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Introduction

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

*  What you can expect from the PJM Manuals in general (see “About PJM Manuals”).
*  What you can expect from this PJM Manual (see “About This Manual”).

* How to use this Manual (see “Using This Manual”).

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

* PJM Energy Market

* Regional Transmission Planning Process
* Reserve

* Accounting and Billing

 PJM administrative services

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

About This Manual

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

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

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

*  PJM Members - Any participants requesting to purchase or sell energy to or from the
PJM Interchange Energy Market or Ancillary Service Markets and any participant that
schedules bilateral sales or purchases.

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

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

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

Revision: 111, Effective Date: 11/19/2020 PJM © 2020 11
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Local Control Center operations support staff - The Local Control Center operations
support staff support the day-ahead and real-time 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:

PJM ExSchedule User Guide

PJM Manual for Transmission Operations(M-03)

PJM Manual for Financial Transmission Rights (M-06)
PJM Manual for Pre-Scheduling Operations (M-10)
PJM Manual for Balancing Operations (M-12)

PJM Manual for Emergency Operations (M-13)

PJM Manual for Generator Operational Requirements (M-14D)
PJM Manual for PJM Capacity Market (M-18)

PJM Manual for Load Forecasting and Analysis (M-19)

PJM Manual for Operating Agreement Accounting (M-28)

PJM Manual for Training and Certification Requirements (M-40)

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 PJM Manuals. The following provides an orientation to the Manual’s structure.

What You Will Find In This Manual

A table of contents that lists three levels of subheadings within each of the sections.

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

Sections containing the specific guidelines, requirements, or procedures including PJM
actions and market participant actions.

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

A section at the end detailing all previous revisions of the PJM Manual.
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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 PJM Manual
for Energy & Ancillary Services Market Operations. In this section you will find the following
information:

* A description of the scope and purpose of scheduling (see “Scope & Purpose of Energy
& Ancillary Services Market Operations”).

» Alist of the PJM responsibilities (see “PJM Responsibilities”).

* Alist of the market participants’ scheduling responsibilities (see “PJM Market Participant
Responsibilities”).

Scope & Purpose of Energy & Ancillary Services Market Operations

Operation of the PJM 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:

* pre-scheduling operations
» scheduling operations and the Day-ahead Energy Market

» dispatching and the Real-time Energy Market

In the PJM 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 and in real-time associated with the Real-time Energy Market and
Ancillary Service Markets.

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 or Fixed Resource Requirement (FRR) Commitment must submit offer data into the
Day-ahead Market and may elect either to Self-Schedule or offer the resource to PJM 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 PJM 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 1100 on the day before the
Operating Day and the Day-ahead Market results are posted by 1330 or as soon as practicable
thereafter 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, PJM:

* Clears 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.

+ Determines 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.

Revision: 111, Effective Date: 11/19/2020 PJM © 2020 13



‘é/ PJM Manual 11: Energy & Ancillary Services Market Operations
Section 1: Overview of Energy & Ancillary Services Market Operations

» Performs hourly scheduling throughout the Operating Day as required.
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, unless otherwise
specified, the terms “LMP” or “Locational Marginal Price” refer to the 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 PJM Responsibilities

In the Day-ahead Market, PJM determines the minimum production cost 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, PJM also schedules resources to:

» 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

* Provide other ancillary services requirements of the market buyers

+ Satisfy all other reliability requirements of the PJM RTO. Specifically, PJM’s
responsibilities to support scheduling activities for all PJM Members include:

o 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.

o0 Post the following information after the Day-ahead Market clears :
- Schedules for Next Day by participant (generation & demand),
- Transaction Schedules,
- Day-ahead LMPs, Day-ahead Congestion Prices, & Day-ahead Loss Prices
- Day-ahead Binding Transmission Constraints,
- Day-ahead Net Tie Schedules,
- Day-ahead Reactive 500 kV Interface Indicator Limits
- PJM Load Forecast,
- Aggregate Demand Bids
- PJM Day-ahead Scheduling Reserve (Operating Reserve) Objective.

Revision: 111, Effective Date: 11/19/2020 PJM © 2020 14



‘é/ PJM Manual 11: Energy & Ancillary Services Market Operations
Section 1: Overview of Energy & Ancillary Services Market Operations

Meet 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

In addition to resource scheduling PJM is also responsible to:

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

Post the updated forecast of PJM 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

Notify PJM stakeholders of any new closed loop interface implementation as far in
advance as possible with a target notice of 5 days prior to the next FTR auction close.
Notification is communicated through posting on www.pjm.com — OASIS System
Information and e-mail to the MIC and OC email distribution lists. Exceptions to this

are limited to estimated short duration planned, emergency or maintenance outages,
(e.g., <10 days) to set price, or to allow Demand Response (DR) to set price if a
transmission limitation exists as defined in the PJM Tariff and Manuals. The posting will
include the interface name, effective date, estimated termination date (if applicable),
whether included in DA model, whether included in the FTR model, conditions when

use is applicable, general description, interface definition/branch names and directions,
whether it will set price for DR, generation, or both and any revision history. PJM will post
interface definition with network model map-able branch names in CSV or XLS format. In
addition PJM will provide notice when PJM is studying if a new closed loop interface may
be defined and any information regarding the modeling of such prospective closed loop
interface.

1.2 PJM Market Participants Responsibilities

Only PJM 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. PJM Members include Market
Buyers and Market Sellers.

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

Metered Market Buyer — 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 Generating Market Buyer.
A Generating 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 Market
Buyer’s load in the PJM RTO or selling energy-related services in the PJM Interchange
Energy Market or elsewhere.

0 The scheduling responsibilities of a Metered Market Buyer are to:
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- Submit forecasts of customer loads for the next Operating Day.
- Submit economic load management agreements to PJM .

- Submit Bilateral Transactions for delivery within the PJM RTO, regardless of
whether the generation is located inside or outside the PJM RTO.

* Unmetered Market Buyer — 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 PJM RTO.

o0 The scheduling responsibilities of an Unmetered Market Buyer are to:

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

- 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.

By definition, all Market Buyers become Market Sellers upon approval of their applications and
therefore carry the responsibilities of Market Sellers outlined below.

1.2.2 Market Sellers

A Market Seller is a PJM Member that demonstrates to PJM 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 PJM that is approved in accordance to the
procedures specified in PJM Manual 33: http://www.pjm.com/~/media/documents/manuals/
m33.ashxAdministrative Services for the PJM Interconnection Operating Agreement.

The scheduling responsibilities of a market seller include:
*  Submit hourly schedules for Self-Scheduled Resource increments.

» Submit a forecast of the availability for the next seven days for each Generation
Capacity Resource committed to RPM or FRR.

+ Submit Offer Data for Generation Capacity Resources committed to RPM or FRR for the
supply of energy to the PJM Day-ahead Energy Market for the next day whether Self-
Scheduled or PJM scheduled.

» Submit schedules for bilateral sales to entities outside the PJM RTO from within the PJM
RTO.

» 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.

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
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that are located within the PJM RTO. An LSE may be a Market Buyer or a Market Seller, as
described above.

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 PJM Interchange Energy
Market by causing a reduction in demand.
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Section 2: Overview of the PJM Energy Markets

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

An overview description of the PJM Energy Markets (see “Overview of PJM Energy
Markets”).

The definition of Locational Marginal Price (see “Definition of Locational Marginal Price”)

A list of the Energy Market Business Rules applicable to Market Buyers and Market
Sellers (see “PJM Energy Market Business Rules”).

A description of the PJM Real-time Locational Marginal Price calculation process (see
“Real-Time Locational Marginal Price (LMP) Calculations”).

A description of the various real time market applications that optimize the various
products on a 5-minute basis (see “Real-Time Market Applications”).

A description of the PJM State Estimator and its use in real time market operations (see
“‘PJM State Estimator”).

A description of the Locational Pricing Calculator, including its function and purpose (see
“Locational Pricing Calculator (LPC)”).

The process to calculate LMPs during Emergency Procedures (see “The Calculation of
Locational Marginal Prices (LMPs) During Emergency Procedures”).

The process to calculate LMPs during Reserve Shortages (see “The Calculation of
Locational Marginal Prices (LMPs) During Reserve Shortages”).

A description of the PJM Real-time Locational Marginal Price verification procedure (see
“PJM Real-time Locational marginal Price Verification Procedure”).

A description of the process to validate Locational Marginal Prices (see Price-Bounding
Violations”).

A description of the calculation of Ramp-Limited Desired MWh used to determine
whether a unit is following PJM dispatch instructions (see “Calculation of Ramp Limited
Desired MWh”).

A description of how Locational Marginal Prices (LMPs) are calculated and how they are
used in market settlements (see “Using an Calculating Locational Marginal Prices”).

A description of the analysis performed to determine eligibility for Balancing Operating
Reserves (see “Balancing Operating Reserve Cost Analysis”).

A description of when a Maximum Generation Warning can be issued in the Day-ahead
Market (see “Maximum Emergency Generation in Day-ahead Market”).

A description of when a Minimum Generation Generation Warning can be issued in
the Day-ahead Market (see “Minimum Capacity Emergency Generation in Day-ahead
Market”).
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* A description of how Transmission Constraint Penalty Factors are used in Market
Clearing Engines (see “Applying Transmission Constraint Penalty Factors in Market
Clearing Engines”).

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 calculated for each Day-ahead Settlement Interval (hourly interval) based on
scheduled hourly quantities and on day-ahead hourly prices. The balancing settlement is
calculated for each Real Time Settlement Interval (five minute interval) based on actual five
minute Revenue Data for Settlement MW quantity deviations from day-ahead scheduled
guantities and on the applicable real-time prices. 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 or FRR
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 ‘up to’ congestion bid
bilateral transaction schedules into the Day-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 calculates the Day-ahead schedule based on the
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bids, offers and schedules submitted, using the scheduling programs described in Section 2
of this Manual, based on least-cost, security constrained resource commitment and dispatch
for each hour of the next operating day. The Day-ahead scheduling process incorporates

PJM 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 PJM Manual 06: Financial Transmission
Rights).

The Real-time Energy Market uses the real-tim