is defined as the lowest telemetered output between one (1)
minute prior to the start of the event and one (1) minute after the start of the event,
and the output at the end of the event is defined as the greatest telemetered output
between one (1) minute prior to the end of the event and one (1) minute following the
end of the event.

PJM © 20412012 75
Revision 4849, Effective Date: 10/20/2011 01/01/2012



B

Manual 11: Energy & Ancillary Services Market Operations
Section 5: Market Clearing Processes and Tools

Section 5: Market Clearing Processes and Tools

Welcome to the Market Clearing Processes and Tools section of the PIM Manual for
Energy & Ancillary Services Market Operations. In this section you will find the following
information:

1 A description of the PIJM scheduling philosop h'y  (PSh\é Rhilofophyo ) .

1 A description of the tools that are used during the scheduling process (see
fScheduling Toolso ) .

5.1 PIJM Philosophy

The PJM scheduling philosophy in the Day-ahead Energy Market is to schedule generation
to meet the aggregate Demand bids that results in the least-priced generation mix, while
maintaining the reliability of the PJIM RTO. PJM will also schedule additional resources as
needed to satisfy the PJM Load Forecast and the additional Day-ahead Scheduling Reserve
(Operating Reserve) Objective based on minimizing the cost to procure such reserves. PIJM
will also schedule resources based on economics to control potential transmission
limitations that are binding in the Transmission Reliability analysis that is performed in
parallel with and subsequent to the Day-ahead Market analysis. The scheduling process
evaluates the price of each available resource compared with every other available
generating resource. The philosophy for scheduling the PJM RTO requires:

1 Scheduling sufficient generation in the Day-ahead Energy Market to cover aggregate
Demand bids and Day-ahead Scheduling Reserve (Operating Reserve)
requirements calculated as a function of such demand bids

1 Scheduling sufficient generation in the reliability-based analysis subsequent to the
Day-ahead Energy Market to cover the PJM Load Forecast and additional Day-
ahead Scheduling Reserve (Operating Reserve) requirements

1 Scheduling sufficient generation to control potential transmission limitations that are
binding in the Transmission Reliability analysis

1 Scheduling sufficient generation to satisfy the PJM Regulation Requirement, PJM
Synchronized Reserve Requirement, and other ancillary service requirements of the
PJM RTO.

1 Ensuring PJM Members participate in the analysis and elimination of conditions that
threaten the reliable operation of the PJIM RTO

Scheduling of resources by PJM is performed economically on the basis of the prices and
operating characteristics offered by the Market Sellers, using security, constrained dispatch
and continuing until sufficient generation is dispatched in each hour to serve all energy
purchase requirements, as well as the PJM RTO requirements.
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5.2 Scheduling Tools

Analytical scheduling tools exist to assist PJM with the scheduling process. These tools
permit PIM scheduling staff to analyze numerous scheduling scenarios. PJM personnel use
several tools to assist in scheduling the resources for short-term and hourly activities. The
scheduling tools include:

1

1

1

1

PJM Enhanced Energy Scheduler (EES)

PJM eSchedules

Load Forecasting Algorithms

eMKT and Market Database System

Unit Dispatch System (UDS)

Hydro Calculator

Energy Market Technical Software (RSC, SPD and SFT)

PJM Synchronized Reserve and Regulation Scheduling Software (SPREGO)

Transmission Outage Data System

Together these tools recognize the following conditions:

1 Reactive limits
1 Resource constraints
1 Unscheduled power flows
1 Inter-area transfer limits
1 Resource distribution factors
1 Self-Scheduled Resources
1 Limited fuel resources
1 Bilateral Transactions
1 Hydrological constraints
1 Generation requirements
1 Reserve requirements
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5.2.1 Enhanced Energy Scheduler (EES)

The EES program records and manages the interchange of bulk power between the PIM
RTO and other utilities, marketers, and brokers. PIJM personnel use EES to process daily
non-firm (both those electing to curtail due to congestion and those electing to pay
congestion charges) and firm Bilateral Transaction schedules that are submitted by PJM
Members. In general, EES is used to perform the following activities:

g9 Processes PJM Membersoé Bil ater al Transacti on:

1 Validates transaction by verifying transaction rules

Bilateral transactions that are reported to PJM must be for the physical transfer of electric
energy. Payments and related charges associated with such bilateral electric energy
transactions reported to PJM shall be arranged between the parties to the bilateral
transaction. A buyer under a bilateral transaction reported to PJM agrees that it guarantees
and indemnifies PJM, PJM Settlement, and the market participants for the costs of any Spot
Market Backup, as determined by PJM, to supply the reported bilateral transaction and for
which payment is not made to PJM Settlement by the seller. Upon any default in obligations
to PJM or PIM Settlement by a Market Participant, PJM shall not accept any new bilateral
transaction reporting by the Market Participant and shall terminate all of the market
participantds reporting of associated with its &
for all days where delivery had not yet occurred.

5.2.2 PJM eSchedules

PJM eSchedules is an Internet application that is used, among other functions, to report
internal Bilateral Transactions.

5.2.3 Load Forecasting

PJM scheduling staff requires load forecasts for up to ten days in the future. For each day, a
24-hour load shape is needed.

1 The first step in developing a load forecast is to obtain the weather information for
the time period. Weather information is provided to PJM at regular intervals by a
contracted-for weather service. Additional weather data sources include the National
Weather Service, radio news, LSE weather information, and existing local PJIM RTO
conditions.

1 The forecast period is reviewed to determine any conditions that could affect the
PJM RT Od isclutling:a

o Day of week
o Holidays
o Special events

o Daylight savings time changes
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o Internal participant load forecasts
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o Peak |l oads and | oad shapes are determined
retrieves the load data from a historical file and adjusts the forecasts, as needed,
to reflect growth or other discrepancies.

Exhibit 2 presents the typical approach PJM uses to forecast load.

Individual Participant
YLy | \, Review Weather Forecast Lc_'__a__d Forec;fts
T ' Local Conditions e ™~
L by | LSE Weather Information '
| National Weather Service
/ PJM Contracted Weather Service

.

\

Special events
* Daylight Saving Time changes

;- — J
/Review input Look for similiar | Record load on || Adjust per Record Note actual

™ historical day selected day load forecasts | predictions weather load
- N Adjust load as needed

/Al

. . |\ Note other Relevant Factors

i Day of week
._ | Holidays

Exhibit 2: Load Forecasting Process

The load forecasts for each 24-hour period are input in the Marginal Scheduler program.
PJM scheduling staff also posts these forecasts on the OASIS.

5.2.4 Markets Database System
The Markets Database System is a two-part system:

1 The Markets Database stores the basic resource data supplied by the PIM
Members, including operating limits and resource availability.

1 The eMKT Web site that provides the Internet-based user interface that allows
Market participants to submit generation offer data, Demand bids, Increment Offers,
Decrement bids and Regulation Offers, Synchronized Reserve Offers, into the
Markets Database.
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The Markets Database is a very large database that contains information on each
generating resource that operates as part of the PJIM Energy Market, Demand Information,
Increment Offers, Decrement Bids, Regulation Offers, Synchronized Reserve Offers, Day-
ahead Energy Market results, Day-ahead Scheduling Reserve Market Clearing Prices,
Regulation Market Clearing Prices and Synchronized Reserve Market Clearing Prices. A
description of the Markets Database can be found in the Markets Database Dictionary
(http://www.pjm.com/etools/downloads/emkt/market-database-data-dictionary.pdf).

Market participants may access the Markets Database by using the PIJM eMKT Web site via
the Internet using manual entry or bulk upload/download via XML format.
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Please refer to Exhibit 3: Energy Market Daily Timeline.

Exhibit 3: Synchronized Reserve and Regulation Market Daily Timeline
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