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Washington, D.C. 20426
Re:

PJM Interconnection, L.L.C., Docket No. ER18-87-000
Proposed Tariff Revisions to Implement Regulation Market Enhancements

Dear Secretary Bose:
Pursuant to section 205 of the Federal Power Act (“FPA”) 1 and section 35.13 of the
Federal Energy Regulatory Commission’s (“Commission”) regulations, 2 PJM Interconnection,
L.L.C. (“PJM”) submits proposed revisions to (1) the PJM Open Access Transmission Tariff
(“Tariff”), Attachment K-Appendix, sections 3.2.2 and 3.2.2A, and the parallel provisions of the
Amended and Restated Operating Agreement of PJM Interconnection, L.L.C. (“Operating
Agreement”), Schedule 1; 3 and (2) the definitions in Tariff, Part I, section 1 and Operating
Agreement, Schedule 1, section 1.3. The purpose of these proposed revisions is to improve the
performance of the PJM Regulation 4 market, and to better reflect the value contributions of
specific Regulation resources to system reliability. These proposed revisions are necessary

1

16 U.S.C. § 824d.

2

18 C.F.R. § 35.13.

3

Tariff, Attachment K-Appendix and Operating Agreement, Schedule 1 are identical. For convenience, where PJM
refers herein to proposed revisions to Tariff, Attachment K-Appendix, those references also are intended to
encompass the identical proposed revisions to the corresponding provisions of Operating Agreement, Schedule 1.
4

Capitalized terms not otherwise defined herein have the meaning specified in the Tariff or Operating Agreement.
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because PJM’s review and analysis of the existing Regulation market clearing and settlements
processes demonstrates that such processes are not operating efficiently and the two types of
regulation signals are not well integrated, which creates compensation misalignments between
resource types, impedes efficient price signals, and causes reliability issues affecting the bulk
power system.

These revisions build upon the Regulation signal enhancements that PJM

implemented earlier this year, and reflect the culmination of a stakeholder process begun in May
2015 to address observed deficiencies in the Regulation market, as described in detail below.
PJM respectfully requests that the Commission issue an order accepting these proposed revisions
within 90 days of the date of this submittal, with an effective date of April 1, 2018. PJM
believes that an order within 90 days and an effective date of April 1, 2018, will afford PJM
sufficient time to develop and implement the system and software modifications necessary for
the revisions. To allow for an effective date later than 120 days from the date of this submittal,
PJM further requests waiver of the applicable notice requirements of section 35.3(a)(1) of the
Commission’s regulations. 5
I.

BACKGROUND
A.

The PJM Regulation Market

The primary operational responsibility of a balancing authority is to manage the supply
and demand of electricity. PJM, as a balancing authority, fulfills this role by economically
dispatching generation to meet real-time load and interchange on the PJM bulk power system.
However, because changes in supply and demand are not precisely predictable, real-time
mismatches between supply and demand will occur, resulting in non-zero Area Control Error

5

18 C.F.R. § 35.3(a)(1).
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(“ACE”). 6 The Tariff defines Regulation as “the capability of a [resource] with appropriate
telecommunications, control and response capability to separately increase and decrease its
output or adjust load in response to a regulating control signal, in accordance with the
specifications in the PJM Manuals.” 7 Regulation is an ancillary service and essential reliability
product that PJM relies upon to aid in the continuous balancing of generation and load by
helping to maintain interconnection frequency and manage ACE. To accomplish this, PJM’s
Regulation controller sends Regulation resources an automatic generation control (“AGC”)
signal to raise or lower output 8 to correct for instantaneous changes in load and generation every
few seconds when PJM’s ACE calculation indicates an imbalance between supply and demand.
The Regulation controller will send a signal for Regulation resources to move in the opposite
direction of ACE to correct the imbalance. Since 2000, PJM has operated a Regulation market to
competitively assign Regulation obligations, in least-cost merit order, to meet PJM’s Regulation
needs.
In 2011, the Commission issued Order No. 755 9 to “remedy undue discrimination in the
procurement of frequency regulation in the organized wholesale electric markets and ensure that
providers of frequency regulation receive just and reasonable and not unduly discriminatory or
preferential rates” 10 and noted that “the ability to provide more accurate frequency regulation
6

See North American Electric Reliability Corp., Balancing and Frequency Control, at 15 (Jan. 26, 2011),
http://www.nerc.com/docs/oc/rs/NERC%20Balancing%20and%20Frequency%20Control%20040520111.pdf.

7

See Tariff, Part I, section 1 (emphasis in original). See also PJM, Manual 11: Energy & Ancillary Services Market
Operations, section 3 (rev. 90, July 27, 2017), http://www.pjm.com/-/media/documents/manuals/m11.ashx, and
PJM, Manual 12: Balancing Operations, sections 4.4 and 4.5 (rev. 36, Feb. 1, 2017), http://www.pjm.com//media/documents/manuals/m12.ashx.
8

The raise and lower AGC signals are commonly referred to as RegUp and RegDown signals, respectively.

9

Frequency Regulation Compensation in the Organized Wholesale Power Markets, Order No. 755, 137 FERC
¶ 61,064 (2011) (“Order No. 755”).

10

Order No. 755 at P 1.
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service means to follow the system operator’s dispatch signal more closely.” 11 In 2012, PJM
introduced a performance-based Regulation market design in conjunction with a series of Order
No. 755 compliance filings. 12 Under PJM’s performance-based methodology, resources offer,
clear, and settle based on a measured ability to follow an assigned Regulation signal. To help
ensure that a variety of resources are eligible to provide Regulation service, PJM developed a
construct whereby PJM uses two types of Regulation signals.
The traditional “RegA” signal is a signal that is typically followed by resources with
limited ramp rates but unlimited duration of generator output. In contrast, the dynamic “RegD”
signal, which PJM added in September 2012, is a signal that moves with the frequency deviation
component of ACE and is typically followed by storage and demand response resources with
high ramp rates and rapid turnaround but limited duration. 13

The RegD signal that PJM

implemented in 2012 included an energy neutrality reset designed to keep RegD resources
energy neutral, meaning that the RegD signal would always signal RegD resources to maintain
their power balance over a 15-minute interval, to facilitate the market participation of energy
storage and other resources with fast response and limited duration (e.g., batteries that regularly
charge and discharge). However, the RegA and RegD signals are not resource-type dependent,
and any resource that is able to follow a given signal type can qualify to provide Regulation

11

Id.

12

See PJM Interconnection, L.L.C., Order No. 755 Compliance Filing, Docket No. ER12-1204-000 (Mar. 5, 2012)
(“March 2012 Compliance Filing”); see also PJM Interconnection, L.L.C., Docket No. ER12-1204-001 (Aug. 2,
2012) (“August 2012 Compliance Filing”); see also PJM Interconnection, L.L.C., Docket No. ER12-2391-000
(Aug. 2, 2012) (“August 2012 Companion Filing”); see also PJM Interconnection, L.L.C., Performance-Based
Regulation Revisions, Docket Nos. ER12-1204-004 and ER12-2391-003 (Jan. 15, 2013) (“January 2013
Compliance Filing”).
13

PJM and its stakeholders commonly refer to resources that follow the RegA signal as “RegA resources” and
resources that follow the RegD signal as “RegD resources.” PJM will utilize this convention herein when referring
to such resources.
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service using that signal. 14 The RegA and RegD signals are intended to be complementary,
where RegD resources respond quickly but lack duration while RegA resources require time to
turn and follow the signal but have unlimited duration.
B.

Operational Issues with the 2012 Regulation Market Design

In 2012, when initially designing the dual RegA and RegD signal construct, PJM built on
the work of an independent 2011 analysis 15 to determine the proper relationship between the
traditional RegA signal and the dynamic RegD signal, including the point at which these signals
have an equivalent impact on system control. 16 This led PJM to create a “benefits factor” in the
Regulation clearing process to reflect the operational relationship between the RegA and RegD
signals, and to establish a common basis for the Regulation market’s clearing engine to consider
and compare the impact on system control of a RegD resource versus a RegA resource using the
common measurement of “effective” megawatts. This direct comparison using benefits factor
and effective megawatts was intended to: (1) ensure that an appropriate balance of resources
following either the RegA or RegD signal would clear in the market given the offered prices,
resources’ performance scores, and operational needs of the system at the time; and (2) allow for
uniform clearing prices for all Regulation resources, whether RegA or RegD, based on effective
megawatts. 17

14

A Market Seller may submit both a RegA and a RegD offer for a given resource if the resource qualifies for both.

15

See KEMA, Inc., KERMIT Study Report: To Determine the Effectiveness of the AGC in Controlling Fast and
Conventional Resources in the PJM Frequency Regulation Market (Dec. 13, 2011) (the “KEMA Study”),
http://www.pjm.com/-/media/committees-groups/task-forces/rmistf/postings/pjm-kema-final-studyreport.ashx?la=en.
16

See March 2012 Compliance Filing at 9.

17

See August 2012 Compliance Filing at 10.
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As PJM cautioned in the January 2013 Compliance Filing, this Regulation market design
led to operational issues. 18 In April 2015, PJM and the PJM Independent Market Monitor (the
“IMM”) introduced a problem statement to the PJM stakeholder community regarding certain
operational issues observed in the Regulation market since 2012, including those operational
issues forewarned of in the January 2013 Compliance Filing, and proposed a review of the
Regulation signals and market design. 19 In May 2015, the Regulation Performance Impacts
working group under the PJM Operating Committee began analyzing data and examining issues
associated with: (1) the relative mix of RegA and RegD resources participating in the Regulation
market; and (2) the impact of the RegD signal’s energy neutrality reset on ACE management. 20

18

See January 2013 Compliance Filing at 1 (“Although PJM is submitting this filing in strict compliance with the
Commission’s order, in PJM’s opinion the compliance model set forth in the Commission’s November 16 Order
will, over time, lead to significant operational challenges that will impact the long-term growth of energy storage
resources….”). See also id. at 8-12 (“Such an approach will initially result in under-compensation and eventually
lead to over-compensation for fast-following resources that provide less control, depending on the level of these
resources in the market. PJM proposed to use a benefits factor in the regulation clearing process and settlement
process to reflect this operational relationship between the traditional regulation signal and dynamic regulation
signal and create a common basis to consider the impact that each resource will have on system control.
Without the alignment provided by the marginal benefits factor, fast-following resources that are not operationally
necessary, beneficial, and provide little effect on system control (i.e., fast-following resources beyond the optimal
mix of fast-following and traditional resources in the KEMA Report) will likely enter the market because the
compensation would remain high even when they have little effect on system control. Analysis has shown that it
will require PJM to procure more regulation from traditional resources to maintain system control. This effect will
drive regulation prices higher, which would only serve to encourage more fast-following resources to enter the
market even as their effect on system control decreased.
From an operational perspective, a portfolio that contains too many fast-following resources may result in a lack of
traditional resources that can provide prolonged regulation and ACE over-compensation in the upward and
downward directions resulting in undesirable ACE oscillations in the absence of other mitigation solutions. Clearly,
such a structure would create an unsustainable market design leading to the need for PJM to propose other
mitigation solutions in the future.”)
19

See e.g. IMM, Problem Statement and Issue Charge Overview, (Sep. 16, 2015),
http://www.pjm.com/~/media/committees-groups/task-forces/rmistf/20150916/20150916-item-02b-problemstatement-issue-charge-overview.ashx.
20

The Regulation Performance Impacts working group held two special Operating Committee meetings to discuss
these issues on August 17, 2015 and September 25, 2015.
See http://www.pjm.com/committees-andgroups/committees/oc.aspx.
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First, PJM observed that the original 2012 benefits factor curve was producing a
suboptimal mix of RegA and RegD resources because of an inaccurate substitution value when
expressing RegD megawatts as effective megawatts.

Those inaccuracies inflated the

procurement of RegD megawatts, which exacerbated system control challenges associated with
the energy neutrality reset for RegD resources, as discussed below.

Moreover, PJM’s

implementation of mileage ratio 21 into Regulation settlements, as directed by Commission
order, 22 drove a higher financial signal for new market entry of RegD resources and contributed
to an over-supply and over-procurement of RegD resources.
Second, because the RegD signal that PJM implemented in 2012 was designed to be
unconditionally energy neutral over a 15-minute interval, it always would signal RegD resources
to maintain power balance over the interval, through the neutrality reset, regardless of the
reliability needs of the bulk power system at the time. For example, a battery storage resource
might receive a RegD signal to charge, or draw power, in order to respect its power balance (i.e.,
a neutrality reset), even though the bulk power system needed the resource to discharge, or inject
power, in order to manage ACE. Further, although the RegA and RegD signals were designed to
be complementary, they were not designed as interdependent signals, and the neutrality reset

21

Mileage is a measure of the absolute sum of movement of a Regulation signal over a time interval, and can be
used as a proxy for the “amount of work” performed by a Regulation resource following that signal. The RegD
signal moves more than the RegA signal, and mileage ratio can be viewed as a measure of the relative movement
(i.e., the relative amount of work) of RegD resources compared to RegA resources over a time interval.
22

In its January 2013 Compliance Filing, PJM withdrew a proposal to implement “marginal benefits factor” in
Regulation settlements, as set forth in the August 2012 Companion Filing (at 5-8), and instead implemented mileage
ratio as directed in a November 2012 Commission order on PJM’s August 2012 Compliance Filing and August 2012
Companion Filing. See PJM Interconnection, L.L.C., Order on Compliance Filing and Accepting Proposed Tariff
Changes, Subject to Conditions, 141 FERC ¶ 61,134 at PP 45-47 (2012). See also January 2013 Compliance Filing
at 8 (“PJM expresses its concern that a market structure without the marginal benefits factor is not sustainable”) and
11 (“Without the alignment provided by the marginal benefits factor, fast-following resources that are not
operationally necessary, beneficial, and provide little effect on system control … will likely enter the market
because the compensation would remain high even when they have little effect on system control”).

Kimberly D. Bose, Secretary
October 17, 2017
Page 8

sometimes would cause the RegA and RegD signals to work against each other, thus impeding
efficient Regulation control.
Initially, the operational issues associated with energy neutrality did not cause major
system challenges because relatively few RegD resources were being offered in the Regulation
market. However, as the amount of RegD resources increased substantially between 2012 and
2015, PJM experienced instances when hundreds of megawatts of RegD resources were
performing in a manner that was appropriate to respect their power balance (e.g., batteries
charging in unison), but actually inhibited PJM’s ability to manage ACE (e.g., because the
batteries were actually needed to discharge in unison). In other words, because of a RegD signal
that was designed to unconditionally accommodate RegD resources’ power balance, RegD
resources at times actually were performing in a manner that defeated the core purpose of the
Regulation market, which is to manage ACE.

As a reliability product, Regulation should

provide ACE control at all times, with no counter ACE control movement. To address these
instances when significant RegD resources were performing contrary to the reliability needs of
the system because the neutrality reset was causing them to move counter to ACE control, PJM’s
operators would be forced to manually intervene and direct resources to perform in the required
manner by manually adjusting the RegD signals as needed.
On October 22, 2015, the PJM Markets and Reliability Committee (“MRC”) chartered,
without objections or abstentions, the Regulation Market Issues Senior Task Force (“RMISTF”)
to continue the review of PJM’s Regulation market design begun in May 2015 by the Regulation
Performance Impacts working group of the PJM Operating Committee. 23 Through a series of

23

A copy of the RMISTF charter is available at http://www.pjm.com/-/media/committees-groups/taskforces/rmistf/postings/20151102-rmistf-charter.ashx?la=en.
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eighteen meetings between September 16, 2015, and February 27, 2017, the RMISTF discussed
and developed solutions to the issues in the April 2015 problem statement, and related issues. 24
During that period PJM conducted extensive analyses and worked closely with stakeholders and
the IMM. Based on the analyses, PJM concluded: (1) the benefits factor did not properly reflect
the correct operational or engineering relationship between RegA and RegD resources; and (2)
unconditionally respecting RegD resources’ power balance was at times inhibiting PJM’s ability
to control the system and ensure reliability. Notably, these shortcomings were no fault of any
individual RegD resource or Market Seller, but instead resulted from flaws in the Regulation
market construct and signal design that PJM implemented in 2012. 25
In January 2017, through the work of the RMISTF, PJM implemented operational
changes to the Regulation signals and the hourly Regulation requirement to better promote
reliability and optimize system control by minimizing ACE. 26 Changes to the Regulation signals
in January 2017: included (1) modifying the RegA and RegD signals to be interdependent and
work together to manage ACE; and (2) updating the RegD signal to be conditionally neutral over
30 minutes instead of unconditionally neutral over 15 minutes. Under the modified design, the
Regulation controller will try to respect the energy neutrality of RegD resources; but, when
required by system conditions, the RegD signal will dispatch resources outside of their
anticipated energy capabilities. By moving from firm neutrality to conditional neutrality, PJM is
placing priority on system control while still accommodating state-of-charge management and

24

Information on each of the RMISTF meetings, including copies of agendas, minutes, and reference materials, is
available at http://www.pjm.com/committees-and-groups/task-forces/rmistf.aspx.
25
26

See supra note 18.

See PJM Interconnection, L.L.C., Implementation and Rationale for PJM’s Conditional Neutrality Regulation
Signals, (Jan. 2017), http://www.pjm.com/~/media/committees-groups/task-forces/rmistf/postings/regulationmarket-whitepaper.ashx) (“PJM Regulation Whitepaper”).
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energy neutrality for RegD resources as system conditions allow. By evaluating neutrality on a
30-minute interval instead of a 15-minute interval, PJM is accounting for the fact that ACE
sometimes remains on either side of zero for more than 15 minutes at a time, and thus forcing
neutrality on a 15-minute interval has too great a potential to result in resources moving in the
opposite direction of fixing the ACE.
PJM updated the hourly Regulation requirement in January 2017 to better align
Regulation service with dynamic system conditions and periods of variability. Previously, PJM
used a fixed hourly Regulation requirement of 700 effective megawatts during on-peak hours
and 525 effective megawatts during off-peak hours, regardless of season. 27 With the January
2017 change, the hourly Regulation requirement is now defined seasonally in ramp and nonramp hours. During the identified ramp hours, PJM has observed higher load variability, lower
Control Performance Standard (“CPS”) 28 scores, and higher utilization of Regulation through a
full range.

Therefore, PJM will procure more Regulation service during ramp hours (800

effective megawatts) and less during non-ramp hours (525 effective megawatts), as show in
Table 1.

27

When the two-signal Regulation design was first implemented in September 2012, PJM set the Regulation
requirement at 1.0 percent of the peak/valley load forecast, but gradually reduced that percentage over several
months based on observed conditions, and eventually adopted the fixed values of 700 effective megawatts during
on-peak hours and 525 effective megawatts during off-peak hours.
28

See North American Electric Reliability Corp., Balancing and Frequency Control, at 33 (Jan. 26, 2011),
http://www.nerc.com/docs/oc/rs/NERC%20Balancing%20and%20Frequency%20Control%20040520111.pdf.
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Table 1

C.

Proposed Regulation Market Design Changes

In addition to the January 2017 operational changes described above, the RMISTF
developed a package of proposed Tariff reforms to improve PJM’s Regulation market design
(the “RMISTF Tariff package”). The RMISTF Tariff package, as proposed herein, includes
definitions for five new defined terms, as reproduced below. 29
1. The “Regulation Rate of Technical Substitution Curve” shall mean a function that defines
the operational relationship between traditional and dynamic Regulation resources
utilized to meet the Regulation Requirement.

The Regulation Rate of Technical

Substitution Curve is calculated in accordance with the PJM Manuals.
2. The “Regulation Rate of Technical Substitution” shall mean a value along the Regulation
Rate of Technical Substitution Curve that translates a dynamic Regulation resource into a
traditional Regulation resource.

The Regulation Rate of Technical Substitution is

calculated in accordance with the PJM Manuals.
29

This transmittal letter hereafter uses these new defined terms where convenient.
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3. The “Regulation Marginal Rate of Technical Substitution” shall mean the Regulation
Rate of Technical Substitution assigned to the last dynamic Regulation resource
committed to provide Regulation service in a given hour.
4. The “Regulation Requirement” shall mean the calculated Regulation Effective
Megawatts required to be maintained in a Regulation Zone, absent any increase to
account for additional Regulation scheduled to address operational uncertainty. The
Regulation Requirement is defined in accordance with the PJM Manuals.
5. “Regulation Effective Megawatts” shall equal the product of 1) the amount of Regulation
that a resource is providing in a given hour, 2) the resource’s historic performance score,
and 3) the resource’s Regulation Rate of Technical Substitution.
In addition to the five new defined terms, the proposed RMISTF Tariff package
comprises the following four components, each of which is described in greater detail in
individual subsections below.
1. A new Regulation Rate of Technical Substitution (“RRTS”) Curve will replace the
benefits factor curve to more accurately determine the trade-off between RegA and RegD
resources in providing Regulation service. The full area under the RRTS Curve will be
used to calculate effective megawatts, to better capture the benefit of RegD resources
relative to RegA resources in providing Regulation service. This will replace the “block”
calculation that is performed today, which does not fully capture the contribution of
RegD resources.
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2. Performance scoring will be modified to use a single measurement, precision, to better
capture resource performance in terms of system benefit. Currently, the performance
calculation gives equal weight to three measurements: accuracy, delay, and precision.
Accuracy is a measure of the correlation or degree of relationship between the Regulation
signal and the resource’s response. Delay is a measure of the time delay between the
Regulation signal and point of highest correlation.

Precision is a measure of the

instantaneous error between the Regulation signal and the resource’s response. The
elimination of the accuracy and delay measurements, and the change to a precision-only
calculation, will better align resource performance score with the system benefit provided
by the resource.
3. The settlements equation will be modified so that all Regulation resources, RegA and
RegD, are settled on the effective megawatts they provide to meet the Regulation
Requirement. This modification will strengthen consistency between market clearing and
settlements, and will be implemented by adding a marginal RRTS component in
settlements, referred to as the Regulation Marginal Rate of Technical Substitution. 30
With this Tariff change, the two Regulation products, RegA and RegD, will be defined,
cleared, and settled in equivalent units throughout.
4. Lost opportunity cost calculations for online resources that provide Regulation service
will be changed to use the schedule on which the resource is committed for energy. This
will allow PJM to properly reflect the real-time cost of not following economic dispatch,

30

The Regulation Marginal Rate of Technical Substitution is conceptually similar to the marginal benefits factor
that PJM previously proposed to implement in settlements. See supra note 22.
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and will align the incremental costs of Regulation and energy to ensure a least-cost
solution.
To effectively optimize the new Regulation market design described herein, all
components of the design are necessarily dependent, and a change in one area will impact other
areas. The RMISTF Tariff package builds upon and presumes continuance of the January 2017
operational changes to the Regulation signals and hourly Regulation requirement described
above. 31 Therefore, any modifications to those January 2017 operational changes will impact the
new market design proposed herein.
(i)

The Regulation Rate of Technical Substitution Curve

The original benefits factor curve implemented in 2012 was based on the KEMA Study,
which used only four weeks of data and adopted various assumptions regarding signal and
resource performance. Over time, as discussed above, those assumptions and models proved
inaccurate. Therefore, the RMISTF Tariff package proposes to replace the benefits factor curve
with the RRTS Curve. In designing the RRTS Curve construct, PJM performed analyses using a
full year of data from 2015. The analyses incorporated the January 2017 Regulation signal
changes and hourly Regulation requirement, as described above, to reflect conditional neutrality,
seasonality, and ramp and non-ramp hours.
Defining the RRTS Curve requires defining the engineering relationship between RegA
and RegD resources, and then translating that engineering relationship into a performance

31

Aspects of the January 2017 operational changes are the subject of two complaint proceedings now before the
Commission. See Energy Storage Association v. PJM Interconnection, L.L.C., Docket No. EL17-64-000 and
Renewable Energy Systems Americas and Invenergy Storage Development LLC v. PJM Interconnection, L.L.C.,
Docket No. EL17-65-000.
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relationship for clearing purposes. The five specific steps to define the RRTS Curve are shown
in Figure 1, and described more fully below.
Figure 1

Step one: define the engineering relationship.

PJM will define the engineering

relationship between RegA and RegD resources by evaluating the ability for Regulation service
to manage ACE using varying amounts of RegA and RegD inputs. PJM will perform simulation
studies using combinations of RegA and RegD megawatts, beginning at 100% RegA and 0%
RegD and then stepping through combinations (e.g., 95% RegA and 5% RegD, 90% RegA and
10% RegD, and so on) until reaching 0% RegA and 100% RegD. With each combination PJM
will evaluate the ability for Regulation service to manage ACE. From those simulation results
PJM will plot isoquants, which are contour lines drawn through the combinations of RegA and
RegD megawatts that reflect an equivalent ability to manage ACE.
Step two: identify the ACE control point for the system. PJM will select the specific
isoquant to be used for RRTS Curve development, based on the Regulation Requirement and

Kimberly D. Bose, Secretary
October 17, 2017
Page 16

desired ACE control. As with the Regulation Requirement, the identified control point will vary
based on seasonality and ramp or non-ramp periods.
Step three: determine the megawatt pairs that provide the desired control. From the
selected isoquant, PJM will identify the RegA-RegD megawatt pairs that comprise the RegARegD solution curve. While any of those megawatt pairs would constitute an acceptable solution
for providing the desired ACE control, PJM’s market optimization software will focus on the
least-cost solution. For example, if 500 RegA megawatts and 200 RegD megawatts produce the
same level of control as 400 RegA megawatts and 250 RegD megawatts, the market optimization
tool will aim for the lower-cost combination.
Step four: derive the substitution function. In order for the market optimization tool to
evaluate offered Regulation resources and identify an optimal RegA-RegD megawatt pair along
the selected isoquant, PJM will derive a substitution function. That substitution function is the
RRTS Curve. 32 Mathematically, the RRTS Curve is the first derivative of the RegA-RegD
solution curve, and indicates the rate at which PJM can replace RegA megawatts with RegD
megawatts and still maintain consistent system control. For implementation purposes, PJM will
divide the RegA-RegD solution curve into multiple segments, as shown in the example in Figure
2.

32

See PJM Regulation Whitepaper at 22-24 for additional technical detail.
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Figure 2 33

PJM then will determine the line fit equation for each segment, and will calculate the first
derivative for each segment to create the RRTS Curve, as shown in the example in Figure 3.

33

Source: PJM Regulation Whitepaper at 24.
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Figure 3 34

Step five: optimize commitment of RegA and RegD resources. PJM will use the RRTS
Curve to optimize the commitment of RegA and RegD resources in order to calculate effective
megawatts and determine the least-cost solution. As discussed above, the effective megawatt
calculation translates a RegD resource into an “effective” RegA resource. This allows for an
“apples-to-apples” comparison to: (1) ensure an appropriate balance of resources are providing
Regulation service; and (2) allow uniform clearing prices for all resources, whether RegA or
RegD.
Under the existing benefits factor curve construct, PJM uses a “block” calculation that
would be inconsistent with the new proposed RRTS Curve construct.

Therefore, upon

implementation of the new RRTS Curve construct, PJM will use the full area under the RRTS
Curve to calculate the effective megawatts for a resource. PJM will calculate the effective

34

Id.
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megawatts for a resource as the full area under the RRTS Curve at the point where the resource’s
last megawatt falls, as indicated in Figure 4.
Figure 4

This is a change from the “block” calculation used with the existing benefits factor curve,
which is inconsistent with the RRTS Curve derivation and would not efficiently calculate the
displacement of RegA megawatts. A block calculation would exclude the small triangle along
the curve, as shown in Figure 5 below, and would potentially undercount the contribution of
RegD resources in meeting the Regulation Requirement.
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Figure 5

(ii)

Performance Scoring

Regulation performance score reflects how well a resource follows the Regulation signal,
and is used in market clearing and settlements. PJM and stakeholders, through the RMISTF,
have judged the current performance score calculation, which is based on one-third accuracy,
one-third delay, and one-third precision, as too lenient for performance assessments. Under the
current construct, accuracy and delay can inflate a resource’s performance score in some
instances, and indicate that the resource is providing more system benefit than it actually is
providing.
The accuracy calculation is flawed because it does not take into account a resource’s set
point, or base point, value. For example, if a resource is following the movement of the
Regulation signal but deviates from its set point by significant amounts, it nonetheless may
receive a high accuracy score just because it followed the movement of the Regulation signal.
That high accuracy score could translate into an inflated performance score, even though the
large deviations from the desired set point should result in a lower performance score. Further,
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the delay calculation is flawed because it uses a five-minute correlation period for evaluations.
Allowing up to five minutes for a resource to respond, and receive “credit” toward the delay
calculation, is too long. System demand can change measurably in a five-minute period, and it is
important that resources provide more timely response to the Regulation signal.
Rather than re-define the calculations for accuracy and delay, PJM and stakeholders
determined that the precision calculation alone sufficiently captures resource performance.
Therefore, the RMISTF Tariff package proposes to eliminate the accuracy and delay
components, and change the performance score calculation to a precision-only calculation. To
determine resource performance, the precision-only calculation will measure instantaneous error
between the Regulation control signal and resource response, as illustrated in Figure 6.
Figure 6

The proposed RMISTF Tariff package includes small refinements to the existing
precision calculation to allow for a more even evaluation for all resources. These proposed
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modifications include: (1) evaluating resource response at t0 and t+10sec instead of only at
t+10sec; and (2) using a weighted denominator that takes into account signal magnitude and
resource assignment amount. First, evaluating resource response at t0 and t+10sec will allow
PJM to better evaluate resources that are responding faster than 10 seconds. Second, using a
weighted denominator will better allow both large and small resources to receive a fair
assessment of their performance.
(iii)

Settlements Equation

The Regulation Marginal Rate of Technical Substitution 35 represents the trade-off
between RegA and RegD resources, on the margin, for the hourly market solution or
optimization. A value of 1.0 for a given solution indicates that RegA and RegD resources are
effectively providing the same benefit to the system, based on effective megawatts. When the
value is less than 1.0, RegD resources are providing less effective benefit (i.e., effective
megawatts are less than actual RegD megawatts), and when the value is greater than 1.0, RegD
resources are providing greater effective benefit (i.e., effective megawatts are more than actual
RegD megawatts). For a consistent optimization, resources should be settled on the effective
megawatts they provide to the system, consistent with clearing and operating the resources. The
current settlements construct for Regulation service does not properly take into account the
effective megawatts of resources, thus incorrectly compensating resources and sending incorrect
financial signals to the market.
PJM’s current settlements equation for Regulation service is as follows: 36

35
36

Previously referred to as the marginal benefits factor. See supra note 30.

See Tariff, Attachment-K Appendix, section 3.2.2(g-h). See also PJM, Manual 28: Operating Agreement
Accounting, section 4.2 (rev. 76, June 1, 2017), http://www.pjm.com/-/media/documents/manuals/m28.ashx.
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Regulation Credit = CCP*MW*PS + PCP*MW*PS*mileage ratio
Where CCP and PCP are the hourly capability clearing price (“CCP”) and performance clearing
price (“PCP”) for the market, respectively (i.e., two-part clearing), 37 MW*PS is the
performance-adjusted megawatt value (i.e., megawatt, or “MW,” adjusted by performance score,
or “PS”) reflecting the performance of the resource during the applicable hour, and mileage ratio
is the ratio of movement from RegA and RegD resources during the hour. The mileage ratio for
RegD resources is RegD mileage/RegA mileage, and the mileage ratio for RegA resources is
always one.
PJM and stakeholders, through the RMISTF, have determined that the inclusion of
mileage ratio in the settlements equation has caused RegD resources to be improperly
compensated.

The mileage ratio multiplier distorts the market signal for RegD resources,

incentivizes $0 offers and self-scheduling, and inefficiently signals long-term investment for
both RegA and RegD resources. Under the current settlements equation, RegD resources are
undercompensated when the Regulation Marginal Rate of Technical Substitution is more than
one and overcompensated when it is less than one, in relation to the effective megawatts they
provide the system.
RegD resources, including batteries, move much more than RegA resources, by design.
Therefore, the inclusion of mileage ratio in the settlements equation, combined with a Regulation
Marginal Rate of Technical Substitution that frequently has been less than one (especially prior
to the January 2017 operational changes described above), has over the past few years caused
RegD resources to be overcompensated relative to RegA resources when viewed on an effective
37

The PJM Regulation market uses two-part hourly offer and clearing. Part one is capability, and reflects the
reservation of megawatts, or resource output, for the provision of Regulation service for the hour. Part two is
performance, and reflects resource “work” in providing Regulation service for the hour.
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megawatt basis. That overcompensation, in turn, has caused too many RegD resources to enter
the market in pursuit of a flawed financial signal, which ultimately has worked against reliability
considerations. The efficient and correct financial signal is one that promotes reliability while
properly compensating all Regulation resources, whether RegA or RegD, based on their effective
megawatt contributions to the management of ACE.
To demonstrate, consider a simple example of three resources providing Regulation
service (one RegA resource and two RegD resources), using the current hourly settlements
equation specified above, where (1) the CCP is $14.00, (2) the PCP is $2.00, (3) the Regulation
Marginal Rate of Technical Substitution (or “RMRTS”) applicable to RegD resources (but not
RegA resources) is 1.5, (4) the mileage ratio applicable to RegD resources (but not RegA
resources) is 4, and (5) the performance-adjusted megawatt values are as specified below.

Signal Type
Resource 1
Resource 2
Resource 3

RegA
RegD
RegD

Perf Adj. MW Offer
MW * PS
1
1
0.5

RegA/RegD MW trade off on the
margin RMRTS = 1.5
1
1.5
0.75

Old Settlement

$/Effective MW

$
$
$

$
$
$

16.00
22.00
11.00

16.00
14.67
14.67

In this example, the RegA resource, or Resource 1, would be compensated $16.00 for the
1.0 effective megawatt it provided during the hour [$14.00*1 + $2.00*1*1 = $16.00 settlement,
and $16.00/1.0 = $16.00 per effective megawatt].

The RegD resources, Resource 2 and

Resource 3, each would be compensated $14.67 per effective megawatt provided during the hour
[$14.00*1 + $2.00*1*4 = $22.00 settlement, and $22.00/1.5 = $14.67 per effective megawatt for
Resource 2; and $14.00*0.5 + $2.00*0.5*4 = $11.00 settlement, and $11.00/0.75 = $14.67 per
effective megawatt for Resource 3]. Therefore, in this example, the RegD resources were
undercompensated for Regulation service on an effective megawatt basis ($14.67 for the RegD
resources versus $16.00 for the RegA resource).
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Now consider the same simple example but with a Regulation Marginal Rate of
Technical Substitution of 0.5.

Resource 1
Resource 2
Resource 3

SignalType
RegA
RegD
RegD

Perf Adj. MW
Offer MW* PS
1
1
0.5

RegA/ RegD MW trade off on
the margin
RMRTS = 0.5
1
0.5
0.25

Old Settlement
$
16.00
$
22.00
$
11.00

$/EffectiveMW
$
16.00
$
44.00
$
44.00

Here, as before, the RegA resource would be compensated $16.00 for the 1.0 effective megawatt
it provided during the hour. However, the RegD resources, Resource 2 and Resource 3, each
would be compensated $44.00 per effective megawatt provided during the hour [$14.00*1 +
$2.00*1*4 = $22.00 settlement, and $22.00/0.5 = $44.00 per effective megawatt for Resource 2;
and $14.00*0.5 + $2.00*0.5*4 = $11.00 settlement, and $11.00/0.25 = $44.00 per effective
megawatt for Resource 3].

Therefore, in this example, the RegD resources were

overcompensated for Regulation service on an effective megawatt basis ($44.00 for the RegD
resources versus $16.00 for the RegA resource).
To address the compensation misalignments illustrated in the above two examples, the
proposed RMISTF Tariff package would remove the mileage ratio from the PCP component of
the settlements equation and incorporate the Regulation Marginal Rate of Technical Substitution
in both the CCP and PCP components of the equation, as follows:
Regulation Credit = CCP*MW*PS*RMRTS + PCP*MW*PS*RMRTS
Using the Regulation Marginal Rate of Technical Substitution in the settlements equation
will allow PJM to settle RegA and RegD resources on an effective megawatt basis. This is
consistent with the clearing process where PJM calculates effective megawatts for all Regulation
resources and uses those values to meet the Regulation Requirement. Additionally, using the
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Regulation Marginal Rate of Technical Substitution as a multiplier in the settlements equation
will allow all Regulation resources, whether RegA or RegD, to be settled at the same dollar per
effective megawatt value. This will ensure that a correct financial signal is sent to the market
that properly indicates any under or over supply of RegA or RegD resources, as applicable.
Revisiting the first example above, where the Regulation Marginal Rate of Technical
Substitution was 1.5, the new proposed settlements equation would compensate all Regulation
resources at $16.00 per effective megawatt.

The RegA resource, Resource 1, would be compensated $16.00 for the 1.0 effective megawatt it
provided during the hour [$14.00*1*1 + 2*1*1 = $16.00 settlement, and $16.00/1.0 = $16.00 per
effective megawatt].

The RegD resources, Resource 2 and Resource 3, also would be

compensated $16.00 per effective megawatt provided during the hour [$14.00*1*1.5 +
$2.00*1*1.5 = $24.00 settlement, and $24.00/1.5 = $16.00 per effective megawatt for Resource
2; and $14.00*0.5*1.5 + $2.00*0.5*1.5 = $12.00 settlement, and $12.00/0.75 = $16.00 per
effective megawatt for Resource 3].
Revisiting the second example above, where the Regulation Marginal Rate of Technical
Substitution was 0.5, the new proposed settlements equation also would compensate all
Regulation resources at $16.00 per effective megawatt.
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Resource 1
Resource 2
Resource 3

SignalType
RegA
RegD
RegD

Perf Adj. MW
Offer MW* PS
1
1
0.5

RegA/ RegD MW trade off on
the margin
RMRTS = 0.5
Old Settlement
1
$
16.00
0.5
$
22.00
0.25
$
11.00

$/EffectiveMW
$
16.00
$
44.00
$
44.00

New Settlement
$
16.00
$
8.00
$
4.00

$/EffectiveMW
$
16.00
$
16.00
$
16.00

The RegA resource, Resource 1, would be compensated $16.00 for the 1.0 effective megawatt it
provided during the hour [$14.00*1*1 + 2*1*1 = $16.00 settlement, and $16.00/1.0 = $16.00 per
effective megawatt].

The RegD resources, Resource 2 and Resource 3, also would be

compensated $16.00 per effective megawatt provided during the hour [$14.00*1*0.5 +
$2.00*1*0.5 = $8.00 settlement, and $8.00/0.5 = $16.00 per effective megawatt for Resource 2;
and $14.00*0.5*0.5 + $2.00*0.5*0.5 = $4.00 settlement, and $4.00/0.25 = $16.00 per effective
megawatt for Resource 3].
Two potential misconceptions regarding this proposed change to the settlements equation
are: (1) mileage is no longer recognized in the construct; and (2) RegD resources may not be
whole, or fully compensated, when the Regulation Marginal Rate of Technical Substitution is
less than 1.0. First, removing mileage ratio from the settlements equation does not remove
recognition of the requested movement for each resource type. The movement requested of
Regulation resources (i.e., mileage) is already recognized in Regulation clearing. Regulation
two-part clearing allows resources to capture “dollar per mile” cost, and adding mileage ratio
into settlements double counts the movement and improperly compensates resources.

The

performance offer portion of the numerator in the “Adjusted Performance Cost” calculation used
for clearing, shown below, already captures the resource’s price to provide Regulation
movement, in $/ΔMW.
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Second, under the new proposed construct, all resources, whether RegA or RegD, will
always be whole to their Regulation offers. RegD resources’ Regulation offers are adjusted by
the Regulation Marginal Rate of Technical Substitution in clearing to allow RegD resources to
appear more economically attractive to the optimization when the Regulation Marginal Rate of
Technical Substitution is greater than 1, and less economically attractive to the optimization
when the Regulation Marginal Rate of Technical Substitution is less than 1. If a RegD resource
at the margin offered $2.00, and the Regulation Marginal Rate of Technical Substitution was 0.5,
this resource would appear as $4.00 to the optimization and only be picked up if part of the leastcost solution. In settlements, the compensation would be the clearing price multiplied by the
Regulation Marginal Rate of Technical Substitution [$4.00*0.5 = $2.00]. The $2.00 price for
RegD resources would allow the resource on the margin with the $2.00 offer to remain whole.
(iv)

Lost Opportunity Cost Calculations

Under the proposed RMISTF Tariff package, lost opportunity cost calculations for online
resources will use the schedule on which the resource is committed for energy. The current lost
opportunity cost calculation 38 uses the lesser of the available market-based or highest cost-based
energy offers from the resource, which (1) does not capture the realized lost opportunity cost in
real-time, (2) reduces efficiency of the Regulation market solution, and (3) can artificially

38

See Tariff, Attachment K-Appendix, sections 3.2.2(d-e).
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increase the Regulation clearing price if the resource is marginal. Calculating lost opportunity
cost using the schedule on which the online resource is committed will allow PJM to properly
reflect the real-time cost of not following economic dispatch, and will align the incremental costs
of Regulation and energy to ensure a least-cost solution.
II.

DESCRIPTION OF PROPOSED TARIFF REVISIONS
A.

Proposed New Definitions

PJM proposes to add definitions in Tariff, Part I, section 1 and Operating Agreement,
Schedule 1, section 1.3 for new defined terms used in the proposed RMISTF Tariff package, as
follows:
Regulation Effective Megawatts:
“Regulation Effective Megawatts” shall equal the product of 1) the amount of
Regulation that a resource is providing in a given hour, 2) the resource’s historic
performance score, and 3) the resource’s Regulation Rate of Technical
Substitution.
Regulation Marginal Rate of Technical Substitution:
“Regulation Marginal Rate of Technical Substitution” shall mean the Regulation
Rate of Technical Substitution assigned to the last dynamic Regulation resource
committed to provide Regulation service in a given hour.
Regulation Rate of Technical Substitution:
“Regulation Rate of Technical Substitution” shall mean a value along the
Regulation Rate of Technical Substitution Curve that translates a dynamic
Regulation resource into a traditional Regulation resource. The Regulation Rate
of Technical Substitution is calculated in accordance with the PJM Manuals.
Regulation Rate of Technical Substitution Curve:
“Regulation Rate of Technical Substitution Curve” shall mean a function that
defines the operational relationship between traditional and dynamic Regulation
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resources utilized to meet the Regulation Requirement. The Regulation Rate of
Technical Substitution Curve is calculated in accordance with the PJM Manuals.
Regulation Requirement:
“Regulation Requirement” shall mean the calculated Regulation Effective
Megawatts required to be maintained in a Regulation Zone, absent any increase to
account for additional Regulation scheduled to address operational uncertainty.
The Regulation Requirement is defined in accordance with the PJM Manuals.
B.

Proposed Revisions to Tariff, Attachment K-Appendix and Operating
Agreement, Schedule 1

PJM proposes to modify Tariff, Attachment K-Appendix, subsection (c) of section 3.2.2
(“Regulation”) to reflect the new defined term for RRTS and to clarify the use of performance
scoring when calculating Regulation market clearing prices. PJM proposes to revise or add the
text shown in bold marked-up form below: 39

(c)
The total Regulation market-clearing price in each Regulation
Zone shall be determined for each Real-time Settlement Interval. The total
Regulation market-clearing price shall include: (i) the performance Regulation
market-clearing price in a Regulation Zone that shall be calculated in accordance
with subsection (g) of this section; (ii) the capability Regulation market-clearing
price that shall be calculated in accordance with subsection (h) of this section; and
(iii) a Regulation resource’s unit-specific opportunity costs during the 5-minute
period, determined as described in subsection (d) below, divided by the unitspecific Regulation Rate of Technical Substitution benefits factor described in
subsection (kj) of this section and divided by the historic performance accuracy
score of the resource from among the resources selected to provide Regulation. A
resource’s Regulation offer by any Market Seller that fails the three-pivotal
supplier test set forth in section 3.2.2A.1 of this Schedule shall not exceed the cost
of providing Regulation from such resource, plus twelve dollars, as determined
pursuant to the formula in section 1.10.1A(e) of this Schedule.

39

The italicized language in the proposed Tariff revisions herein identifies proposed Tariff revisions pending in
other FERC proceedings.
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PJM proposes to modify subsection (d) of section 3.2.2 to reflect the changes to how
opportunity costs will be calculated. PJM proposes to revise or add the text shown in bold
marked-up form below:

(d)
In determining the Regulation 5-minute clearing price for each
Regulation Zone, the estimated unit-specific opportunity costs of a generation
resource offering to sell Regulation in each regulating hour, except for
hydroelectric resources, shall be equal to the product of (i) the deviation of the set
point of the generation resource that is expected to be required in order to provide
Regulation from the generation resource’s expected output level if it had been
dispatched in economic merit order times, (ii) the absolute value of the difference
between the expected Locational Marginal Price at the generation bus for the
generation resource and (a) for offline resources that will be brought online
solely for regulation, the cheapest lesser of the available market-based or
highest available cost-based energy schedules offer from the generation resource
(at the megawatt level of the Regulation set point for the resource) in the PJM
Interchange Energy Market or (b) for online resources, the schedule on which
the resource was committed for energy.
….
PJM proposes to modify subsection (e) of section 3.2.2 to reflect the changes to how
opportunity costs will be calculated. PJM proposes to revise or add the text shown in bold
marked-up form below:

(e)
In determining the credit under subsection (b) to a Market
Participant selected to provide Regulation in a Regulation Zone and that actively
follows the Office of the Interconnection‘s Regulation signals and instructions,
the unit-specific opportunity cost of a generation resource shall be determined for
(1) each Real-time Settlement Interval that the Office of the Interconnection
requires a generation resource to provide Regulation, and (2) the last three Realtime Settlement Intervals of the preceding shoulder hour and the first three Realtime Settlement Intervals of the following shoulder hour in accordance with the
PJM Manuals and below.
The unit-specific opportunity cost incurred during the Real-time Settlement
Interval in which the Regulation obligation is fulfilled shall be equal to the
product of (i) the deviation of the generation resource’s output necessary to follow

Kimberly D. Bose, Secretary
October 17, 2017
Page 32

the Office of the Interconnection’s Regulation signals from the generation
resource’s expected output level if it had been dispatched in economic merit order
times (ii) the absolute value of the difference between the Locational Marginal
Price at the generation bus for the generation resource and the lesser of the
available market-based or highest available cost-based energy offer from the
generation resource the schedule on which the resource was committed at the
actual megawatt level of the resource when the actual megawatt level is within the
tolerance defined in the PJM Manuals for the Regulation set point, or at the
Regulation set point for the resource when it is not within the corresponding
tolerance in the PJM Interchange Energy Market. Opportunity costs for Demand
Resources to provide Regulation are zero.
The unit-specific opportunity costs associated with uneconomic operation during
each of the preceding three Real-time Settlement Intervals of the shoulder hour
shall be equal to the product of (i) the deviation between the set point of the
generation resource that is expected to be required in the initial regulating Realtime Settlement Interval in order to provide Regulation and the resource‘s
expected output in each of the preceding three Real-time Settlement Intervals of
the shoulder hour times (ii) the absolute value of the difference between the
Locational Marginal Price at the generation bus for the generation resource in
each of the preceding three Real-time Settlement Intervals of the shoulder hour
and the lesser of the available market based or highest available cost-based
energy offer from the generation resource the schedule on which the resource
was committed at the megawatt level of the Regulation set point for the resource
in the initial regulating Real-time Settlement Interval in the PJM Interchange
Energy Market times all as determined by the Office of the Interconnection in
accordance with procedures specified in the PJM Manuals.
The unit-specific opportunity costs associated with uneconomic operation during
each of the following shoulder three Real-time Settlement Intervals shall be equal
to the product of (i) the deviation between the set point of the generation resource
that is expected to be required in the final regulating Real-time Settlement Interval
in order to provide Regulation and the resource’s expected output in the following
shoulder hour times (ii) the absolute value of the difference between the
Locational Marginal Price at the generation bus for the generation resource in
each of the following three Real-time Settlement Intervals of the shoulder hour
and the lesser of the available market based or highest available cost-based
energy offer from the generation resource the schedule on which the resource
is committed at the megawatt level of the Regulation set point for the resource in
final regulating hour in the PJM Interchange Energy Market times all as
determined by the Office of the Interconnection in accordance with procedures
specified in the PJM Manuals.
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PJM proposes to modify subsection (g) of section 3.2.2 to reflect how performance
clearing price, or PCP, will be used in the clearing and settlement equations. PJM proposes to
revise or add the text shown in bold marked-up form below:

(g)
To determine the performance Regulation market performance
clearing price for the each Regulation Zone, the Office of the Interconnection
shall adjust the submitted performance offer for each resource in accordance with
the historical performance of that resource, the amount of Regulation that
resource will be dispatched based on the ratio of control signals calculated by the
Office of the Interconnection, and the unit-specific Regulation Rate of Technical
Substitution benefits factor described in subsection (kj) of this section for which
that resource is qualified. The maximum adjusted performance offer of all cleared
resources will set the performance Regulation market performance clearing
price.
The owner of each Regulation resource that actively follows the Office of the
Interconnection’s Regulation signals and instructions, will be credited for
Regulation performance by multiplying the assigned MW(s) by the performance
Regulation market performance clearing price, by the Regulation Marginal
Rate of Technical Substitution ratio between the requested mileage for the
Regulation dispatch signal assigned to the Regulation resource and the
Regulation dispatch signal assigned to traditional resources, and by the
Regulation resource’s performance accuracy score calculated in accordance
with subsection (lk) of this section.
PJM proposes to modify subsection (h) of section 3.2.2 to reflect how capability clearing
price, or CCP, will be used in the clearing and settlement equations. PJM proposes to revise or
add the text shown in bold marked-up form below:

(h)
The Office of the Interconnection shall divide each Regulation
resource’s capability offer by the unit-specific Regulation Rate of Technical
Substitution benefits factor described in subsection (kj) of this section and also
divided by the historic performance accuracy score of for the resource for the
purposes of committing resources and setting the market clearing prices. The
Office of the Interconnection shall calculate the capability Regulation market
capability clearing price for the each Regulation Zone by subtracting the
performance Regulation market performance clearing price described in
subsection (g) from the total Regulation market clearing price described in

Kimberly D. Bose, Secretary
October 17, 2017
Page 34

subsection (c). This residual sets the capability Regulation market capability
clearing price for that market hour. The owner of each Regulation resource that
actively follows the Office of the Interconnection’s Regulation signals and
instructions will be credited for Regulation capability based on the assigned MW
and the capability Regulation market capability clearing price multiplied by the
Regulation Marginal Rate of Technical Substitution, and the Regulation
resource’s performance accuracy score calculated in accordance with subsection
(lk) of this section.
PJM proposes to add a new subsection (j) of section 3.2.2 to incorporate the new RRTS
Curve, as follows:

(j)
As further detailed in PJM Manuals, the Regulation Rate of
Technical Substitution Curve shall be calculated using engineering models to
determine the combinations of the dynamic Regulation signal and traditional
Regulation signal that provide equivalent system control.
PJM proposes to modify prior subsection (j) (now subsection (k) under these proposed
revisions) of section 3.2.2 to reflect replacement of the benefits factor curve with the RRTS
Curve in the clearing process. PJM proposes to revise or add the text shown in bold marked-up
form below:

(kj) The Office of the Interconnection shall calculate a unit-specific
Regulation Rate of Technical Substitution benefits factor for each resource
assigned to the of the dynamic Regulation signal and the traditional Regulation
signal based on their order in the merit order stack for the applicable
Regulation signal, in accordance with the PJM Manuals. Each resource shall be
assigned a unit-specific benefits factor based on their order in the merit
order stack for the applicable Regulation signal. The unit-specific Regulation
Rate of Technical Substitution benefits factor is the point on the Regulation
Rate of Technical Substitution benefits factor Ccurve that aligns with the last
megawatt, adjusted by historical performance, that resource will add to the
dynamic resource stack. The unit-specific Regulation Rate of Technical
Substitution benefits factor for the traditional Regulation signal shall be equal to
one.
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PJM proposes to modify prior subsection (k) (now subsection (l) under these proposed
revisions) of section 3.2.2 to reflect changing performance score to a precision-only calculation.
PJM proposes to revise or add the text shown in bold marked-up form below:

(lk) The Office of the Interconnection shall calculate each Regulation
resource’s performance accuracy score. The performance accuracy score shall
be calculated as a function of the difference in the energy provided by the
Regulation resource versus the energy requested by the Regulation signal.
For each interval in which a resource is assigned Regulation, PJM calculates
the performance score in accordance with the following equation:

the average of a delay score, correlation score, and energy score for each ten
second interval. For purposes of setting the interval to be used for the
correlation score and delay scores, PJM will use the maximum of the
correlation score plus the delay score for each interval.
The Office of the Interconnection shall calculate the correlation score using
the following statistical correlation function (r) that measures the delay in
response between the Regulation signal and the resource change in output:
Correlation Score = rSignal,Response(δ,δ+5 Min);
δ=0 to 5 Min
where δ is delay.
The Office of the Interconnection shall calculate the delay score using the
following equation:
Delay Score = Abs ((δ- 5 Minutes) / (5 Minutes)).
The Office of the Interconnection shall calculate a energy score as a function
of the difference in the energy provided versus the energy requested by the
Regulation signal while scaling for the number of samples. The energy score
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is the absolute error (ε) as a function of the resource’s Regulation capacity
using the following equations:
Energy Score = 1 - 1/n Σ Abs (Error);
Error = Average of Abs ((Response - Regulation Signal) / (Hourly
Average Regulation Signal)); and
n = the number of samples in the hour and the energy.
The Office of the Interconnection shall calculate an accuracy score for each
Regulation resource that is the average of the delay score, correlation score,
and energy score for a five-minute period using the following equation where
the energy score, the delay score, and the correlation score are each weighted
equally:
Accuracy Score = max ((Delay Score) + (Correlation Score)) +
(Energy Score).
The historic performance accuracy score will be based on a rolling average of
the hourly performance accuracy scores, with consideration of the qualification
score, as defined in the PJM Manuals.
Finally, PJM proposes to modify Tariff, Attachment K-Appendix, subsection (b)(i) of
section 3.2.2A.1 to reflect new defined terms. PJM proposes to revise or add the text shown in
marked-up form below:

(i)
The three-pivotal supplier test will include in the definition of
available supply all offers from resources capable of satisfying the Regulation
Rrequirement of the PJM Region multiplied by the historic accuracy score of the
resource and multiplied by the unit-specific Regulation Rate of Technical
Substitution benefits factor for which the capability cost-based offer plus the
performance cost-based offer plus any eligible opportunity costs is no greater than
150 percent of the clearing price that would be calculated if all offers were limited
to cost (plus eligible opportunity costs).
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III.

STAKEHOLDER REVIEW, EFFECTIVE DATE, AND IMPLEMENTATION
The PJM Markets and Reliability Committee endorsed these proposed Tariff revisions at

its June 22, 2017 meeting in a sector-weighted vote with 3.89 in favor. 40 Subsequently, a vote
on these proposed Tariff revisions conducted at the July 27, 2017 meeting of the PJM Members
Committee passed in a sector-weighted vote with 4.238 in favor. 41
PJM respectfully requests that the Commission issue an order accepting these proposed
revisions within 90 days of the date of this submittal, with an effective date of April 1, 2018. To
allow for an effective date later than 120 days from the date of this submittal, PJM requests a
waiver of the applicable notice requirements of section 35.3(a)(1) of the Commission’s
regulations. 42
IV.

DOCUMENTS ENCLOSED
With this transmittal letter, PJM submits the following attachments:
1) Attachment A – redlined version of the proposed revised sections of the PJM
electronic tariff; and
2) Attachment B – clean version of the proposed revised sections of the PJM
electronic tariff.

40

See minutes of the June 22, 2017 Markets and Reliablity Committee meeting, http://www.pjm.com//media/committees-groups/committees/mrc/20170727/20170727-item-01-draft-minutes-mrc-20170622.ashx.
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See voting report of the July 27, 2017 Members Committee meeting, http://www.pjm.com/-/media/committeesgroups/committees/mc/20170727/20170727-mc-voting-report.ashx.
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18 C.F.R. § 35.3(a)(1).

Kimberly D. Bose, Secretary
October 17, 2017
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V.

CORRESPONDENCE AND COMMUNICATIONS
Correspondence and communications regarding this filing should be sent to the following

individuals:
Craig Glazer
Vice President–Federal Gov’t Policy
PJM Interconnection, L.L.C.
1200 G Street, N.W.
Suite 600
Washington, D.C. 20005
(202) 423-4743
craig.glazer@pjm.com
VI.

James M. Burlew
Senior Counsel
PJM Interconnection, L.L.C.
2750 Monroe Boulevard
Valley Forge Corporate Center
Audubon, PA 19403
(610) 666-4345
james.burlew@pjm.com

SERVICE
PJM has served a copy of this filing on all PJM members and on all state utility

regulatory commissions in the PJM region by posting this filing electronically. In accordance
with the Commission’s regulations, 43 PJM will post a copy of this filing to the FERC filings
section of its internet site, at the following link:

http://www.pjm.com/documents/ferc-

manuals/ferc-filings.aspx with a specific link to the newly-filed document, and will send an email on the same date as this filing to all PJM members and all state utility regulatory
commissions in the PJM region 44 alerting them this filing has been made by PJM and is available
by following such link. If the document is not immediately available by using the referenced
link, the document will be available through the referenced link within twenty-four hours of the
filing. A copy of this filing will be available on the Commission’s eLibrary website at the
following

link:

http://www.ferc.gov/docs-filing/elibrary.asp

in

accordance

with

the

Commission’s regulations and Order No. 714.
43
44

See 18C.F.R §§ 35.2(e) and 385.2010(f)(3).

PJM already maintains, updates, and regularly uses e-mail lists for all PJM Members and affected state
commissions.

Kimberly D. Bose, Secretary
October 17, 2017
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Respectfully submitted,

Craig Glazer
Vice President–Federal Gov’t Policy
PJM Interconnection, L.L.C.
1200 G Street, N.W.
Suite 600
Washington, D.C. 20005
(202) 423-4743
craig.glazer@pjm.com

James M. Burlew
Senior Counsel
PJM Interconnection, L.L.C.
2750 Monroe Boulevard
Valley Forge Corporate Center
Audubon, PA 19403
(610) 666-4345
james.burlew@pjm.com

Attachment A
Revisions to the
PJM Open Access Transmission Tariff
and PJM Operating Agreement

(Marked / Redline Format)

Section(s) of the
PJM Open Access Transmission Tariff
(Marked / Redline Format)

Definitions – R - S
Ramping Capability:
“Ramping Capability” shall mean the sustained rate of change of generator output, in megawatts
per minute.
Real-time Congestion Price:
“Real-time Congestion Price” shall mean the Congestion Price resulting from the Office of the
Interconnection’s dispatch of the PJM Interchange Energy Market in the Operating Day.
Real-time Loss Price:
“Real-time Loss Price” shall mean the Loss Price resulting from the Office of the
Interconnection’s dispatch of the PJM Interchange Energy Market in the Operating Day.
Real-time Energy Market:
“Real-time Energy Market” shall mean the purchase or sale of energy and payment of
Transmission Congestion Charges for quantity deviations from the Day-ahead Energy Market in
the Operating Day.
Real-time Offer:
“Real-time Offer” shall mean a new offer or an update to a Market Seller’s existing cost-based or
market-based offer for a clock hour, submitted after the close of the Day-ahead Energy Market.
Real-time Prices:
“Real-time Prices” shall mean the Locational Marginal Prices resulting from the Office of the
Interconnection’s dispatch of the PJM Interchange Energy Market in the Operating Day.
Real-time Settlement Interval:
“Real-time Settlement Interval” shall mean the interval used by settlements, which shall be every
five minutes.
Real-time System Energy Price:
“Real-time System Energy Price” shall mean the System Energy Price resulting from the Office
of the Interconnection’s dispatch of the PJM Interchange Energy Market in the Operating Day.
Reasonable Efforts:
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“Reasonable Efforts” shall mean, with respect to any action required to be made, attempted, or
taken by an Interconnection Party or by a Construction Party under Tariff, Part IV or Part VI, an
Interconnection Service Agreement, or a Construction Service Agreement, such efforts as are
timely and consistent with Good Utility Practice and with efforts that such party would undertake
for the protection of its own interests.
Receiving Party:
“Receiving Party” shall mean the entity receiving the capacity and energy transmitted by the
Transmission Provider to Point(s) of Delivery.
Referral:
“Referral” shall mean a formal report of the Market Monitoring Unit to the Commission for
investigation of behavior of a Market Participant, of behavior of PJM, or of a market design
flaw, pursuant to Tariff, Attachment M, section IV.I.
Reference Resource:
“Reference Resource” shall mean a combustion turbine generating station, configured with two
General Electric Frame 7FA turbines with inlet air cooling to 50 degrees, Selective Catalytic
Reduction technology all CONE Areas, dual fuel capability, and a heat rate of 10.096 Mmbtu/
MWh.
Regional Entity:
“Regional Entity” shall have the same meaning specified in the Operating Agreement.
Regional Transmission Expansion Plan:
“Regional Transmission Expansion Plan” shall mean the plan prepared by the Office of the
Interconnection pursuant to Schedule 6 of the Operating Agreement for the enhancement and
expansion of the Transmission System in order to meet the demands for firm transmission
service in the PJM Region.
Regional Transmission Group (RTG):
“Regional Transmission Group” or “RTG” shall mean a voluntary organization of transmission
owners, transmission users and other entities approved by the Commission to efficiently
coordinate transmission planning (and expansion), operation and use on a regional (and
interregional) basis.
Regulation:
“Regulation” shall mean the capability of a specific generation resource or Demand Resource
with appropriate telecommunications, control and response capability to seperately increase and
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decrease its output or adjust load in response to a regulating control signal, in accordance with
the specifications in the PJM Manuals.
Regulation Effective Megawatts:
“Regulation Effective Megawatts” shall equal the product of 1) the amount of Regulation that a
resource is providing in a given hour, 2) the resource’s historic performance score, and 3) the
resource’s Regulation Rate of Technical Substitution.
Regulation Marginal Rate of Technical Substitution:
“Regulation Marginal Rate of Technical Substitution” shall mean the Regulation Rate of
Technical Substitution assigned to the last dynamic Regulation resource committed to provide
Regulation service in a given hour.
Regulation Rate of Technical Substitution:
“Regulation Rate of Technical Substitution” shall mean a value along the Regulation Rate of
Technical Substitution Curve that translates a dynamic Regulation resource into a traditional
Regulation resource. Regulation Rate of Technical Substitution is calculated in accordance with
the PJM Manuals.
Regulation Rate of Technical Substitution Curve:
“Regulation Rate of Technical Substitution Curve” shall mean a function that defines the
operational relationship between traditional and dynamic Regulation resources utilized to meet
the Regulation Requirement. Regulation Rate of Technical Substitution Curve is calculated in
accordance with the PJM
Manuals.
Regulation Requirement:
“Regulation Requirement” shall mean the calculated Regulation Effective Megawatts required to
be maintained in a Regulation Zone, absent any increase to account for additional Regulation
scheduled to address operational uncertainty. Regulation Requirement is defined in accordance
with the PJM Manuals.
Regulation Zone:
“Regulation Zone” shall mean any of those one or more geographic areas, each consisting of a
combination of one or more Control Zone(s) as designated by the Office of the Interconnection
in the PJM Manuals, relevant to provision of, and requirements for, regulation service.
Relevant Electric Retail Regulatory Authority:
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“Relevant Electric Retail Regulatory Authority” shall mean an entity that has jurisdiction over
and establishes prices and policies for competition for providers of retail electric service to endcustomers, such as the city council for a municipal utility, the governing board of a cooperative
utility, the state public utility commission or any other such entity.
Reliability Assurance Agreement:
“Reliability Assurance Agreement” shall mean that certain Reliability Assurance Agreement
Among Load Serving Entities in the PJM Region, on file with FERC as PJM Interconnection
L.L.C. Rate Schedule FERC No. 44, and as amended from time to time thereafter.
Reliability Pricing Model Auction:
“Reliability Pricing Model Auction” or “RPM Auction” shall mean the Base Residual Auction or
any Incremental Auction, or, for the 2016/2017 and 2017/2018 Delivery Years, any Capacity
Performance Transition Incremental Auction.
Repowered / Repowering:
“Repowered” or “Repowering” shall refer to a partial or total replacement of existing steam
production equipment with new technology or a partial or total replacement of steam production
process and power generation equipment, or an addition of steam production and/or power
generation equipment, or a change in the primary fuel being used at the plant. A resource can be
considered Repowered whether or not such aforementioned replacement, addition, or fuel change
provides an increase in installed capacity, and whether or not the pre-existing plant capability is
formally deactivated or retired.
Required Transmission Enhancements:
“Regional Transmission Enhancements” shall mean enhancements and expansions of the
Transmission System that (1) a Regional Transmission Expansion Plan developed pursuant to
Schedule 6 of the Operating Agreement or (2) any joint planning or coordination agreement
between PJM and another region or transmission planning authority set forth in Tariff, Schedule
12-Appendix B (“Appendix B Agreement”) designates one or more of the Transmission
Owner(s) to construct and own or finance. Required Transmission Enhancements shall also
include enhancements and expansions of facilities in another region or planning authority that
meet the definition of transmission facilities pursuant to FERC’s Uniform System of Accounts or
have been classified as transmission facilities in a ruling by FERC addressing such facilities
constructed pursuant to an Appendix B Agreement cost responsibility for which has been
assigned at least in part to PJM pursuant to such Appendix B Agreement.
Reserved Capacity:
“Reserved Capacity” shall mean the maximum amount of capacity and energy that the
Transmission Provider agrees to transmit for the Transmission Customer over the Transmission
Provider’s Transmission System between the Point(s) of Receipt and the Point(s) of Delivery
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under Tariff, Part II. Reserved Capacity shall be expressed in terms of whole megawatts on a
sixty (60) minute interval (commencing on the clock hour) basis.
Reserve Penalty Factor:
“Reserve Penalty Factor” shall mean the cost, in $/MWh, associated with being unable to meet a
specific reserve requirement in a Reserve Zone or Reserve Sub-zone. A Reserve Penalty Factor
will be defined for each reserve requirement in a Reserve Zone or Reserve Sub-zone.
Reserve Sub-zone:
“Reserve Sub-zone” shall mean any of those geographic areas wholly contained within a Reserve
Zone, consisting of a combination of a portion of one or more Control Zone(s) as designated by
the Office of the Interconnection in the PJM Manuals, relevant to provision of, and requirements
for, reserve service.
Reserve Zone:
“Reserve Zone” shall mean any of those geographic areas consisting of a combination of one or
more Control Zone(s), as designated by the Office of the Interconnection in the PJM Manuals,
relevant to provision of, and requirements for, reserve service.
Residual Auction Revenue Rights:
“Residual Auction Revenue Rights” shall mean incremental stage 1 Auction Revenue Rights
created within a Planning Period by an increase in transmission system capability, including the
return to service of existing transmission capability, that was not modeled pursuant to Operating
Agreement, Schedule 1, section 7.5 and the parallel provisions of Tariff, Attachment KAppendix in compliance with Operating Agreement, Schedule 1, section 7.4.2 (h) and the
parallel provisions of Tariff, Attachment K-Appendix, and, if modeled, would have increased the
amount of stage 1 Auction Revenue Rights allocated pursuant to Operating Agreement, Schedule
1, section 7.4.2 and the parallel provisions of Tariff, Attachment K-Appendix; provided that, the
foregoing notwithstanding, Residual Auction Revenue Rights shall exclude: 1) Incremental
Auction Revenue Rights allocated pursuant to Tariff, Part VI; and 2) Auction Revenue Rights
allocated to entities that are assigned cost responsibility pursuant to Operating Agreement,
Schedule 6 for transmission upgrades that create such rights.
Residual Metered Load:
“Residual Metered Load” shall mean all load remaining in an electric distribution company’s
fully metered franchise area(s) or service territory(ies) after all nodally priced load of entities
serving load in such area(s) or territory(ies) has been carved out.
Resource Substitution Charge:
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“Resource Substitution Charge” shall mean a charge assessed on Capacity Market Buyers in an
Incremental Auction to recover the cost of replacement Capacity Resources.
Revenue Data for Settlements:
“Revenue Data for Settlements” shall mean energy quantities used in accounting and billing as
determined pursuant to Tariff, Attachment K-Appendix and the corresponding provisions of
Operating Agreement, Schedule 1.
RPM Seller Credit:
“RPM Seller Credit” shall mean an additional form of Unsecured Credit defined in Tariff,
Attachment Q, section IV.
Scheduled Incremental Auctions:
“Scheduled Incremental Auctions” shall refer to the First, Second, or Third Incremental Auction.
Schedule of Work:
“Schedule of Work” shall mean that schedule attached to the Interconnection Construction
Service Agreement setting forth the timing of work to be performed by the Constructing Entity
pursuant to the Interconnection Construction Service Agreement, based upon the Facilities Study
and subject to modification, as required, in accordance with Transmission Provider’s scope
change process for interconnection projects set forth in the PJM Manuals.
Scope of Work:
“Scope of Work” shall mean that scope of the work attached as a schedule to the Interconnection
Construction Service Agreement and to be performed by the Constructing Entity(ies) pursuant to
the Interconnection Construction Service Agreement, provided that such Scope of Work may be
modified, as required, in accordance with Transmission Provider’s scope change process for
interconnection projects set forth in the PJM Manuals.
Seasonal Capacity Performance Resource:
“Seasonal Capacity Performance Resource” shall have the same meaning specified in Tariff,
Attachment DD, section 5.5A.
Secondary Systems:
“Secondary Systems” shall mean control or power circuits that operate below 600 volts, AC or
DC, including, but not limited to, any hardware, control or protective devices, cables,
conductors, electric raceways, secondary equipment panels, transducers, batteries, chargers, and
voltage and current transformers.
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Second Incremental Auction:
“Second Incremental Auction” shall mean an Incremental Auction conducted ten months before
the Delivery Year to which it relates.
Security:
“Security” shall mean the security provided by the New Service Customer pursuant to Section
212.4 or Section 213.4 of the Tariff to secure the New Service Customer’s responsibility for
Costs under the Interconnection Service Agreement or Upgrade Construction Service Agreement
and Section 217 of the Tariff.
Segment:
“Segment” shall have the same meaning as described in section 3.2.3(e) of Schedule 1 of this
Agreement.
Self-Supply:
“Self-Supply” shall mean Capacity Resources secured by a Load-Serving Entity, by ownership
or contract, outside a Reliability Pricing Model Auction, and used to meet obligations under this
Attachment or the Reliability Assurance Agreement through submission in a Base Residual
Auction or an Incremental Auction of a Sell Offer indicating such Market Seller’s intent that
such Capacity Resource be Self-Supply. Self-Supply may be either committed regardless of
clearing price or submitted as a Sell Offer with a price bid. A Load Serving Entity's Sell Offer
with a price bid for an owned or contracted Capacity Resource shall not be deemed “SelfSupply,” unless it is designated as Self-Supply and used by the LSE to meet obligations under
this Attachment or the Reliability Assurance Agreement.
Sell Offer:
“Sell Offer” shall mean an offer to sell Capacity Resources in a Base Residual Auction,
Incremental Auction, or Reliability Backstop Auction.
Service Agreement:
“Service Agreement” shall mean the initial agreement and any amendments or supplements
thereto entered into by the Transmission Customer and the Transmission Provider for service
under the Tariff.
Service Commencement Date:
“Service Commencement Date” shall mean the date the Transmission Provider begins to provide
service pursuant to the terms of an executed Service Agreement, or the date the Transmission
Provider begins to provide service in accordance with Section 15.3 or Section 29.1 under the
Tariff.
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Short-Term Firm Point-To-Point Transmission Service:
“Short-Term Firm Point-To-Point Transmission Service” shall mean Firm Point-To-Point
Transmission Service under Tariff, Part II with a term of less than one year.
Short-term Project:
“Short-term Project” shall have the same meaning provided in the Operating Agreement.
Short-Term Resource Procurement Target:
“Short-Term Resource Procurement Target” shall mean, for Delivery Years through May 31,
2018, as to the PJM Region, for purposes of the Base Residual Auction, 2.5% of the PJM Region
Reliability Requirement determined for such Base Residual Auction, for purposes of the First
Incremental Auction, 2% of the of the PJM Region Reliability Requirement as calculated at the
time of the Base Residual Auction; and, for purposes of the Second Incremental Auction, 1.5%
of the of the PJM Region Reliability Requirement as calculated at the time of the Base Residual
Auction; and, as to any Zone, an allocation of the PJM Region Short-Term Resource
Procurement Target based on the Preliminary Zonal Forecast Peak Load, reduced by the amount
of load served under the FRR Alternative. For any LDA, the LDA Short-Term Resource
Procurement Target shall be the sum of the Short-Term Resource Procurement Targets of all
Zones in the LDA.
Short-Term Resource Procurement Target Applicable Share:
“Short-Term Resource Procurement Target Applicable Share” shall mean, for Delivery Years
through May 31, 2018: (i) for the PJM Region, as to the First and Second Incremental Auctions,
0.2 times the Short-Term Resource Procurement Target used in the Base Residual Auction and,
as to the Third Incremental Auction for the PJM Region, 0.6 times such target; and (ii) for an
LDA, as to the First and Second Incremental Auctions, 0.2 times the Short-Term Resource
Procurement Target used in the Base Residual Auction for such LDA and, as to the Third
Incremental Auction, 0.6 times such target.
Site:
“Site” shall mean all of the real property, including but not limited to any leased real property
and easements, on which the Customer Facility is situated and/or on which the Customer
Interconnection Facilities are to be located.
Small Commercial Customer:
“Small Commercial Customer,” as used in RAA, Schedule 6 and Tariff, Attachment DD-1, shall
mean a commercial retail electric end-use customer of an electric distribution company that
participates in a mass market demand response program under the jurisdiction of a RERRA and
satisfies the definition of a “small commercial customer” under the terms of the applicable
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RERRA’s program, provided that the customer has an annual peak demand no greater than
100kW.
Small Generation Resource:
“Small Generation Resource” shall mean an Interconnection Customer’s device of 20 MW or
less for the production and/or storage for later injection of electricity identified in an
Interconnection Request, but shall not include the Interconnection Customer’s Interconnection
Facilities. This term shall include Energy Storage Resources and/or other devices for storage for
later injection of energy.
Small Inverter Facility:
“Small Inverter Facility” shall mean an Energy Resource that is a certified small inverter-based
facility no larger than 10 kW.
Small Inverter ISA:
“Small Inverter ISA” shall mean an agreement among Transmission Provider, Interconnection
Customer, and Interconnected Transmission Owner regarding interconnection of a Small Inverter
Facility under Tariff, Part IV, section 112B.
Special Member:
“Special Member” shall mean an entity that satisfies the requirements of Operating Agreement,
Schedule 1, section 1.5A.02, and the parallel provisions of Tariff, Attachment K-Appendix, or
the special membership provisions established under the Emergency Load Response and PreEmergency Load Response Programs.
Spot Market Backup:
“Spot Market Backup” shall mean the purchase of energy from, or the delivery of energy to, the
PJM Interchange Energy Market in quantities sufficient to complete the delivery or receipt
obligations of a bilateral contract that has been curtailed or interrupted for any reason.
Spot Market Energy:
“Spot Market Energy” shall mean energy bought or sold by Market Participants through the PJM
Interchange Energy Market at System Energy Prices determined as specified in Operating
Agreement, Schedule 1, section 2, and the parallel provisions of Tariff, Attachment K-Appendix.
Start Additional Labor Costs:
“Start Additional Labor Costs” shall mean additional labor costs for startup required above
normal station manning levels.
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Start-Up Costs:
“Start-Up Costs” shall mean the unit costs to bring the boiler, turbine and generator from
shutdown conditions to the point after breaker closure which is typically indicated by
telemetered or aggregated state estimator megawatts greater than zero and is determined based
on the cost of start fuel, total fuel-related cost, performance factor, electrical costs (station
service), start maintenance adder, and additional labor cost if required above normal station
manning. Start-Up Costs can vary with the unit offline time being categorized in three unit
temperature conditions: hot, intermediate and cold.
State:
“State” shall mean the District of Columbia and any State or Commonwealth of the United
States.
State Commission:
“State Commission” shall mean any state regulatory agency having jurisdiction over retail
electricity sales in any State in the PJM Region.
State Estimator:
“State Estimator” shall mean the computer model of power flows specified in Operating
Agreement, Schedule 1, section 2.3 and the parallel provisions of Tariff, Attachment KAppendix.
Station Power:
“Station Power” shall mean energy used for operating the electric equipment on the site of a
generation facility located in the PJM Region or for the heating, lighting, air-conditioning and
office equipment needs of buildings on the site of such a generation facility that are used in the
operation, maintenance, or repair of the facility. Station Power does not include any energy (i)
used to power synchronous condensers; (ii) used for pumping at a pumped storage facility; (iii)
used for compressors at a compressed air energy storage facility; (iv) used for charging an
Energy Storage Resource or a Capacity Storage Resource; or (v) used in association with
restoration or black start service.
Sub-Annual Resource Constraint:
“Sub-Annual Resource Constraint” shall mean, for the 2017/2018 Delivery Year and for FRR
Capacity Plans the 2017/2018 and 2018/2019 Delivery Years, for the PJM Region or for each
LDA for which the Office of the Interconnection is required under section 5.10(a) of Tariff
Attachment DD to establish a separate VRR Curve for a Delivery Year, a limit on the total
amount of Unforced Capacity that can be committed as Limited Demand Resources and
Extended Summer Demand Resources for the 2017/2018 Delivery Year in the PJM Region or in
such LDA, calculated as the Sub-Annual Resource Reliability Target for the PJM Region or for
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such LDA, respectively, minus the Short-Term Resource Procurement Target for the PJM
Region or for such LDA, respectively.
Sub-Annual Resource Price Decrement:
“Sub-Annual Resource Price Decrement” shall mean, for the 2017/2018 Delivery Year, a
difference between the clearing price for Extended Summer Demand Resources and the clearing
price for Annual Resources, representing the cost to procure additional Annual Resources out of
merit order when the Sub-Annual Resource Constraint is binding.
Sub-Annual Resource Reliability Target:
“Sub-Annual Reliability Target” for the PJM Region or an LDA, shall mean the maximum
amount of the combination of Extended Summer Demand Resources and Limited Demand
Resources in Unforced Capacity determined by PJM to be consistent with the maintenance of
reliability, stated in Unforced Capacity, that shall be used to calculate the Minimum Annual
Resource Requirement for Delivery Years through May 31, 2017 and the Sub-Annual Resource
Constraint for the 2017/2018 and 2018/2019 Delivery Years. As more fully set forth in the PJM
Manuals, PJM calculates the Sub-Annual Resource Reliability Target, by first determining a
reference annual loss of load expectation (“LOLE”) assuming no Demand Resources. The
calculation for the unconstrained portion of the PJM Region uses a daily distribution of loads
under a range of weather scenarios (based on the most recent load forecast and iteratively
shifting the load distributions to result in the Installed Reserve Margin established for the
Delivery Year in question) and a weekly capacity distribution (based on the cumulative capacity
availability distributions developed for the Installed Reserve Margin study for the Delivery Year
in question). The calculation for each relevant LDA uses a daily distribution of loads under a
range of weather scenarios (based on the most recent load forecast for the Delivery Year in
question) and a weekly capacity distribution (based on the cumulative capacity availability
distributions developed for the Capacity Emergency Transfer Objective study for the Delivery
Year in question). For the relevant LDA calculation, the weekly capacity distributions are
adjusted to reflect the Capacity Emergency Transfer Limit for the Delivery Year in question.
For both the PJM Region and LDA analyses, PJM then models the commitment of varying
amounts of DR (displacing otherwise committed generation) as interruptible from May 1 through
October 31 and unavailable from November 1 through April 30 and calculates the LOLE at each
DR level. The Extended Summer DR Reliability Target is the DR amount, stated as a percentage
of the unrestricted peak load, that produces no more than a ten percent increase in the LOLE,
compared to the reference value. The Sub-Annual Resource Reliability Target shall be
expressed as a percentage of the forecasted peak load of the PJM Region or such LDA and is
converted to Unforced Capacity by multiplying [the reliability target percentage] times [the
Forecast Pool Requirement] times [the DR Factor] times [the forecasted peak load of the PJM
Region or such LDA, reduced by the amount of load served under the FRR Alternative].
Sub-meter:
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“Sub-meter” shall mean a metering point for electricity consumption that does not include all
electricity consumption for the end-use customer as defined by the electric distribution company
account number. PJM shall only accept sub-meter load data from end-use customers for
measurement and verification of Regulation service as set forth in the Economic Load Response
rules and PJM Manuals.
Summer-Period Capacity Performance Resource:
“Summer-Period Capacity Performance Resource” shall have the same meaning specified in
Tariff, Attachment DD, section 5.5A.
Switching and Tagging Rules:
“Switching and Tagging Rules” shall mean the switching and tagging procedures of
Interconnected Transmission Owners and Interconnection Customer as they may be amended
from time to time.
Synchronized Reserve:
“Synchronized Reserve” shall mean the reserve capability of generation resources that can be
converted fully into energy or Demand Resources whose demand can be reduced within ten
minutes from the request of the Office of the Interconnection dispatcher, and is provided by
equipment that is electrically synchronized to the Transmission System.
Synchronized Reserve Event:
“Synchronized Reserve Event” shall mean a request from the Office of the Interconnection to
generation resources and/or Demand Resources able, assigned or self-scheduled to provide
Synchronized Reserve in one or more specified Reserve Zones or Reserve Sub-zones, within ten
minutes, to increase the energy output or reduce load by the amount of assigned or selfscheduled Synchronized Reserve capability.
Synchronized Reserve Requirement:
“Synchronized Reserve Requirement” shall mean the megawatts required to be maintained in a
Reserve Zone or Reserve Sub-zone as Synchronized Reserve, absent any increase to account for
additional reserves scheduled to address operational uncertainty. The Synchronized Reserve
Requirement is calculated in accordance with the PJM Manuals.
System Condition:
“System Condition” shall mean a specified condition on the Transmission Provider’s system or
on a neighboring system, such as a constrained transmission element or flowgate, that may
trigger Curtailment of Long-Term Firm Point-to-Point Transmission Service using the
curtailment priority pursuant to Tariff, Part II, section 13.6. Such conditions must be identified
in the Transmission Customer’s Service Agreement.
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System Energy Price:
“System Energy Price” shall mean the energy component of the Locational Marginal Price,
which is the price at which the Market Seller has offered to supply an additional increment of
energy from a resource, calculated as specified in Operating Agreement, Schedule 1, section 2
and the parallel provisions of Tariff, Attachment K-Appendix.
System Impact Study:
“System Impact Study” shall mean an assessment by the Transmission Provider of (i) the
adequacy of the Transmission System to accommodate a Completed Application, an
Interconnection Request or an Upgrade Request, (ii) whether any additional costs may be
incurred in order to provide such transmission service or to accommodate an Interconnection
Request, and (iii) with respect to an Interconnection Request, an estimated date that an
Interconnection Customer’s Customer Facility can be interconnected with the Transmission
System and an estimate of the Interconnection Customer’s cost responsibility for the
interconnection; and (iv) with respect to an Upgrade Request, the estimated cost of the requested
system upgrades or expansion, or of the cost of the system upgrades or expansion, necessary to
provide the requested incremental rights.
System Protection Facilities:
“System Protection Facilities” shall refer to the equipment required to protect (i) the
Transmission System, other delivery systems and/or other generating systems connected to the
Transmission System from faults or other electrical disturbance occurring at or on the Customer
Facility, and (ii) the Customer Facility from faults or other electrical system disturbance
occurring on the Transmission System or on other delivery systems and/or other generating
systems to which the Transmission System is directly or indirectly connected. System Protection
Facilities shall include such protective and regulating devices as are identified in the Applicable
Technical Requirements and Standards or that are required by Applicable Laws and Regulations
or other Applicable Standards, or as are otherwise necessary to protect personnel and equipment
and to minimize deleterious effects to the Transmission System arising from the Customer
Facility.
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3.2

Market Settlements.

If a dollar-per-MW-hour value is applied in a calculation under this section 3.2 where the
interval of the value produced in that calculation is less than an hour, then for purposes of that
calculation the dollar-per-MW hour value is divided by the number of Real-time Settlement
Intervals in the hour.
3.2.1

Spot Market Energy.

(a)
The Office of the Interconnection shall calculate System Energy Prices in the
form of Day-ahead System Energy Prices and Real-time System Energy Prices for the PJM
Region, in accordance with Section 2 of this Schedule.
(b)
Each Market Participant shall be charged for all of its Market Participant Energy
Withdrawals scheduled in the Day-ahead Energy Market at the Day-ahead System Energy Price
to be served in the PJM Interchange Energy Market.
(c)
Each Market Participant shall be paid for all of its Market Participant Energy
Injections scheduled in the Day-ahead Energy Market at the Day-ahead System Energy Price to
be delivered to the PJM Interchange Energy Market.
(d) For each Day-ahead Settlement Interval during an Operating Day, the Office of the
Interconnection shall calculate Spot Market Energy charges for each Market Participant as the
difference between the sum of its Market Participant Energy Withdrawals scheduled times the
Day-ahead System Energy Price and the sum of its Market Participant Energy Injections
scheduled times the Day-ahead System Energy Price.
(e) For each Real-time Settlement Interval during an Operating Day, the Office of the
Interconnection shall calculate Spot Market Energy charges for each Market Participant as the
difference between the sum of its real-time Market Participant Energy Withdrawals less its
scheduled Market Participant Energy Withdrawals times the Real-time System Energy Price and
the sum of its real-time Market Participant Energy Injections less scheduled Market Participant
Energy Injections times the Real-time System Energy Price. The Revenue Data for Settlements
determined for each Real-time Settlement Interval in accordance with section 3.1A of this
Schedule shall be used in determining the real-time Market Participant Energy Withdrawals and
Market Participant Energy Injections used to calculate Spot Market Energy charges under this
subsection (e).
(f) For pool External Resources, the Office of the Interconnection shall model, based on
an appropriate flow analysis, the megawatts of real-time energy injections to be delivered from
each such resource to the corresponding Interface Pricing Point between adjacent Control Areas
and the PJM Region.
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3.2.2

Regulation.

(a)
Each Market Participant that is a Load Serving Entity in a Regulation Zone shall
have an hourly Regulation objective equal to its pro rata share of the Regulation requirements of
such Regulation Zone for the hour, based on the Market Participant’s total load (net of operating
Behind The Meter Generation, but not to be less than zero) in such Regulation Zone for the hour
(“Regulation Obligation”). A Market Participant with an hourly Regulation Obligation shall be
charged the pro rata share of the sum of the quantity of regulation provided in each Real-time
Settlement Interval times the clearing price for all Real-time Settlement Intervals in the hour
associated with that obligation.
(b)
Each Market Participant supplying Regulation in a Regulation Zone at the
direction of the Office of the Interconnection shall be credited for each of its resources such that
the calculated credit for each increment of Regulation provided by each resource shall be the
higher of: (i) the Regulation market-clearing price; or (ii) the sum of the applicable Regulation
offers for a resource determined pursuant to Section 3.2.2A.1 of this Schedule, the unit-specific
shoulder hour opportunity costs described in subsection (e) of this section, the unit-specific intertemporal opportunity costs, and the unit-specific opportunity costs discussed in subsection (d) of
this section.
(c)
The total Regulation market-clearing price in each Regulation Zone shall be
determined for each Real-time Settlement Interval. The total Regulation market-clearing price
shall include: (i) the performance Regulation market-clearing price in a Regulation Zone that
shall be calculated in accordance with subsection (g) of this section; (ii) the capability Regulation
market-clearing price that shall be calculated in accordance with subsection (h) of this section;
and (iii) a Regulation resource’s unit-specific opportunity costs during the 5-minute period,
determined as described in subsection (d) below, divided by the unit-specific benefits
factorRegulation Rate of Technical Substitution described in subsection (jk) of this section and
divided by the historic accuracyperformance score of the resource from among the resources
selected to provide Regulation. A resource’s Regulation offer by any Market Seller that fails the
three-pivotal supplier test set forth in section 3.2.2A.1 of this Schedule shall not exceed the cost
of providing Regulation from such resource, plus twelve dollars, as determined pursuant to the
formula in section 1.10.1A(e) of this Schedule.
(d)
In determining the Regulation 5-minute clearing price for each Regulation Zone,
the estimated unit-specific opportunity costs of a generation resource offering to sell Regulation
in each regulating hour, except for hydroelectric resources, shall be equal to the product of (i) the
deviation of the set point of the generation resource that is expected to be required in order to
provide Regulation from the generation resource’s expected output level if it had been
dispatched in economic merit order times, (ii) the absolute value of the difference between the
expected Locational Marginal Price at the generation bus for the generation resource and (a) for
offline resources that will be brought online solely for regulation, the lessercheapest of the
available market-based or highest available cost-based energy schedulesoffer from the generation
resource (at the megawatt level of the Regulation set point for the resource) in the PJM
Interchange Energy Market or (b) for online resources, the schedule on which the resource was
committed for energy.
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For hydroelectric resources offering to sell Regulation in a regulating hour, the estimated unitspecific opportunity costs for each hydroelectric resource in spill conditions as defined in the
PJM Manuals will be the full value of the Locational Marginal Price at that generation bus for
each megawatt of Regulation capability.
The estimated unit-specific opportunity costs for each hydroelectric resource that is not in spill
conditions as defined in the PJM Manuals and has a day-ahead megawatt commitment greater
than zero shall be equal to the product of (i) the deviation of the set point of the hydroelectric
resource that is expected to be required in order to provide Regulation from the hydroelectric
resource’s expected output level if it had been dispatched in economic merit order times (ii) the
difference between the expected Locational Marginal Price at the generation bus for the
hydroelectric resource and the average of the Locational Marginal Price at the generation bus for
the appropriate on-peak or off-peak period as defined in the PJM Manuals, excluding those hours
during which all available units at the hydroelectric resource were operating. Estimated
opportunity costs shall be zero for hydroelectric resources for which the average Locational
Marginal Price at the generation bus for the appropriate on-peak or off-peak period, excluding
those Real-time Settlement Intervals during which all available units at the hydroelectric resource
were operating is higher than the actual Locational Marginal Price at the generator bus for the
Real-time Settlement Interval.
The estimated unit-specific opportunity costs for each hydroelectric resource that is not in spill
conditions as defined in the PJM Manuals and does not have a day-ahead megawatt commitment
greater than zero shall be equal to the product of (i) the deviation of the set point of the
hydroelectric resource that is expected to be required in order to provide Regulation from the
hydroelectric resource’s expected output level if it had been dispatched in economic merit order
times (ii) the difference between the average of the Locational Marginal Price at the generation
bus for the appropriate on-peak or off-peak period as defined in the PJM Manuals, excluding
those hours during which all available units at the hydroelectric resource were operating and the
expected Locational Marginal Price at the generation bus for the hydroelectric resource.
Estimated opportunity costs shall be zero for hydroelectric resources for which the actual
Locational Marginal Price at the generator bus for the Real-time Settlement Interval is higher
than the average Locational Marginal Price at the generation bus for the appropriate on-peak or
off-peak period, excluding those Real-time Settlement Intervals during which all available units
at the hydroelectric resource were operating.
For the purpose of committing resources and setting Regulation market clearing prices, the
Office of the Interconnection shall utilize day-ahead Locational Marginal Prices to calculate
opportunity costs for hydroelectric resources. For the purposes of settlements, the Office of the
Interconnection shall utilize the real-time Locational Marginal Prices to calculate opportunity
costs for hydroelectric resources.
Estimated opportunity costs for Demand Resources to provide Regulation are zero.
(e)
In determining the credit under subsection (b) to a Market Participant selected to
provide Regulation in a Regulation Zone and that actively follows the Office of the
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Interconnection’s Regulation signals and instructions, the unit-specific opportunity cost of a
generation resource shall be determined for (1) each Real-time Settlement Interval that the Office
of the Interconnection requires a generation resource to provide Regulation, and (2) the last three
Real-time Settlement Intervals of the preceding shoulder hour and the first three Real-time
Settlement Intervals of the following shoulder hour in accordance with the PJM Manuals and
below.
The unit-specific opportunity cost incurred during the Real-time Settlement Interval in which the
Regulation obligation is fulfilled shall be equal to the product of (i) the deviation of the
generation resource’s output necessary to follow the Office of the Interconnection’s Regulation
signals from the generation resource’s expected output level if it had been dispatched in
economic merit order times (ii) the absolute value of the difference between the Locational
Marginal Price at the generation bus for the generation resource and the lesser of the available
market-based or highest available cost-based energy offer from the generation resource (the
schedule on which the resource was committed at the actual megawatt level of the resource when
the actual megawatt level is within the tolerance defined in the PJM Manuals for the Regulation
set point, or at the Regulation set point for the resource when it is not within the corresponding
tolerance in the PJM Interchange Energy Market. Opportunity costs for Demand Resources to
provide Regulation are zero.
The unit-specific opportunity costs associated with uneconomic operation during each of the
preceding three Real-time Settlement Intervals of the shoulder hour shall be equal to the product
of (i) the deviation between the set point of the generation resource that is expected to be
required in the initial regulating Real-time Settlement Interval in order to provide Regulation and
the resource’s expected output in each of the preceding three Real-time Settlement Intervals of
the shoulder hour times (ii) the absolute value of the difference between the Locational Marginal
Price at the generation bus for the generation resource in each of the preceding three Real-time
Settlement Intervals of the shoulder hour and the lesser of the available market-based or highest
available cost-based energy offer from the generation resource ( the schedule on which the
resource is committed at the megawatt level of the Regulation set point for the resource in the
initial regulating Real-time Settlement Interval in the PJM Interchange Energy Market, all as
determined by the Office of the Interconnection in accordance with procedures specified in the
PJM Manuals.
The unit-specific opportunity costs associated with uneconomic operation during each of the
following three Real-time Settlement Intervals of the shoulder hour shall be equal to the product
of (i) the deviation between the set point of the generation resource that is expected to be
required in the final regulating Real-time Settlement Interval in order to provide Regulation and
the resource’s expected output in each of the following three Real-time Settlement Intervals of
the shoulder hour times (ii) the absolute value of the difference between the Locational Marginal
Price at the generation bus for the generation resource in each of the following three Real-time
Settlement Intervals of the shoulder hour and the lesser of the available market-based or highest
available cost-based energy offer from the generation resource (the schedule on which the
resource is committed at the megawatt level of the Regulation set point for the resource in final
regulating hour in the PJM Interchange Energy Market all as determined by the Office of the
Interconnection in accordance with procedures specified in the PJM Manuals.
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(f)
Any amounts credited for Regulation in an hour in excess of the Regulation
market-clearing price in that hour shall be allocated and charged to each Market Participant in a
Regulation Zone that does not meet its hourly Regulation obligation in proportion to its
purchases of Regulation in such Regulation Zone in megawatt-hours during that hour.
(g)
To determine the performance Regulation market performance-clearing price for
the each Regulation Zone, the Office of the Interconnection shall adjust the submitted
performance offer for each resource in accordance with the historical performance of that
resource, the amount of Regulation that resource will be dispatched based on the ratio of control
signals calculated by the Office of the Interconnection, and the unit-specific Regulation Rate of
Technical Substitutionbenefits factor described in subsection (kj) of this section for which that
resource is qualified. The maximum adjusted performance offer of all cleared resources will set
the performance Regulation market performance-clearing price.
The owner of each Regulation resource that actively follows the Office of the Interconnection’s
Regulation signals and instructions, will be credited for Regulation performance by multiplying
the assigned MW(s) by the performance Regulation market performance-clearing price, by the
Regulation Marginal Rate of Technical Substitutionratio between the requested mileage for the
Regulation dispatch signal assigned to the Regulation resource and the Regulation dispatch
signal assigned to traditional resources, and by the Regulation resource’s accuracyperformance
score calculated in accordance with subsection (lk) of this section.
(h)
The Office of the Interconnection shall divide each Regulation resource’s
capability offer by the unit-specific Regulation Rate of Technical Substitutionbenefits factor
described in subsection (kj) of this section and also divided by the historic accuracyperformance
score offor the resource for the purposes of committing resources and setting the market clearing
prices.
The Office of the Interconnection shall calculate the capability Regulation market- capability
clearing price for theeach Regulation Zone by subtracting the performance Regulation marketcapability clearing price described in subsection (g) from the total Regulation market clearing
price described in subsection (c). This residual sets the capability Regulation market capability
clearing price for that market Real-time Settlement Interval.
The owner of each Regulation resource that actively follows the Office of the Interconnection’s
Regulation signals and instructions will be credited for Regulation capability based on the
assigned MW and the capability Regulation market- capability clearing price multiplied by the
Regulation Marginal Rate of Technical Substitution, and the Regulation resource’s
accuracyperformance score calculated in accordance with subsection (kl) of this section.
(i)
In accordance with the processes described in the PJM Manuals, the Office of the
Interconnection shall: (i) calculate inter-temporal opportunity costs for each applicable resource;
(ii) include such inter-temporal opportunity costs in each applicable resource’s offer to sell
frequency Regulation service; and (iii) account for such inter-temporal opportunity costs in the
Regulation market-clearing price.
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(j)
As further detailed in PJM Manuals, the Regulation Rate of Technical
Substitution Curve shall be calculated using engineering models to determine the combinations
of the dynamic Regulation signal and traditional Regulation signal that provide equivalent
system control.
(kj)
The Office of the Interconnection shall calculate a unit-specific benefits
factorRegulation Rate of Technical Substitution for each resource assigned to the of the dynamic
Regulation signal and the traditional Regulation signal based on their order in the merit order
stack for the applicable Regulation signal, in accordance with the PJM Manuals. Each resource
shall be assigned a unit-specific benefits factor based on their order in the merit order stack for
the applicable Regulation signal. The unit-specific benefits factorRegulation Rate of Technical
Substitution is the point on the benefits factorRegulation Rate of Technical Substitution Ccurve
that aligns with the last megawatt, adjusted by historical performance, that resource will add to
the dynamic resource stack. The unit-specific Regulation Rate of Technical Substitutionbenefits
factor for the traditional Regulation signal shall be equal to one.
(lk)
The Office of the Interconnection shall calculate each Regulation resource’s
performanceaccuracy score. The performanceaccuracy score shall be calculated as a function of
the difference in the energy provided by the Regulation resource versus the energy requested by
the Regulation signal. For each interval in which a resource is assigned Regulation, PJM
calculates the performance score in accordance with the following equation:
the average of a delay score, correlation score, and energy score for each ten second interval.
For purposes of setting the interval to be used for the correlation score and delay scores, PJM
will use the maximum of the correlation score plus the delay score for each interval.

The Office of the Interconnection shall calculate the correlation score using the following
statistical correlation function (r) that measures the delay in response between the Regulation
signal and the resource change in output:
Correlation Score = rSignal,Response(δ,δ+5 Min);
δ=0 to 5 Min

where δ is delay.
The Office of the Interconnection shall calculate the delay score using the following equation:
Delay Score = Abs ((δ- 5 Minutes) / (5 Minutes)).
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The Office of the Interconnection shall calculate an energy score as a function of the difference
in the energy provided versus the energy requested by the Regulation signal while scaling for the
number of samples. The energy score is the absolute error (ε) as a function of the resource’s
Regulation capacity using the following equations:
Energy Score = 1 - 1/n ∑ Abs (Error);
Error = Average of Abs ((Response - Regulation Signal) / (Hourly Average Regulation
Signal)); and
n = the number of samples in the hour and the energy.
The Office of the Interconnection shall calculate an accuracy score for each Regulation resource
that is the average of the delay score, correlation score, and energy score for a five-minute period
using the following equation where the energy score, the delay score, and the correlation score
are each weighted equally:
Accuracy Score = max ((Delay Score) + (Correlation Score)) + (Energy Score).
The historic accuracyperformance score will be based on a rolling average of the Real-time
Settlement Interval accuracyperformance scores, with consideration of the qualification score, as
defined in the PJM Manuals.
3.2.2A Offer Price Caps.
3.2.2A.1

Applicability.

(a)
Each hour, the Office of the Interconnection shall conduct a three-pivotal supplier
test as described in this section. Regulation offers from Market Sellers that fail the three-pivotal
supplier test shall be capped in the hour in which they failed the test at their cost based offers as
determined pursuant to section 1.10.1A(e) of this Schedule. A Regulation supplier fails the
three-pivotal supplier test in any hour in which such Regulation supplier and the two largest
other Regulation suppliers are jointly pivotal.
(b)
For the purposes of conducting the three-pivotal supplier test pursuant to this
section, the following applies:
(i)
The three-pivotal supplier test will include in the definition of available
supply all offers from resources capable of satisfying the Regulation rRequirement of the
PJM Region multiplied by the historic accuracy score of the resource and multiplied by
the unit-specific benefits factorRegulation Rate of Technical Substitution for which the
capability cost-based offer plus the performance cost-based offer plus any eligible
opportunity costs is no greater than 150 percent of the clearing price that would be
calculated if all offers were limited to cost (plus eligible opportunity costs).
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(ii)
The three-pivotal supplier test will apply on a Regulation supplier basis
(i.e. not a resource by resource basis) and only the Regulation suppliers that fail the threepivotal supplier test will have their Regulation offers capped. A Regulation supplier for
the purposes of this section includes corporate affiliates. Regulation from resources
controlled by a Regulation supplier or its affiliates, whether by contract with unaffiliated
third parties or otherwise, will be included as Regulation of that Regulation supplier.
Regulation provided by resources owned by a Regulation supplier but controlled by an
unaffiliated third party, whether by contract or otherwise, will be included as Regulation
of that third party.
(iii) Each supplier shall be ranked from the largest to the smallest offered
megawatt of eligible Regulation supply adjusted by the historic performance of each
resource and the unit-specific benefits factor. Suppliers are then tested in order, starting
with the three largest suppliers. For 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 to determine the residual supply index. Where the residual
supply index for three pivotal suppliers 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 third supplier result in a residual supply index greater than 1.0, at which point the
remaining suppliers pass the test. Any resource owner that fails the three-pivotal supplier
test will be offer-capped.

3.2.3

Operating Reserves.

(a)
A Market Seller’s pool-scheduled resources capable of providing Operating
Reserves shall be credited as specified below based on the applicable offer for the operation of
such resource, provided that the resource was available for the entire time specified in the Offer
Data for such resource. To the extent that Section 3.2.3A.01 of Schedule 1 of this Agreement
does not meet the Day-ahead Scheduling Reserves Requirement, the Office of the
Interconnection shall schedule additional Operating Reserves pursuant to Section 1.7.17 and 1.10
of Schedule 1 of this Agreement. In addition the Office of the Interconnection shall schedule
Operating Reserves pursuant to those sections to satisfy any unforeseen Operating Reserve
requirements that are not reflected in the Day-ahead Scheduling Reserves Requirement.
(b)
The following determination shall be made for each pool-scheduled resource that
is scheduled in the Day-ahead Energy Market: the total offered price for Start-up Costs and Noload Costs and energy, determined on the basis of the resource’s scheduled output, shall be
compared to the total value of that resource’s energy – as determined by the Day-ahead Energy
Market and the Day-ahead Prices applicable to the relevant generation bus in the Day-ahead
Energy Market. PJM shall also (i) determine whether any resources were scheduled in the Dayahead Energy Market to provide Black Start service, Reactive Services or transfer interface
control during the Operating Day because they are known or expected to be needed to maintain
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system reliability in a Zone during the Operating Day in order to minimize the total cost of
Operating Reserves associated with the provision of such services and reflect the most accurate
possible expectation of real-time operating conditions in the day-ahead model, which resources
would not have otherwise been committed in the day-ahead security-constrained dispatch and (ii)
report on the day following the Operating Day the megawatt quantities scheduled in the Dayahead Energy Market for the above-enumerated purposes for the entire RTO.
Except as provided in Section 3.2.3(n), if the total offered price for Start-up Costs (shutdown
costs for Demand Resources) and No-load Costs and energy summed over all Day-ahead
Settlement Intervals exceeds the total value summed over all Day-ahead Settlement Intervals, the
difference shall be credited to the Market Seller.
The Office of the Interconnection shall apply any balancing Operating Reserve credits allocated
pursuant to this Section 3.2.3(b) to real-time deviations or real-time load share plus exports,
pursuant to Section 3.2.3(p), depending on whether the balancing Operating Reserve credits are
related to resources scheduled during the reliability analysis for an Operating Day, or during the
actual Operating Day.
(i)
For resources scheduled by the Office of the Interconnection during the
reliability analysis for an Operating Day, the associated balancing Operating Reserve
credits shall be allocated based on the reason the resource was scheduled according to the
following provisions:
(A)
If the Office of the Interconnection determines during the
reliability analysis for an Operating Day that a resource was 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, the associated balancing Operating Reserve credits, identified as RA
Credits for Deviations, shall be allocated to real-time deviations.
(B)
If the Office of the Interconnection determines during the
reliability analysis for an Operating Day that a resource was committed to
maintain system reliability, the associated balancing Operating Reserve credits,
identified as RA Credits for Reliability, shall be allocated according to ratio share
of real time load plus export transactions.
(C)
If the Office of the Interconnection determines during the
reliability analysis for an Operating Day that a resource with a day-ahead
schedule is required to deviate from that schedule to provide balancing Operating
Reserves, the associated balancing Operating Reserve credits shall be segmented
and separately allocated pursuant to subsections 3.2.3(b)(i)(A) or 3.2.3(b)(i)(B)
hereof. Balancing Operating Reserve credits for such resources will be identified
in the same manner as units committed during the reliability analysis pursuant to
subsections 3.2.3(b)(i)(A) and 3.2.3(b)(i)(B) hereof.
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(ii)
For resources scheduled during an Operating Day, the associated
balancing Operating Reserve credits shall be allocated according to the following
provisions:
(A)
If the Office of the Interconnection directs a resource to operate
during an Operating Day to provide balancing Operating Reserves, the associated
balancing Operating Reserve credits, identified as RT Credits for Reliability, shall
be allocated according to ratio share of load plus exports. The foregoing
notwithstanding, credits will be applied pursuant to this section only if the LMP at
the resource's bus does not meet or exceed the applicable offer of the resource for
at least four 5-minute intervals during one or more discrete clock hours during
each period the resource operated and produced MWs during the relevant
Operating Day. If a resource operated and produced MWs for less than four 5minute intervals during one or more discrete clock hours during the relevant
Operating Day, the credits for that resource during the hour it was operated less
than four 5-minute intervals will be identified as being in the same category (RT
Credits for Reliability or RT Credits for Deviations) as identified for the
Operating Reserves for the other discrete clock hours.
(B)
If the Office of the Interconnection directs a resource not covered
by Section 3.2.3(b)(ii)(A) hereof to operate in real-time during an Operating Day,
the associated balancing Operating Reserve credits, identified as RT Credits for
Deviations, shall be allocated according to real-time deviations from day-ahead
schedules.
(iii) PJM shall post on its Web site the aggregate amount of MWs committed
that meet the criteria referenced in subsections (b)(i) and (b)(ii) hereof.
(c)
The sum of the foregoing credits calculated in accordance with Section 3.2.3(b)
plus any unallocated charges from Section 3.2.3(h) and 5.1.7, and any shortfalls paid pursuant to
the Market Settlement provision of the Day-ahead Economic Load Response Program, shall be
the cost of Operating Reserves in the Day-ahead Energy Market.
(d)
The cost of Operating Reserves in the Day-ahead Energy Market shall be
allocated and charged to each Market Participant in proportion to the sum of its (i) scheduled
load (net of Behind The Meter Generation expected to be operating, but not to be less than zero),
accepted Decrement Bids in the Day-ahead Energy Market in megawatt-hours for that Operating
Day, and the scheduled megawatt-hours at the specified sink of an accepted Up-to Congestion
Transaction; and (ii) scheduled energy sales in the Day-ahead Energy Market from within the
PJM Region to load outside such region in megawatt-hours for that Operating Day, but not
including its bilateral transactions that are Dynamic Transfers to load outside such area pursuant
to Section 1.12, except to the extent PJM scheduled resources to provide Black Start service,
Reactive Services or transfer interface control. The cost of Operating Reserves in the Day-ahead
Energy Market for resources scheduled to provide Black Start service for the Operating Day
which resources would not have otherwise been committed in the day-ahead security constrained
dispatch shall be allocated by ratio share of the monthly transmission use of each Network
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Customer or Transmission Customer serving Zone Load or Non-Zone Load, as determined in
accordance with the formulas contained in Schedule 6A of the PJM Tariff. The cost of
Operating Reserves in the Day-ahead Energy Market for resources scheduled to provide Reactive
Services or transfer interface control because they are known or expected to be needed to
maintain system reliability in a Zone during the Operating Day and would not have otherwise
been committed in the day-ahead security constrained dispatch shall be allocated and charged to
each Market Participant in proportion to the sum of its real-time deliveries of energy to load (net
of operating Behind The Meter Generation) in such Zone, served under Network Transmission
Service, in megawatt-hours during that Operating Day, as compared to all such deliveries for all
Market Participants in such Zone.
(e)
At the end of each Operating Day, the following determination shall be made for
each synchronized pool-scheduled resource of each Market Seller that operates as requested by
the Office of the Interconnection. For each calendar day, pool-scheduled resources in the Realtime Energy Market shall be made whole for each of the following Segments: 1) the greater of
their day-ahead schedules and minimum run time specified at the time of commitment (minimum
down time specified at the time of commitment for Demand Resources); and 2) any block of
Real-time Settlement Intervals the resource operates at PJM’s direction in excess of the greater of
its day-ahead schedule and minimum run time specified at the time of commitment (minimum
down time specified at the time of commitment for Demand Resources). For each calendar day,
and for each synchronized start of a generation resource or PJM-dispatched economic load
reduction, there will be a maximum of two Segments for each resource. Segment 1 will be the
greater of the day-ahead schedule and minimum run time specified at the time of commitment
(minimum down time specified at the time of commitment for Demand Resources) and Segment
2 will include the remainder of the contiguous Real-time Settlement Intervals when the resource
is operating at the direction of the Office of the Interconnection, provided that a segment is
limited to the Operating Day in which it commenced and cannot include any part of the
following Operating Day.
A Generation Capacity Resource that operates outside of its unit-specific parameters will not
receive Operating Reserve Credits nor be made whole for such operation when not dispatched by
the Office of the Interconnection, unless the Market Seller of the Generation Capacity Resource
can justify to the Office of the Interconnection that operation outside of such unit-specific
parameters was the result of an actual constraint. Such Market Seller shall provide to the Market
Monitoring Unit and the Office of the Interconnection its request to receive Operating Reserve
Credits and/or to be made whole for such operation, along with documentation explaining in
detail the reasons for operating its resource outside of its unit-specific parameters, within thirty
calendar days following the issuance of billing statement for the Operating Day. The Market
Seller shall also respond to additional requests for information from the Market Monitoring Unit
and the Office of the Interconnection. The Market Monitoring Unit shall evaluate such request
for compensation and provide its determination of whether there was an exercise of market
power to the Office of the Interconnection by no later than twenty-five calendar days after
receiving the Market Seller’s request for compensation. The Office of the Interconnection shall
make its determination whether the Market Seller justified that it is entitled to receive Operating
Reserve Credits and/or be made whole for such operation of its resource for the day(s) in
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question, by no later than thirty calendar days after receiving the Market Seller’s request for
compensation.
Credits received pursuant to this section shall be equal to the positive difference between a
resource’s Total Operating Reserve Offer, and the total value of the resource’s energy for hours
in the Day-ahead Energy Market that correspond to five-minute intervals in which the resource
is operated in real-time pursuant to the Office of the Interconnection’s direction, plus any credit
or change for quantity deviations, at PJM dispatch direction (excluding quantity deviations
caused by an increase in the Market Seller’s Real-time Offer), from the Day-ahead Energy
Market during the Operating Day at the real-time LMP(s) applicable to the relevant generation
bus in the Real-time Energy Market. The foregoing notwithstanding, credits for segment 2 shall
exclude start up (shutdown costs for Demand Resources) costs for generation resources.
Except as provided in Section 3.2.3(m), if the total offered price exceeds the total value, the
difference less any credit as determined pursuant to Section 3.2.3(b), and less any amounts
credited for Synchronized Reserve in excess of the Synchronized Reserve offer plus the
resource’s opportunity cost, and less any amounts credited for Non-Synchronized Reserve in
excess of the Non-Synchronized Reserve offer plus the resource’s opportunity cost, and less any
amounts credited for providing Reactive Services as specified in Section 3.2.3B, and less any
amounts for Day-ahead Scheduling Reserve in excess of the Day-ahead Scheduling Reserve
offer plus the resource’s opportunity cost, shall be credited to the Market Seller.
Synchronized Reserve, Non-Synchronized Reserve, and Real-time Settlement Interval share of
the Day-ahead Scheduling Reserve credits applied against Operating Reserve credits pursuant to
this section shall be netted against the Operating Reserve credits earned in the corresponding
Real-time Settlement Interval(s) in which the Synchronized Reserve, Non-Synchronized Reserve,
and Day-ahead Scheduling Reserve credits accrued, provided that for condensing combustion
turbines, Synchronized Reserve credits will be netted against the total Operating Reserve credits
accrued during each Real-time Settlement Interval the unit operates in condensing and generation
mode.
(f)
A Market Seller of a unit not defined in subsection (f-1), (f-2), or (f-4) hereof (or
self-scheduled, if operating according to Section 1.10.3 (c) hereof), the output of which is
reduced or suspended at the request of the Office of the Interconnection due to a transmission
constraint or other reliability issue, and for which the real-time LMP at the unit’s bus is higher
than the unit’s offer corresponding to the level of output requested by the Office of the
Interconnection (as indicated either by the desired MWs of output from the unit determined by
PJM’s unit dispatch system or as directed by the PJM dispatcher through a manual override),
shall be credited for each Real-time Settlement Interval in an amount equal to the product of (A)
the deviation of the generating unit’s output necessary to follow the Office of the
Interconnection’s signals and the generating unit’s expected output level if it had been
dispatched in economic merit order, times (B) the Locational Marginal Price at the generation
bus for the generating unit, minus (C) the Total Lost Opportunity Cost Offer, provided that the
resulting outcome is greater than $0.00. This equation is represented as (A*B) - C.
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(f-1) With the exception of Market Sellers of Flexible Resources that submit a Realtime Offer greater than their resource’s Committed Offer in the Day-ahead Energy Market, a
Market Seller of a Flexible Resource, shall be compensated for lost opportunity cost, and shall be
limited to the lesser of the unit’s Economic Maximum or the unit’s Generation Resource
Maximum Output, if either of the following conditions occur:
(i)

if the unit output is reduced at the direction of the Office of the Interconnection
and the real time LMP at the unit’s bus is higher than the unit’s offer
corresponding to the level of output requested by the Office of the Interconnection
(as directed by the PJM dispatcher), then the Market Seller shall be credited in a
manner consistent with that described in section 3.2.3 (f).

(ii)

If the unit is scheduled to produce energy in the Day-ahead Energy Market for a
Day-ahead Settlement Interval, but the unit is not called on by the Office of the
Interconnection and does not operate in the corresponding Real-time Settlement
Interval(s), then the Market Seller shall be credited in an amount equal to the
higher of:
1) the product of (A) the amount of megawatts committed in the
Day-ahead Energy Market for the generating unit, and (B) the
Real-time Price at the generation bus for the generating unit,
minus the sum of (C) the Total Lost Opportunity Cost Offer
plus No-load Costs, plus (D) the Start-up Cost, divided by the
Real-time Settlement Intervals committed for each set of
contiguous hours for which the unit was scheduled in Dayahead Energy Market. This equation is represented as (A*B) (C+D). The startup cost, (D), shall be excluded from this
calculation if the unit operates in real time following the Office
of the Interconnection’s direction during any portion of the set
of contiguous hours for which the unit was scheduled in Dayahead Energy Market, or
2) the Real-time Price at the unit’s bus minus the Day-ahead Price
at the unit’s bus, multiplied by the number of megawatts
committed in the Day-ahead Energy Market for the generating
unit.

Market Sellers of Flexible Resources that submit a Real-time Offer greater than their resource’s
Committed Offer in the Day-ahead Energy Market shall not be eligible to receive compensation
for lost opportunity costs under any applicable provisions of Schedule 1 of this Agreement.
(f-2) A Market Seller of a hydroelectric resource that is pool-scheduled (or selfscheduled, if operating according to Section 1.10.3 (c) hereof), the output of which is altered at
the request of the Office of the Interconnection from the schedule submitted by the owner, due to
a transmission constraint or other reliability issue, shall be compensated for lost opportunity cost

Page 26

in the same manner as provided in sections 3.2.2(d) and 3.2.3A(f) and further detailed in the
PJM Manuals.
(f-3) If a Market Seller believes that, due to specific pre-existing binding commitments
to which it is a party, and that properly should be recognized for purposes of this section, the
above calculations do not accurately compensate the Market Seller for opportunity cost
associated with following PJM dispatch instructions and reducing or suspending a unit’s output
due to a transmission constraint or other reliability issue, then the Office of the Interconnection,
the Market Monitoring Unit and the individual Market Seller will discuss a mutually acceptable,
modified amount of opportunity cost compensation, taking into account the specific
circumstances binding on the Market Seller. Following such discussion, if the Office of the
Interconnection accepts a modified amount of opportunity cost compensation, the Office of the
Interconnection shall invoice the Market Seller accordingly. If the Market Monitoring Unit
disagrees with the modified amount of opportunity cost compensation, as accepted by the Office
of the Interconnection, it will exercise its powers to inform the Commission staff of its concerns.
(f-4) A Market Seller of a wind generating unit that is pool-scheduled or self-scheduled,
has SCADA capability to transmit and receive instructions from the Office of the
Interconnection, has provided data and established processes to follow PJM basepoints pursuant
to the requirements for wind generating units as further detailed in this Agreement, the Tariff and
the PJM Manuals, and which is operating as requested by the Office of the Interconnection, the
output of which is reduced or suspended at the request of the Office of the Interconnection due to
a transmission constraint or other reliability issue, and for which the real-time LMP at the unit’s
bus is higher than the unit’s offer corresponding to the level of output requested by the Office of
the Interconnection (as indicated either by the desired MWs of output from the unit determined
by PJM’s unit dispatch system or as directed by the PJM dispatcher through a manual override),
shall be credited for each Real-time Settlement Interval in an amount equal to the product of (A)
the deviation of the generating unit’s output necessary to follow the Office of the
Interconnection’s signals and the generating unit’s expected output level if it had been
dispatched in economic merit order, times (B) the Real-time Price at the generation bus for the
generating unit, minus (C) the Total Lost Opportunity Cost Offer, provided that the resulting
outcome is greater than $0.00. This equation is represented as (A*B) - C.
(g)
The sum of the foregoing credits, plus any cancellation fees paid in accordance
with Section 1.10.2(d), such cancellation fees to be applied to the Operating Day for which the
unit was scheduled, plus any shortfalls paid pursuant to the Market Settlement provision of the
real-time Economic Load Response Program, less any payments received from another Control
Area for Operating Reserves shall be the cost of Operating Reserves for the Real-time Energy
Market in each Operating Day.
(h)
The cost of Operating Reserves for the Real-time Energy Market for each
Operating Day, except those associated with the scheduling of units for Black Start service or
testing of Black Start Units as provided in Schedule 6A of the PJM Tariff, shall be allocated and
charged to each Market Participant based on their daily total of hourly deviations determined in
accordance with the following equation:
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∑h (A + B + C)
Where:
h = the hours in the applicable Operating Day;
A = For each Real-Time Settlement Interval in an hour, the sum of the absolute value of the
withdrawal deviations (in MW) between the quantities scheduled in the Day-ahead Energy
Market and the Market Participant’s energy withdrawals (net of operating Behind The Meter
Generation) in the Real-Time Energy Market, except as noted in subsection (h)(ii) below and in
the PJM Manuals divided by the number of Real-time Settlement Intervals for that hour. The
summation of each Real-time Settlement Interval’s withdrawal deviation in an hour will be the
Market Participant’s total hourly withdrawal deviations. Market Participant bilateral
transactions that are Dynamic Transfers to load outside the PJM Region pursuant to section
1.12 of this Schedule are not included in the determination of withdrawal deviations;
B = For each Real-Time Settlement Interval in an hour, the sum of the absolute value of
generation deviations (in MW and not including deviations in Behind The Meter Generation) as
determined in subsection (o) divided by the number of Real-Time Settlement Intervals for that
hour;
C = For each Real-Time Settlement Interval in an hour, the sum of the absolute value of the
injection deviations (in MW) between the quantities scheduled in the Day-ahead Energy Market
and the Market Participant’s energy injections in the Real-Time Energy Market divided by the
number of Real-time Settlement Intervals for that hour. The summation of the injection
deviations for each Real-time Settlement Interval in an hour will be the Market Participant’s
total hourly injection deviations. The determination of injection deviations does not include
generation resources.
The Revenue Data for Settlements determined for each Real-time Settlement Interval in
accordance with section 3.1A of this Schedule shall be used in determining the real-time
withdrawal deviations, generation deviations and injection deviations used to calculate
Operating Reserve under this subsection (e).
The costs associated with scheduling of units for Black Start service or testing of Black Start
Units shall be allocated by ratio share of the monthly transmission use of each Network Customer
or Transmission Customer serving Zone Load or Non-Zone Load, as determined in accordance with
the formulas contained in Schedule 6A of the PJM Tariff.
Notwithstanding section (h)(1) above, as more fully set forth in the PJM Manuals, load
deviations from the Day-ahead Energy Market shall not be assessed Operating Reserves charges
to the extent attributable to reductions in the load of Price Responsive Demand that is in response
to an increase in Locational Marginal Price from the Day-ahead Energy Market to the Real-time
Energy Market and that is in accordance with a properly submitted PRD Curve.
Deviations that occur within a single Zone shall be associated with the Eastern or Western
Region, as defined in Section 3.2.3(q) of this Schedule, and shall be subject to the regional
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balancing Operating Reserve rate determined in accordance with Section 3.2.3(q). Deviations at
a hub shall be associated with the Eastern or Western Region if all the buses that define the hub
are located in the region. Deviations at an Interface Pricing Point shall be associated with
whichever region, the Eastern or Western Region, with which the majority of the buses that
define that Interface Pricing Point are most closely electrically associated. If deviations at
interfaces and hubs are associated with the Eastern or Western region, they shall be subject to the
regional balancing Operating Reserve rate. Demand and supply deviations shall be based on
total activity in a Zone, including all aggregates and hubs defined by buses that are wholly
contained within the same Zone.
The foregoing notwithstanding, netting deviations shall be allowed for each Real-time Settlement
Interval in accordance with the following provisions:
(i)
Generation resources with multiple units located at a single bus shall be
able to offset deviations in accordance with the PJM Manuals to determine the net
deviation MW at the relevant bus.
(ii)
Demand deviations will be assessed by comparing all day-ahead demand
transactions at a single transmission zone, hub, or interface against the real-time demand
transactions at that same transmission zone, hub, or interface; except that the positive
values of demand deviations, as set forth in the PJM Manuals, will not be assessed
Operating Reserve charges in the event of a Primary Reserve or Synchronized Reserve
shortage in real-time or where PJM initiates the request for emergency load reductions in
real-time in order to avoid a Primary Reserve or Synchronized Reserve shortage. The
scheduled megawatt-hour withdrawal at the specified sink for an accepted Decrement
Bid or Up-to Congestion Transaction are included in the determination of demand
deviations. Bilateral transactions inside the PJM Region, as defined in section 1.7.10 of
this Schedule, will not be included in the determination of demand deviations.
(iii) Supply deviations will be assessed by comparing all day-ahead
transactions at a single transmission zone, hub, or interface against the real-time
transactions at that same transmission zone, hub, or interface. The scheduled megawatthour injection at the specified source for an accepted Increment Offer or Up-to
Congestion Transaction are included in the determination of supply deviations. Bilateral
transactions inside the PJM Region, as defined in section 1.7.10 of this Schedule, will not
be included in the determination of supply deviations.
(i)
At the end of each Operating Day, Market Sellers shall be credited on the basis of
their offered prices for synchronous condensing for purposes other than providing Synchronized
Reserve or Reactive Services, as well as the credits calculated as specified in Section 3.2.3(b) for
those generators committed solely for the purpose of providing synchronous condensing for
purposes other than providing Synchronized Reserve or Reactive Services, at the request of the
Office of the Interconnection.
(j)
The sum of the foregoing credits as specified in Section 3.2.3(i) shall be the cost
of Operating Reserves for synchronous condensing for the PJM Region for purposes other than
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providing Synchronized Reserve or Reactive Services, or in association with post-contingency
operation for the Operating Day and shall be separately determined for the PJM Region.
(k)
The cost of Operating Reserves for synchronous condensing for purposes other
than providing Synchronized Reserve or Reactive Services, or in association with postcontingency operation for each Operating Day shall be allocated and charged to each Market
Participant in proportion to the sum of its (i) deliveries of energy to load (net of operating Behind
The Meter Generation, but not to be less than zero) in the PJM Region, served under Network
Transmission Service, in megawatt-hours during that Operating Day; and (ii) deliveries of
energy sales from within the PJM Region to load outside such region in megawatt-hours during
that Operating Day, but not including its bilateral transactions that are Dynamic Transfers to load
outside the PJM Region pursuant to Section 1.12, as compared to the sum of all such deliveries
for all Market Participants.
(l)
For any Operating Day in either, as applicable, the Day-ahead Energy Market or
the Real-time Energy Market for which, for all or any part of such Operating Day, the Office of
the Interconnection: (i) declares a Maximum Generation Emergency; (ii) issues an alert that a
Maximum Generation Emergency may be declared (“Maximum Generation Emergency Alert”);
or (iii) schedules units based on the anticipation of a Maximum Generation Emergency or a
Maximum Generation Emergency Alert, the Operating Reserves credit otherwise provided by
Section 3.2.3.(b) or Section 3.2.3(e) in connection with market-based offers shall be limited as
provided in subsections (n) or (m), respectively. The Office of the Interconnection shall provide
timely notice on its internet site of the commencement and termination of any of the actions
described in subsection (i), (ii), or (iii) of this subsection (l) (collectively referred to as “MaxGen
Conditions”). Following the posting of notice of the commencement of a MaxGen Condition, a
Market Seller may elect to submit a cost-based offer in accordance with Schedule 2 of the
Operating Agreement, in which case subsections (m) and (n) shall not apply to such offer;
provided, however, that such offer must be submitted in accordance with the deadlines in Section
1.10 for the submission of offers in the Day-ahead Energy Market or Real-time Energy Market,
as applicable. Submission of a cost-based offer under such conditions shall not be precluded by
Section 1.9.7(b); provided, however, that the Market Seller must return to compliance with
Section 1.9.7(b) when it submits its bid for the first Operating Day after termination of the
MaxGen Condition.
(m)
For the Real-time Energy Market, if the Effective Offer Price (as defined below)
for a market-based offer is greater than $1,000/MWh and greater than the Market Seller’s lowest
available and applicable cost-based offer, the Market Seller shall not receive any credit for
Operating Reserves. For purposes of this subsection (m), the Effective Offer Price shall be the
amount that, absent subsections (l) and (m), would have been credited for Operating Reserves for
such Operating Day pursuant to Section 3.2.3(e) plus the Real-time Energy Market revenues for
the Real-time Settlement Intervals that the offer is economic divided by the megawatt hours of
energy provided during the Real-time Settlement Intervals that the offer is economic. The Realtime Settlement Intervals that the offer is economic shall be: (i) the Real-time Settlement
Intervals that the offer price for energy is less than or equal to the Real-time Price for the
relevant generation bus, (ii) the Real-time Settlement Intervals in which the offer for energy is
greater than Locational Marginal Price and the unit is operated at the direction of the Office of
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the Interconnection that are in addition to any Real-time Settlement Intervals required due to the
minimum run time or other operating constraint of the unit, and (iii) for any unit with a minimum
run time of one hour or less and with more than one start available per day, any hours the unit
operated at the direction of the Office of the Interconnection.
(n)
For the Day-ahead Energy Market, if notice of a MaxGen Condition is provided
prior to 10:30 a.m. on the day before the Operating Day for which transactions are being
scheduled and the Effective Offer Price for a market-based offer is greater than $1,000/MWh and
greater than the Market Seller’s lowest available and applicable cost-based offer, the Market
Seller shall not receive any credit for Operating Reserves. If notice of a MaxGen Condition is
provided after 10:30 a.m. on the day before the Operating Day for which transactions are being
scheduled and the Effective Offer Price is greater than $1,000/MWh, the Market Seller shall
receive credit for Operating Reserves determined in accordance with Section 3.2.3(b), subject to
the limit on total compensation stated below. If the Effective Offer Price is less than or equal to
$1,000/MWh, regardless of when notice of a MaxGen Condition is provided, the Market Seller
shall receive credit for Operating Reserves determined in accordance with Section 3.2.3(b),
subject to the limit on total compensation stated below. For purposes of this subsection (n), the
Effective Offer Price shall be the amount that, absent subsections (l) and (n), would have been
credited for Operating Reserves for such Operating Day divided by the megawatt hours of
energy offered during the Specified Hours, plus the offer for energy during such hours. The
Specified Hours shall be the lesser of: (1) the minimum run hours stated by the Market Seller in
its Offer Data; and (2) either (i) for steam-electric generating units and for combined-cycle units
when such units are operating in combined-cycle mode, the six consecutive hours of highest
Day-ahead Price during such Operating Day when such units are running or (ii) for combustion
turbine units and for combined-cycle units when such units are operating in combustion turbine
mode, the two consecutive hours of highest Day-ahead Price during such Operating Day when
such units are running. Notwithstanding any other provision in this subsection, the total
compensation to a Market Seller on any Operating Day that includes a MaxGen Condition shall
not exceed $1,000/MWh during the Specified Hours, where such total compensation in each
such hour is defined as the amount that, absent subsections (l) and (n), would have been credited
for Operating Reserves for such Operating Day pursuant to Section 3.2.3(b) divided by the
Specified Hours, plus the Day-ahead Price for such hour, and no Operating Reserves payments
shall be made for any other hour of such Operating Day. If a unit operates in real time at the
direction of the Office of the Interconnection consistently with its day-ahead clearing, then
subsection (m) does not apply.
(o)
Dispatchable pool-scheduled generation resources and dispatchable selfscheduled generation resources that follow dispatch shall not be assessed balancing Operating
Reserve deviations. Pool-scheduled generation resources and dispatchable self-scheduled
generation resources that do not follow dispatch shall be assessed balancing Operating Reserve
deviations in accordance with the calculations described below and in the PJM Manuals.
The Office of the Interconnection shall calculate a ramp-limited desired MW value for
generation resources where the economic minimum and economic maximum are at least as far
apart in real-time as they are in day-ahead according to the following parameters:
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(i)
real-time economic minimum <= 105% of day-ahead economic minimum
or day-ahead economic minimum plus 5 MW, whichever is greater.
(ii)
real-time economic maximum >= 95% day-ahead economic maximum or
day-ahead economic maximum minus 5 MW, whichever is lower.
The ramp-limited desired MW value for a generation resource shall be equal to:
Ramp_Request =
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where:
1.
2.
3.
4.
5.

UDStarget = UDS basepoint for the previous UDS case
AOutput = Unit’s output at case solution time
UDSLAtime = UDS look ahead time
Case_Eff_time = Time between base point changes
RL_Desired = Ramp-limited desired MW

To determine if a generation resource is following dispatch the Office of the Interconnection
shall determine the unit’s MW off dispatch and % off dispatch by using the lesser of the
difference between the actual output and the UDS Basepoint or the actual output and ramplimited desired MW value for each Real-time Settlement Interval. If the UDS Basepoint and the
ramp-limited desired MW for the resource are unavailable, the Office of the Interconnection will
determine the unit’s MW off dispatch and % off dispatch by calculating the lesser of the
difference between the actual output and the UDS LMP Desired MW for each Real-time
Settlement Interval.
A pool-scheduled or dispatchable self-scheduled resource is considered to be following dispatch
if its actual output is between its ramp-limited desired MW value and UDS Basepoint, or if its %
off dispatch is <= 10, or its Real-time Settlement Interval MWh is within 5% of the Real-time
Settlement Interval ramp-limited desired MW. A self-scheduled generator must also be
dispatched above economic minimum. The degree of deviations for resources that are not
following dispatch shall be determined for each Real-time Settlement Interval in accordance with
the following provisions:
•

A dispatchable self-scheduled resource that is not dispatched above economic
minimum shall be assessed balancing Operating Reserve deviations according to the
following formula: Real-time Settlement Interval MWh – Day-Ahead MWh.

•

A resource that is dispatchable day-ahead but is Fixed Gen in real-time shall be
assessed balancing Operating Reserve deviations according to the following formula:
Real-time Settlement Interval MWh – UDS LMP Desired MW.
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•

Pool-scheduled generators that are not following dispatch shall be assessed balancing
Operating Reserve deviations according to the following formula: Real-time
Settlement Interval MWh – Ramp-Limited Desired MW.

•

If a resource’s real-time economic minimum is greater than its day-ahead economic
minimum by 5% or 5 MW, whichever is greater, or its real-time economic maximum
is less than its Day Ahead economic maximum by 5% or 5 MW, whichever is lower,
and UDS LMP Desired MWh for the Real-time Settlement Interval is either below the
real time economic minimum or above the real time economic maximum, then
balancing Operating Reserve deviations for the resource shall be assessed according
to the following formula: Real time Settlement Interval MWh – UDS LMP Desired
MWh.

•

If a resource is not following dispatch and its % Off Dispatch is <= 20%, balancing
Operating Reserve deviations shall be assessed according to the following formula:
Real-time Settlement Interval MWh – Ramp-Limited Desired MW. If deviation value
is within 5% of Ramp-Limited Desired MW, balancing Operating Reserve deviations
shall not be assessed.

•

If a resource is not following dispatch and its % off Dispatch is > 20%, balancing
Operating Reserve deviations shall be assessed according to the following formula:
Real time Settlement Interval MWh – UDS LMP Desired MWh.

•

If a resource is not following dispatch, and the resource has tripped, for the Real-time
Settlement Interval the resource tripped and the Real-time Settlement Intervals it
remains offline throughout its day-ahead schedule balancing Operating Reserve
deviations shall be assessed according to the following formula: Real time Settlement
Interval MWh – Day-Ahead MWh.

•

For resources that are not dispatchable in both the Day-Ahead and Real-time Energy
Markets balancing Operating Reserve deviations shall be assessed according to the
following formula: Real-time Settlement Interval MWh - Day-Ahead MWh.

If a resource has a sum of the absolute value of generator deviations for an hour that is less than
5 MWh, then the resource shall not be assessed balancing Operating Reserve deviations for that
hour.
(o-1) Dispatchable economic load reduction resources that follow dispatch shall not be
assessed balancing Operating Reserve deviations. Economic load reduction resources that do not
follow dispatch shall be assessed balancing Operating Reserve deviations as described in this
subsection and as further specified in the PJM Manuals.
The Desired MW quantity for such resources for each hour shall be the hourly integrated MW
quantity to which the load reduction resource was dispatched for each hour (where the hourly
integrated value is the average of the dispatched values as determined by the Office of the
Interconnection for the resource for each hour).

Page 33

If the actual reduction quantity for the load reduction resource for a given hour deviates by no
more than 20% above or below the Desired MW quantity, then no balancing Operating Reserve
deviation will accrue for that hour. If the actual reduction quantity for the load reduction
resource for a given hour is outside the 20% bandwidth, the balancing Operating Reserve
deviations will accrue for that hour in the amount of the absolute value of (Desired MW – actual
reduction quantity). For those hours where the actual reduction quantity is within the 20%
bandwidth specified above, the load reduction resource will be eligible to be made whole for the
total value of its offer as defined in section 3.3A of this Appendix. Hours for which the actual
reduction quantity is outside the 20% bandwidth will not be eligible for the make-whole
payment. If at least one hour is not eligible for make-whole payment based on the 20% criteria,
then the resource will also not be made whole for its shutdown cost.
(p)
The Office of the Interconnection shall allocate the charges assessed pursuant to
Section 3.2.3(h) of Schedule 1 of this Agreement except those associated with the scheduling of
units for Black Start service or testing of Black Start Units as provided in Schedule 6A of the
PJM Tariff, to real-time deviations from day-ahead schedules or real-time load share plus exports
depending on whether the underlying balancing Operating Reserve credits are related to
resources scheduled during the reliability analysis for an Operating Day, or during the actual
Operating Day.
(i)
For resources scheduled by the Office of the Interconnection during the
reliability analysis for an Operating Day, the associated balancing Operating Reserve
charges shall be allocated based on the reason the resource was scheduled according to
the following provisions:
(A)
If the Office of the Interconnection determines during the
reliability analysis for an Operating Day that a resource was 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, the associated balancing Operating Reserve charges shall be
allocated to real-time deviations from day-ahead schedules.
(B)
If the Office of the Interconnection determines during the
reliability analysis for an Operating Day that a resource was committed to
maintain system reliability, the associated balancing Operating Reserve charges
shall be allocated according to ratio share of real time load plus export
transactions.
(C)
If the Office of the Interconnection determines during the
reliability analysis for an Operating Day that a resource with a day-ahead
schedule is required to deviate from that schedule to provide balancing Operating
Reserves, the associated balancing Operating Reserve charges shall be allocated
pursuant to (A) or (B) above.
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(ii)
For resources scheduled during an Operating Day, the associated
balancing Operating Reserve charges shall be allocated according to the following
provisions:
(A)
If the Office of the Interconnection directs a resource to operate
during an Operating Day to provide balancing Operating Reserves, the associated
balancing Operating Reserve charges shall be allocated according to ratio share of
load plus exports. The foregoing notwithstanding, charges will be assessed
pursuant to this section only if the LMP at the resource’s bus does not meet or
exceed the applicable offer of the resource for at least four-5-minute intervals
during one or more discrete clock hours during each period the resource operated
and produced MWs during the relevant Operating Day. If a resource operated
and produced MWs for less than four 5-minute intervals during one or more
discrete clock hours during the relevant Operating Day, the charges for that
resource during the hour it was operated less than four 5-minute intervals will be
identified as being in the same category as identified for the Operating Reserves
for the other discrete clock hours.
(B)
If the Office of the Interconnection directs a resource not covered
by Section 3.2.3(h)(ii)(A) of Schedule 1 of this Agreement to operate in real-time
during an Operating Day, the associated balancing Operating Reserve charges
shall be allocated according to real-time deviations from day-ahead schedules.
(q)
The Office of the Interconnection shall determine regional balancing Operating
Reserve rates for the Western and Eastern Regions of the PJM Region. For the purposes of this
section, the Western Region shall be the AEP, APS, ComEd, Duquesne, Dayton, ATSI, DEOK,
EKPC transmission Zones, and the Eastern Region shall be the AEC, BGE, Dominion,
PENELEC, PEPCO, ME, PPL, JCPL, PECO, DPL, PSEG, RE transmission Zones. The regional
balancing Operating Reserve rates shall be determined in accordance with the following
provisions:
(i)
The Office of the Interconnection shall calculate regional adder rates for
the Eastern and Western Regions. Regional adder rates shall be equal to the total
balancing Operating Reserve credits paid to generators for transmission constraints that
occur on transmission system capacity equal to or less than 345kv. The regional adder
rates shall be separated into reliability and deviation charges, which shall be allocated to
real-time load or real-time deviations, respectively. Whether the underlying credits are
designated as reliability or deviation charges shall be determined in accordance with
Section 3.2.3(p).
(ii)
The Office of the Interconnection shall calculate RTO balancing
Operating Reserve rates. RTO balancing Operating Reserve rates shall be equal to
balancing Operating Reserve credits except those associated with the scheduling of units
for Black Start service or testing of Black Start Units as provided in Schedule 6A of the
PJM Tariff, in excess of the regional adder rates calculated pursuant to Section 3.2.3(q)(i)
of Schedule 1 of this Agreement. The RTO balancing Operating Reserve rates shall be
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separated into reliability and deviation charges, which shall be allocated to real-time load
or real-time deviations, respectively. Whether the underlying credits are allocated as
reliability or deviation charges shall be determined in accordance with Section 3.2.3(p).
(iii) Reliability and deviation regional balancing Operating Reserve rates shall
be determined by summing the relevant RTO balancing Operating Reserve rates and
regional adder rates.
(iv)
If the Eastern and/or Western Regions do not have regional adder rates,
the relevant regional balancing Operating Reserve rate shall be the reliability and/or
deviation RTO balancing Operating Reserve rate.
(r)
Market Sellers that incur incremental operating costs for a generation resource
that are either greater than $1,000/MWh as determined in accordance with the Market Seller’s
PJM-approved Fuel Cost Policy, Schedule 2 of the Operating Agreement and PJM Manual 15,
but are not verified at the time of dispatch of the resource under section 6.4.3 of this Schedule, or
greater than $2,000/MWh as determined in accordance with the Market Seller’s PJM-approved
Fuel Cost Policy, Schedule 2 of the Operating Agreement, and PJM Manual 15, will be eligible
to receive credit for Operating Reserves upon review of the Market Monitoring Unit and the
Office of the Interconnection, and approval of the Office of the Interconnection. Market Sellers
must submit to the Office of the Interconnection and the Market Monitoring Unit all relevant
documentation demonstrating the calculation of costs greater than $2,000/MWh, and costs
greater than $1,000/MWh which were not verified at the time of dispatch of the resource under
section 6.4.3 of this Schedule. The Office of the Interconnection must approve any Operating
Reserve credits paid to a Market Seller under this subsection (r).
3.2.3A Synchronized Reserve.
(a)
Each Market Participant that is a Load Serving Entity that is not part of an
agreement to share reserves with external entities subject to the requirements in BAL-002 shall have
an obligation for hourly Synchronized Reserve equal to its pro rata share of Synchronized
Reserve requirements for the hour for each Reserve Zone and Reserve Sub-zone of the PJM
Region, based on the Market Participant’s total load (net of operating Behind The Meter
Generation, but not to be less than zero) in such Reserve Zone or Reserve Sub-zone for the hour
(“Synchronized Reserve Obligation”), less any amount obtained from condensers associated with
provision of Reactive Services as described in section 3.2.3B(i) and any amount obtained from
condensers associated with post-contingency operations, as described in section 3.2.3C(b).
Those entities that participate in an agreement to share reserves with external entities subject to the
requirements in BAL-002 shall have their reserve obligations determined based on the stipulations in
such agreement. A Market Participant with an hourly Synchronized Reserve Obligation shall be
charged the pro rata share of the sum of the quantity of Synchronized Reserves provided in each
Real-time Settlement Interval times the clearing price for all Real-time Settlement Intervals in
the hour associated with that obligation.
(b)
A resource supplying Synchronized Reserve at the direction of the Office of the
Interconnection, in excess of its hourly Synchronized Reserve Obligation, shall be credited as
follows:
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i)
Credits for Synchronized Reserve provided by generation resources that
are then subject to the energy dispatch signals and instructions of the Office of the
Interconnection and that increase their current output or Demand Resources that reduce
their load in response to a Synchronized Reserve Event (“Tier 1 Synchronized Reserve”)
shall be at the Synchronized Energy Premium Price, as described in 3.2.3A (c), with the
exception of those Real-time Settlement Intervals in which the Non-Synchronized
Reserve Market Clearing Price for the applicable Reserve Zone or Reserve Sub-zone is
not equal to zero. During such hours, Tier 1 Synchronized Reserve resources shall be
compensated at the Synchronized Reserve Market Clearing Price for the applicable
Reserve Zone or Reserve Sub-zone for the lesser of the amount of Tier 1 Synchronized
Reserve attributed to the resource as calculated by the Office of the Interconnection, or
the actual amount of Tier 1 Synchronized Reserve provided should a Synchronized
Reserve Event occur in a Real-time Settlement Interval.
ii)
Credits for Synchronized Reserve provided by generation resources that
are synchronized to the grid but, at the direction of the Office of the Interconnection, are
operating at a point that deviates from the Office of the Interconnection energy dispatch
signals and instructions (“Tier 2 Synchronized Reserve”) shall be the higher of (i) the
Synchronized Reserve Market Clearing Price or (ii) the sum of (A) the Synchronized
Reserve offer, and (B) the specific opportunity cost of the generation resource supplying
the increment of Synchronized Reserve, as determined by the Office of the
Interconnection to a Synchronized Reserve Event in a Real-time Settlement Interval in
accordance with procedures specified in the PJM Manuals.
iii)
Credits for Synchronized Reserve provided by Demand Resources that are
synchronized to the grid and accept the obligation to reduce load in response to a
Synchronized Reserve Event in a Real-time Settlement Interval initiated by the Office of
the Interconnection shall be the sum of (i) the higher of (A) the Synchronized Reserve
offer or (B) the Synchronized Reserve Market Clearing Price and (ii) if a Synchronized
Reserve Event is actually initiated by the Office of the Interconnection and the Demand
Resource reduced its load in response to the event, the fixed costs associated with
achieving the load reduction, as specified in the PJM Manuals.
(c)
The Synchronized Reserve Energy Premium Price is an adder in an amount to be
determined periodically by the Office of the Interconnection not less than fifty dollars and not to
exceed one hundred dollars per megawatt hour.
(d)
The Synchronized Reserve Market Clearing Price shall be determined for each
Reserve Zone and Reserve Sub-zone by the Office of the Interconnection for each Real-time
Settlement Interval of the Operating Day. The hourly Synchronized Reserve Market Clearing
Price shall be calculated as the 5-minute clearing price. Each 5-minute clearing price shall be
calculated as the marginal cost of serving the next increment of demand for Synchronized
Reserve in each Reserve Zone or Reserve Sub-zone, inclusive of Synchronized Reserve offer
prices and opportunity costs. When the Synchronized Reserve Requirement or Extended
Synchronized Reserve Requirement in a Reserve Zone or Reserve Sub-zone cannot be met, the
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5-minute clearing price shall be at least greater than or equal to the applicable Reserve Penalty
Factor for the Reserve Zone or Reserve Sub-zone, but less than or equal to the sum of the
Reserve Penalty Factors for the Synchronized Reserve Requirement and Primary Reserve
Requirement for the Reserve Zone or Reserve Sub-zone. If the Office of the Interconnection
has initiated in a Reserve Zone or Reserve Sub-zone either a Voltage Reduction Action as
described in the PJM Manuals or a Manual Load Dump Action as described in the PJM Manuals,
the 5-minute clearing price shall be the sum of the Reserve Penalty Factors for the Primary
Reserve Requirement and the Synchronized Reserve Requirement for that Reserve Zone or
Reserve Sub-zone.
The Reserve Penalty Factor for the Synchronized Reserve Requirement shall be $850/MWh.
The Reserve Penalty Factor for the Extended Synchronized Reserve Requirement shall be
$300/MWh.
By no later than April 30 of each year, the Office of the Interconnection will analyze Market
Participants’ response to prices exceeding $1,000/MWh on an annual basis and will provide its
analysis to PJM stakeholders. The Office of the Interconnection will also review this analysis to
determine whether any changes to the Synchronized Reserve Penalty Factors are warranted for
subsequent Delivery Year(s).
(e)
For each Real-time Settlement Interval and for determining the 5-minute
Synchronized Reserve clearing price, the estimated unit-specific opportunity cost for a
generation resource will be determined in accordance with the following equation:
(A x B) + (C x D)
Where:
A = The Locational Marginal Price at the generation bus for the generation resource;
B = The megawatts of energy used to provide Synchronized Reserve submitted as part of
the Synchronized Reserve offer;
C = The deviation of the set point of the generation resource that is expected to be
required in order to provide Synchronized Reserve from the generation resource’s expected
output level if it had been dispatched in economic merit order;and
D=The difference between the Locational Marginal Price at the generation bus for the
generation resource and the offer price for energy from the generation resource (at the megawatt
level of the Synchronized Reserve set point for the resource) in the PJM Interchange Energy
Market when the Locational Marginal Price at the generation bus is greater than the offer price
for energy from the generation resource.
The opportunity costs for a Demand Resource shall be zero.
(f)
In determining the credit under subsection (b) to a resource selected to provide
Tier 2 Synchronized Reserve and that actively follows the Office of the Interconnection’s signals
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and instructions, the unit-specific opportunity cost of a generation resource shall be determined
for each Real-time Settlement Interval that the Office of the Interconnection requires a generation
resource to provide Tier 2 Synchronized Reserve and shall be in accordance with the following
equation:
(A x B) + (C x D)
Where:
A = The megawatts of energy used by the resource to provide Synchronized Reserve as
submitted as part of the generation resource’s Synchronized Reserve offer;
B = The Locational Marginal Price at the generation bus of the generation resource;
C = The deviation of the generation resource’s output necessary to follow the Office of
the Interconnection’s signals and instructions from the generation resource’s expected output
level if it had been dispatched in economic merit order; and
D = The difference between the Locational Marginal Price at the generation bus for the
generation resource and the offer price for energy from the generation resource (at the megawatt
level of the Synchronized Reserve set point for the generation resource) in the PJM Interchange
Energy Market when the Locational Marginal Price at the generation bus is greater than the offer
price for energy from the generation resource.
The opportunity costs for a Demand Resource shall be zero.
(g)
Charges for Tier 1 Synchronized Reserve will be allocated in proportion to the
amount of Tier 1 Synchronized Reserve applied to each Synchronized Reserve Obligation. In
the event Tier 1 Synchronized Reserve is provided by a Market Participant in excess of that
Market Participant’s Synchronized Reserve Obligation, the Tier 1 Synchronized Reserve that is
not utilized to fulfill the Market Participant’s obligation will be allocated proportionately among
all other Synchronized Reserve Obligations.
(h)
Any amounts credited for Tier 2 Synchronized Reserve in a Real-time Settlement
Interval in excess of the Synchronized Reserve Market Clearing Price in that Real-time
Settlement Interval shall be allocated and charged to each Market Participant that does not meet
its hourly Synchronized Reserve Obligation in proportion to its purchases of Synchronized
Reserve in megawatt-hours during that hour.
(i)
In the event the Office of the Interconnection needs to assign more Tier 2
Synchronized Reserve during a Real-time Settlement Interval than was estimated as needed at the
time the Synchronized Reserve Market Clearing Price was calculated for that Real-time
Settlement Interval due to a reduction in available Tier 1 Synchronized Reserve, the costs of the
excess Tier 2 Synchronized Reserve shall be allocated and charged to those providers of Tier 1
Synchronized Reserve whose available Tier 1 Synchronized Reserve was reduced from the
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needed amount estimated during the Synchronized Reserve Market Clearing Price calculation, in
proportion to the amount of the reduction in Tier 1 Synchronized Reserve availability.
(j)
In the event a generation resource or Demand Resource that either has been
assigned by the Office of the Interconnection or self-scheduled to provide Tier 2 Synchronized
Reserve fails to provide the assigned or self-scheduled amount of Tier 2 Synchronized Reserve
in response to a Synchronized Reserve Event, the resource will be credited for Tier 2
Synchronized Reserve capacity in the amount that actually responded for all Real-time
Settlement Intervals the resource was assigned or self-scheduled Tier 2 Synchronized Reserve on
the Operating Day during which the event occurred. The determination of the amount of
Synchronized Reserve credited to a resource shall be on an individual resource basis, not on an
aggregate basis.
The resource shall refund payments received for Tier 2 Synchronized Reserve it failed to
provide. For purposes of determining the amount of the payments to be refunded by a Market
Participant, the Office of the Interconnection shall calculate the shortfall of Tier 2 Synchronized
Reserve on an individual resource basis unless the Market Participant had multiple resources that
were assigned or self-scheduled to provide Tier 2 Synchronized Reserve, in which case the
shortfall will be determined on an aggregate basis. For performance determined on an aggregate
basis, the response of any resource that provided more Tier 2 Synchronized Reserve than it was
assigned or self-scheduled to provide will be used to offset the performance of other resources
that provided less Tier 2 Synchronized Reserve than they were assigned or self-scheduled to
provide during a Synchronized Reserve Event, as calculated in the PJM Manuals. The
determination of a Market Participant’s aggregate response shall not be taken into consideration
in the determination of the amount of Tier 2 Synchronized Reserve credited to each individual
resource.
The amount refunded shall be determined by multiplying the Synchronized Reserve Market
Clearing Price by the amount of the shortfall of Tier 2 Synchronized Reserve, measured in
megawatts, for all intervals the resource was assigned or self-scheduled to provide Tier 2
Synchronized Reserve for a period of time immediately preceding the Synchronized Reserve
Event equal to the lesser of the average number of days between Synchronized Reserve Events,
or the number of days since the resource last failed to provide the amount of Tier 2 Synchronized
Reserve it was assigned or self-scheduled to provide in response to a Synchronized Reserve
Event. The average number of days between Synchronized Reserve Events for purposes of this
calculation shall be determined by an annual review of the twenty-four month period ending
October 31 of the calendar year in which the review is performed, and shall be rounded down to
a whole day value. The Office of the Interconnection shall report the results of its annual review
to stakeholders by no later than December 31, and the average number of days between
Synchronized Reserve Events shall be effective as of the following January 1. The refunded
charges shall be allocated as credits to Market Participants based on its pro rata share of the
Synchronized Reserve Obligation megawatts less any Tier 1 Synchronized Reserve applied to its
Synchronized Reserve Obligation in the hour(s) of the Synchronized Reserve Event for the
Reserve Sub-zone or Reserve Zone, except that Market Participants that incur a refund obligation
and also have an applicable Synchronized Reserve Obligation during the hour(s) of the
Synchronized Reserve Event shall not be included in the allocation of such refund credits. If the
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event spans multiple hours, the refund credits will be prorated hourly based on the duration of
the event within each clock hour.
(k)
The magnitude of response to a Synchronized Reserve Event by a generation
resource or a Demand Resource, except for Batch Load Demand Resources covered by section
3.2.3A(l), is the difference between the generation resource’s output or the Demand Resource’s
consumption at the start of the event and its output or consumption 10 minutes after the start of
the event. In order to allow for small fluctuations and possible telemetry delays, generation
resource output or Demand Resource consumption at the start of the event is defined as the
lowest telemetered generator resource output or greatest Demand Resource consumption
between one minute prior to and one minute following the start of the event. Similarly, a
generation resource's output or a Demand Resource's consumption 10 minutes after the event is
defined as the greatest generator resource output or lowest Demand Resource consumption
achieved between 9 and 11 minutes after the start of the event. The response actually credited to
a generation resource will be reduced by the amount the megawatt output of the generation
resource falls below the level achieved after 10 minutes by either the end of the event or after 30
minutes from the start of the event, whichever is shorter. The response actually credited to a
Demand Resource will be reduced by the amount the megawatt consumption of the Demand
Resource exceeds the level achieved after 10 minutes by either the end of the event or after 30
minutes from the start of the event, whichever is shorter.
(l)
The magnitude of response by a Batch Load Demand Resource that is at the stage
in its production cycle when its energy consumption is less than the level of megawatts in its
offer at the start of a Synchronized Reserve Event shall be the difference between (i) the Batch
Load Demand Resource’s consumption at the end of the Synchronized Reserve Event and (ii) the
Batch Load Demand Resource’s consumption during the minute within the ten minutes after the
end of the Synchronized Reserve Event in which the Batch Load Demand Resource’s
consumption was highest and for which its consumption in all subsequent minutes within the ten
minutes was not less than fifty percent of the consumption in such minute; provided that, the
magnitude of the response shall be zero if, when the Synchronized Reserve Event commences,
the scheduled off-cycle stage of the production cycle is greater than ten minutes. .
3.2.3A.001 Non-Synchronized Reserve.
(a)
Each Market Participant that is a Load Serving Entity that is not part of an
agreement to share reserves with external entities subject to the requirements in BAL-002 shall have
an obligation for hourly Non-Synchronized Reserve equal to its pro rata share of NonSynchronized Reserve assigned for the hour for each Reserve Zone and Reserve Sub-zone of the
PJM Region, based on the Market Participant’s total load (net of operating Behind The Meter
Generation, but not to be less than zero) in such Reserve Zone and Reserve Sub-zone for the
hour (“Non-Synchronized Reserve Obligation”). Those entities that participate in an agreement to
share reserves with external entities subject to the requirements in BAL-002 shall have their reserve
obligations determined based on the stipulations in such agreement. A Market Participant with an
hourly Non-Synchronized Reserve Obligation shall be charged the pro rata share of the sum of
the quantity of Non-Synchronized Reserves provided in each Real-time Settlement Interval times
the clearing price for all Real-time Settlement Intervals in the hour associated with that
obligation.
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(b)
Credits for Non-Synchronized Reserve provided by generation resources that are
not operating for energy at the direction of the Office of the Interconnection specifically for the
purpose of providing Non-Synchronized Reserve shall be the higher of (i) the Non-Synchronized
Reserve Market Clearing Price or (ii) the specific opportunity cost of the generation resource
supplying the increment of Non-Synchronized Reserve, as determined by the Office of the
Interconnection in accordance with procedures specified in the PJM Manuals.
(c)
The Non-Synchronized Reserve Market Clearing Price shall be determined for
each Reserve Zone and Reserve Sub-zone by the Office of the Interconnection for each Realtime Settlement Interval of the Operating Day. The Non-Synchronized Reserve Market Clearing
Price shall be calculated as the 5-minute clearing price. Each 5-minute clearing price shall be
calculated as the marginal cost of procuring sufficient Non-Synchronized Reserves and/or
Synchronized Reserves in each Reserve Zone or Reserve Sub-zone inclusive of opportunity costs
associated with meeting the Primary Reserve Requirement or Extended Primary Reserve
Requirement. When the Primary Reserve Requirement or Extended Primary Reserve
Requirement in a Reserve Zone or Reserve Sub-zone cannot be met at a price less than or equal
to the applicable Reserve Penalty Factor, the 5-minute clearing price for Non-Synchronized
Reserve shall be at least greater than or equal to the applicable Reserve Penalty Factor for the
Reserve Zone or Reserve Sub-zone, but less than or equal to the Reserve Penalty Factor for the
Primary Reserve Requirement for the Reserve Zone or Reserve Sub-zone. If the Office of the
Interconnection has initiated in a Reserve Zone or Reserve Sub-zone either a Voltage Reduction
Action as described in the PJM Manuals or a Manual Load Dump Action as described in the PJM
Manuals, the 5-minute clearing price shall be the Reserve Penalty Factor for the Primary Reserve
Requirement for that Reserve Zone or Reserve Sub-zone.
The Reserve Penalty Factor for the Synchronized Reserve Requirement shall be $850/MWh.
The Reserve Penalty Factor for the Extended Primary Reserve Requirement shall be $300/MWh.
By no later than April 30 of each year, the Office of the Interconnection will analyze Market
Participants’ response to prices exceeding $1,000/MWh on an annual basis and will provide its
analysis to PJM stakeholders. The Office of the Interconnection will also review this analysis to
determine whether any changes to the Primary Reserve Penalty Factors are warranted for
subsequent Delivery Year(s).
(d)
For each Real-time Settlement Interval and for determining the 5-minute NonSynchronized Reserve clearing price, the unit-specific opportunity cost for a generation resource
that is not providing energy because they are providing Non-Synchronized Reserves will be
determined in accordance with the following equation:
(A x B) – C
Where:
A = The deviation of the generation resource’s output necessary to follow the Office of
the Interconnection’s signals and instructions from the generation resource’s expected output
level if it had been dispatched in economic merit order;
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B =The Locational Marginal Price at the generation bus for the generation resource; and
‘
C =The applicable offer for energy from the generation resource in the PJM Interchange
Energy Market.
(e)
In determining the credit under subsection (b) to a resource selected to provide
Non-Synchronized Reserve and that follows the Office of the Interconnection’s signals and
instructions, the unit-specific opportunity cost of a generation resource shall be determined for
each Real-time Settlement Interval that the Office of the Interconnection requires a generation
resource to provide Non- Synchronized Reserve and shall be in accordance with the following
equation:
(A x B) – C
Where:
A = The deviation of the generation resource’s output necessary to follow the Office of
the Interconnection’s signals and instructions from the generation resource’s expected
output level if it had been dispatched in economic merit order;
B = The Locational Marginal Price at the generation bus for the generation resource; and
C = The applicable offer for energy from the generation resource in the PJM Interchange
Energy Market.

(f)
Any amounts credited for Non-Synchronized Reserve in a Real-time Settlement
Interval in excess of the Non-Synchronized Reserve Market Clearing Price in that Real-time
Settlement Interval shall be allocated and charged to each Market Participant that does not meet
its hourly Non-Synchronized Reserve Obligation in proportion to its purchases of NonSynchronized Reserve in megawatt-hours during that hour.
(g)
The magnitude of response to a Non-Synchronized Reserve Event by a generation
resource is the difference between the generation resource’s output at the start of the event and
its output 10 minutes after the start of the event. In order to allow for small fluctuations and
possible telemetry delays, generation resource output at the start of the event is defined as the
lowest telemetered generator resource output between one minute prior to and one minute
following the start of the event. Similarly, a generation resource's output 10 minutes after the
start of the event is defined as the greatest generator resource output achieved between 9 and 11
minutes after the start of the event. The response actually credited to a generation resource will
be reduced by the amount the megawatt output of the generation resource falls below the level
achieved after 10 minutes by either the end of the event or after 30 minutes from the start of the
event, whichever is shorter.
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(h)
In the event a generation resource that has been assigned by the Office of the
Interconnection to provide Non-Synchronized Reserve fails to provide the assigned amount of
Non-Synchronized Reserve in response to a Non-Synchronized Reserve Event, the resource will
be credited for Non-Synchronized Reserve capacity in the amount that actually responded for the
contiguous Real-time Settlement Interval the resource was assigned Non-Synchronized Reserve
during which the event occurred.

3.2.3A.01 Day-ahead Scheduling Reserves.
(a)
The Office of the Interconnection shall satisfy the Day-ahead Scheduling
Reserves Requirement by procuring Day-ahead Scheduling Reserves in the Day-ahead
Scheduling Reserves Market from Day-ahead Scheduling Reserves Resources, provided that
Demand Resources shall be limited to providing the lesser of any limit established by the
Reliability First Corporation or SERC, as applicable, or twenty-five percent of the total Dayahead Scheduling Reserves Requirement. Day-ahead Scheduling Reserves Resources that clear
in the Day-ahead Scheduling Reserves Market shall receive a Day-ahead Scheduling Reserves
schedule from the Office of the Interconnection for the relevant Operating Day. PJMSettlement
shall be the Counterparty to the purchases and sales of Day-ahead Scheduling Reserves in the
PJM Interchange Energy Market; provided that PJMSettlement shall not be a contracting party to
bilateral transactions between Market Participants or with respect to a self-schedule or selfsupply of generation resources by a Market Buyer to satisfy its Day-ahead Scheduling Reserves
Requirement.
(b)
A Day-ahead Scheduling Reserves Resource that receives a Day-ahead
Scheduling Reserves schedule pursuant to subsection (a) of this section shall be paid the hourly
Day-ahead Scheduling Reserves Market clearing price for the cleared megawatt quantity of Dayahead Scheduling Reserves in each hour of the schedule, subject to meeting the requirements of
subsection (c) of this section.
(c)
To be eligible for payment pursuant to subsection (b) of this section, Day-ahead
Scheduling Reserves Resources shall comply with the following provisions:
(i)
Generation resources with a start time greater than thirty minutes are
required to be synchronized and operating at the direction of the Office of the
Interconnection during the resource’s Day-ahead Scheduling Reserves schedule and shall
have a dispatchable range equal to or greater than the Day-ahead Scheduling Reserves
schedule.
(ii)
Generation resources and Demand Resources with start times or shutdown times, respectively, equal to or less than 30 minutes are required to respond to
dispatch directives from the Office of the Interconnection during the resource’s Dayahead Scheduling Reserves schedule. To meet this requirement the resource shall be
required to start or shut down within the specified notification time plus its start or shut
down time, provided that such time shall be less than thirty minutes.
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(iii) Demand Resources with a Day-ahead Scheduling Reserves schedule shall
be credited based on the difference between the resource’s MW consumption at the time
the resource is directed by the Office of the Interconnection to reduce its load (starting
MW usage) and the resource’s MW consumption at the time when the Demand Resource
is no longer dispatched by PJM (ending MW usage). For the purposes of this subsection,
a resource’s starting MW usage shall be the greatest telemetered consumption between
one minute prior to and one minute following the issuance of a dispatch instruction from
the Office of the Interconnection, and a resource’s ending MW usage shall be the lowest
consumption between one minute before and one minute after a dispatch instruction from
the Office of the Interconnection that is no longer necessary to reduce.
(iv)
Notwithstanding subsection (iii) above, the credit for a Batch Load
Demand Resource that is at the stage in its production cycle when its energy consumption
is less than the level of megawatts in its offer at the time the resource is directed by the
Office of the Interconnection to reduce its load shall be the difference between (i) the
“ending MW usage” (as defined above) and (ii) the Batch Load Demand Resource’s
consumption during the minute within the ten minutes after the time of the “ending MW
usage” in which the Batch Load Demand Resource’s consumption was highest and for
which its consumption in all subsequent minutes within the ten minutes was not less than
fifty percent of the consumption in such minute; provided that, the credit shall be zero if,
at the time the resource is directed by the Office of the Interconnection to reduce its load,
the scheduled off-cycle stage of the production cycle is greater than the timeframe for
which the resource was dispatched by PJM.
Resources that do not comply with the provisions of this subsection (c) shall not be eligible to
receive credits pursuant to subsection (b) of this section.
(d) The hourly credits paid to Day-ahead Scheduling Reserves Resources satisfying the Base
Day-ahead Scheduling Reserves Requirement (“Base Day-ahead Scheduling Reserves credits”)
shall equal the ratio of the Base Day-ahead Scheduling Reserves Requirement to the Day-ahead
Scheduling Reserves Requirement, multiplied by the total credits paid to Day-ahead Scheduling
Reserves Resources, and are allocated as Base Day-ahead Scheduling Reserves charges per
paragraph (i) below. The hourly credits paid to Day-ahead Scheduling Reserve Resources
satisfying the Additional Day-ahead Scheduling Reserve Requirement (“Additional Day-ahead
Scheduling Reserves credits”) shall equal the ratio of the Additional Day-ahead Scheduling
Reserves Requirement to the Day-ahead Scheduling Reserves Requirement, multiplied by the
total credits paid to Day-ahead Scheduling Reserves Resources and are allocated as Additional
Day-ahead Scheduling Reserves charges per paragraph (ii) below.
(i)

A Market Participant’s Base Day-ahead Scheduling Reserves charge is equal to
the ratio of the Market Participant’s hourly obligation to the total hourly
obligation of all Market Participants in the PJM Region, multiplied by the Base
Day-ahead Scheduling Reserves credits. The hourly obligation for each Market
Participant is a megawatt representation of the portion of the Base Day-ahead
Scheduling Reserves credits that the Market Participant is responsible for paying
to PJM. The hourly obligation is equal to the Market Participant’s load ratio
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share of the total megawatt volume of Base Day-ahead Scheduling Reserves
resources (described below), based on the Market Participant’s total hourly load
(net of operating Behind The Meter Generation, but not to be less than zero) to the
total hourly load of all Market Participants in the PJM Region. The total
megawatt volume of Base Day-ahead Scheduling Reserves resources equals the
ratio of the Base Day-ahead Scheduling Reserves Requirement to the Day-ahead
Scheduling Reserves Requirement multiplied by the total volume of Day-ahead
Scheduling Reserves megawatts paid pursuant to paragraph (c) of this section. A
Market Participant’s hourly Day-ahead Scheduling Reserves obligation can be
further adjusted by any Day-ahead Scheduling Reserve bilateral transactions.
(ii)

Additional Day-ahead Scheduling Reserves credits shall be charged hourly to
Market Participants that are net purchasers in the Day-ahead Energy Market based
on its positive demand difference ratio share. The positive demand difference for
each Market Participant is the difference between its real-time load (net of
operating Behind The Meter Generation, but not to be less than zero) and cleared
Demand Bids in the Day-ahead Energy Market, net of cleared Increment Offers
and cleared Decrement Bids in the Day-ahead Energy Market, when such value is
positive. Net purchasers in the Day-ahead Energy Market are those Market
Participants that have cleared Demand Bids plus cleared Decrement Bids in
excess of its amount of cleared Increment Offers in the Day-ahead Energy
Market. If there are no Market Participants with a positive demand difference, the
Additional Day-ahead Scheduling Reserves credits are allocated according to
paragraph (i) above.

(e)
If the Day-ahead Scheduling Reserves Requirement is not satisfied through the
operation of subsection (a) of this section, any additional Operating Reserves required to meet
the requirement shall be scheduled by the Office of the Interconnection pursuant to Section 3.2.3
of Schedule 1 of this Agreement.
3.2.3B Reactive Services.
(a)
A Market Seller providing Reactive Services at the direction of the Office of the
Interconnection shall be credited as specified below for the operation of its resource. These
provisions are intended to provide payments to generating units when the LMP dispatch
algorithms would not result in the dispatch needed for the required reactive service. LMP will be
used to compensate generators that are subject to redispatch for reactive transfer limits.
(b)
At the end of each Operating Day, where the active energy output of a Market
Seller’s resource is reduced or suspended at the request of the Office of the Interconnection for
the purpose of maintaining reactive reliability within the PJM Region, the Market Seller shall be
credited according to Sections 3.2.3B(c) & 3.2.3B(d).
(c)
A Market Seller providing Reactive Services from either a steam-electric
generating unit or combined cycle unit operating in combined cycle mode, where such unit is
pool-scheduled (or self-scheduled, if operating according to Section 1.10.3 (c) hereof), and
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where the real time LMP at the unit’s bus is higher than the price offered by the Market Seller
for energy from the unit at the level of output requested by the Office of the Interconnection (as
indicated either by the desired MWs of output from the unit determined by PJM’s unit dispatch
system or as directed by the PJM dispatcher through a manual override) shall be compensated for
lost opportunity cost by receiving a credit in an amount equal to the product of (A) the deviation
of the generating unit’s output necessary to follow the Office of the Interconnection’s signals and
the generating unit’s expected output level if it had been dispatched in economic merit order,
times (B) the Real-time Price at the generation bus for the generating unit, minus (C) the Total
Lost Opportunity Cost Offer, provided that the resulting outcome is greater than $0.00. This
equation is represented as (A*B) - C.
(d)
A Market Seller providing Reactive Services from either a combustion turbine
unit or combined cycle unit operating in simple cycle mode that is pool scheduled (or selfscheduled, if operating according to Section 1.10.3 (c) hereof), operated as requested by the
Office of the Interconnection, shall be compensated for lost opportunity cost, limited to the lesser
of the unit’s Economic Maximum or the unit’s Generation Resource Maximum Output, if the
unit output is reduced at the direction of the Office of the Interconnection and the real time LMP
at the unit’s bus is higher than the price offered by the Market Seller for energy from the unit at
the level of output requested by the Office of the Interconnection as directed by the PJM
dispatcher, then the Market Seller shall be credited in a manner consistent with that described
above in Section 3.2.3B(c) for a steam unit or a combined cycle unit operating in combined cycle
mode.
(e)
At the end of each Operating Day, where the active energy output of a Market
Seller’s unit is increased at the request of the Office of the Interconnection for the purpose of
maintaining reactive reliability within the PJM Region and the offered price of the energy is
above the real-time LMP at the unit’s bus, the Market Seller shall be credited according to
Section 3.2.3B(f).
(f)
A Market Seller providing Reactive Services from either a steam-electric
generating unit, combined cycle unit or combustion turbine unit, where such unit is pool
scheduled (or self-scheduled, if operating according to Section 1.10.3 (c) hereof), and where the
real time LMP at the unit’s bus is lower than the price offered by the Market Seller for energy
from the unit at the level of output requested by the Office of the Interconnection (as indicated
either by the desired MWs of output from the unit determined by PJM’s unit dispatch system or
as directed by the PJM dispatcher through a manual override), shall receive a credit hourly in an
amount equal to {(AG - LMPDMW) x (UB - URTLMP)}where:
AG equals the actual output of the unit;
LMPDMW equals the level of output for the unit determined according to the
point on the scheduled offer curve on which the unit was operating corresponding
to the real time LMP at the unit’s bus and adjusted for any Regulation or Tier 2
Synchronized Reserve assignments;
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UB equals the unit offer for that unit for which output is increased, determined
according to the lesser of the Final Offer or Committed Offer;
URTLMP equals the real time LMP at the unit’s bus; and
where UB - URTLMP shall not be negative.
(g)
A Market Seller providing Reactive Services from a hydroelectric resource where
such resource is pool scheduled (or self-scheduled, if operating according to Section 1.10.3 (c)
hereof), and where the output of such resource is altered from the schedule submitted by the
Market Seller for the purpose of maintaining reactive reliability at the request of the Office of the
Interconnection, shall be compensated for lost opportunity cost in the same manner as provided
in sections 3.2.2(d) and 3.2.3A(f) and further detailed in the PJM Manuals.
(h)
If a Market Seller believes that, due to specific pre-existing binding commitments
to which it is a party, and that properly should be recognized for purposes of this section, the
above calculations do not accurately compensate the Market Seller for lost opportunity cost
associated with following the Office of the Interconnection’s dispatch instructions to reduce or
suspend a unit’s output for the purpose of maintaining reactive reliability, then the Office of the
Interconnection, the Market Monitoring Unit and the individual Market Seller will discuss a
mutually acceptable, modified amount of such alternate lost opportunity cost compensation,
taking into account the specific circumstances binding on the Market Seller. Following such
discussion, if the Office of the Interconnection accepts a modified amount of alternate lost
opportunity cost compensation, the Office of the Interconnection shall invoice the Market
Participant accordingly. If the Market Monitoring Unit disagrees with the modified amount of
alternate lost opportunity cost compensation, as accepted by the Office of the Interconnection, it
will exercise its powers to inform the Commission staff of its concerns.
(i)
The amount of Synchronized Reserve provided by generating units maintaining
reactive reliability shall be counted as Synchronized Reserve satisfying the overall PJM
Synchronized Reserve requirements. Operators of these generating units shall be notified of
such provision, and to the extent a generating unit’s operator indicates that the generating unit is
capable of providing Synchronized Reserve, shall be subject to the same requirements contained
in Section 3.2.3A regarding provision of Tier 2 Synchronized Reserve. At the end of each
Operating Day, to the extent a condenser operated to provide Reactive Services also provided
Synchronized Reserve, a Market Seller shall be credited for providing synchronous condensing
for the purpose of maintaining reactive reliability at the request of the Office of the
Interconnection, in an amount equal to the higher of (i) the Synchronized Reserve Market
Clearing Price for each Real-time Settlement Interval a generating unit provided synchronous
condensing multiplied by the amount of Synchronized reserve provided by the synchronous
condenser or (ii) the sum of (A) the generating unit’s cost to provide synchronous condensing,
calculated in accordance with the PJM Manuals, (B) the product of MW energy usage for
providing synchronous condensing multiplied by the real time LMP at the generating unit’s bus,
(C) the generating unit’s startup-cost of providing synchronous condensing, and (D) the unitspecific lost opportunity cost of the generating resource supplying the increment of Synchronized
Reserve as determined by the Office of the Interconnection in accordance with procedures
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specified in the PJM Manuals. To the extent a condenser operated to provide Reactive Services
was not also providing Synchronized Reserve, the Market Seller shall be credited only for the
generating unit’s cost to condense, as described in (ii) above. The total Synchronized Reserve
Obligations of all Load Serving Entities under section 3.2.3A(a) in the zone where these
condensers are located shall be reduced by the amount counted as satisfying the PJM
Synchronized Reserve requirements. The Synchronized Reserve Obligation of each Load
Serving Entity in the zone under section 3.2.3A(a) shall be reduced to the same extent that the
costs of such condensers counted as Synchronized Reserve are allocated to such Load Serving
Entity pursuant to subsection (l) below.
(j)
A Market Seller’s pool scheduled steam-electric generating unit or combined
cycle unit operating in combined cycle mode, that is not committed to operate in the Day-ahead
Market, but that is directed by the Office of the Interconnection to operate solely for the purpose
of maintaining reactive reliability, at the request of the Office of the Interconnection, shall be
credited in the amount of the unit’s offered price for start-up and no-load fees. The unit also
shall receive, if applicable, compensation in accordance with Sections 3.2.3B(e)-(f).
(k)
The sum of the foregoing credits as specified in Sections 3.2.3B(b)-(j) shall be the
cost of Reactive Services for the purpose of maintaining reactive reliability for the Operating
Day and shall be separately determined for each transmission zone in the PJM Region based on
whether the resource was dispatched for the purpose of maintaining reactive reliability in such
transmission zone.
(l)
The cost of Reactive Services for the purpose of maintaining reactive reliability in
a transmission zone in the PJM Region for each Operating Day shall be allocated and charged to
each Market Participant in proportion to its deliveries of energy to load (net of operating Behind
The Meter Generation) in such transmission zone, served under Network Transmission Service,
in megawatt-hours during that Operating Day, as compared to all such deliveries for all Market
Participants in such transmission zone.
(m)
Generating units receiving dispatch instructions from the Office of the
Interconnection under the expectation of increased actual or reserve reactive shall inform the
Office of the Interconnection dispatcher if the requested reactive capability is not achievable.
Should the operator of a unit receiving such instructions realize at any time during which said
instruction is effective that the unit is not, or likely would not be able to, provide the requested
amount of reactive support, the operator shall as soon as practicable inform the Office of the
Interconnection dispatcher of the unit’s inability, or expected inability, to provide the required
reactive support, so that the associated dispatch instruction may be cancelled. PJM Performance
Compliance personnel will audit operations after-the-fact to determine whether a unit that has
altered its active power output at the request of the Office of the Interconnection has provided the
actual reactive support or the reactive reserve capability requested by the Office of the
Interconnection. PJM shall utilize data including, but not limited to, historical reactive
performance and stated reactive capability curves in order to make this determination, and may
withhold such compensation as described above if reactive support as requested by the Office of
the Interconnection was not or could not have been provided.
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3.2.3C Synchronous Condensing for Post-Contingency Operation.
(a)
Under normal circumstances, PJM operates generation out of merit order to
control contingency overloads when the flow on the monitored element for loss of the contingent
element (“contingency flow”) exceeds the long-term emergency rating for that facility, typically
a 4-hour or 2-hour rating. At times however, and under certain, specific system conditions, PJM
does not operate generation out of merit order for certain contingency overloads until the
contingency flow on the monitored element exceeds the 30-minute rating for that facility (“postcontingency operation”). In conjunction with such operation, when the contingency flow on
such element exceeds the long-term emergency rating, PJM operates synchronous condensers in
the areas affected by such constraints, to the extent they are available, to provide greater
certainty that such resources will be capable of producing energy in sufficient time to reduce the
flow on the monitored element below the normal rating should such contingency occur.
(b)
The amount of Synchronized Reserve provided by synchronous condensers
associated with post-contingency operation shall be counted as Synchronized Reserve satisfying
the PJM Synchronized Reserve requirements. Operators of these generation units shall be
notified of such provision, and to the extent a generation unit’s operator indicates that the
generation unit is capable of providing Synchronized Reserve, shall be subject to the same
requirements contained in Section 3.2.3A regarding provision of Tier 2 Synchronized Reserve.
At the end of each Operating Day, to the extent a condenser operated in conjunction with postcontingency operation also provided Synchronized Reserve, a Market Seller shall be credited for
providing synchronous condensing in conjunction with post-contingency operation at the request
of the Office of the Interconnection, in an amount equal to the higher of (i) the Synchronized
Reserve Market Clearing Price for each applicable interval a generation resource provided
synchronous condensing multiplied by the amount of Synchronized Reserve provided by the
synchronous condenser or (ii) the sum of (A) the generation resource’s applicable interval cost
to provide synchronous condensing, calculated in accordance with the PJM Manuals, (B) the
applicable interval product of the megawatts of energy used to provide synchronous condensing
multiplied by the real-time LMP at the generation bus of the generation resource, (C) the
generation resource’s start-up cost of providing synchronous condensing, and (D) the unitspecific lost opportunity cost of the generation resource supplying the increment of Synchronized
Reserve as determined by the Office of the Interconnection in accordance with procedures
specified in the PJM Manuals. To the extent a condenser operated in association with postcontingency constraint control was not also providing Synchronized Reserve, the Market Seller
shall be credited only for the generation unit’s cost to condense, as described in (ii) above. The
total Synchronized Reserve Obligations of all Load Serving Entities under section 3.2.3A(a) in
the zone where these condensers are located shall be reduced by the amount counted as
satisfying the PJM Synchronized Reserve requirements. The Synchronized Reserve Obligation
of each Load Serving Entity in the zone under section 3.2.3A(a) shall be reduced to the same
extent that the costs of such condensers counted as Synchronized Reserve are allocated to such
Load Serving Entity pursuant to subsection (d) below.
(c)
The sum of the foregoing credits as specified in section 3.2.3C(b) shall be the cost
of synchronous condensers associated with post-contingency operations for the Operating Day
and shall be separately determined for each transmission zone in the PJM Region based on
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whether the resource was dispatched in association with post-contingency operation in such
transmission zone.
(d)
The cost of synchronous condensers associated with post-contingency operations
in a transmission zone in the PJM Region for each Operating Day shall be allocated and charged
to each Market Participant in proportion to its deliveries of energy to load (net of operating
Behind The Meter Generation) in such transmission zone, served under Network Transmission
Service, in megawatt-hours during that Operating Day, as compared to all such deliveries for all
Market Participants in such transmission zone.
3.2.4

Transmission Congestion Charges.

Each Market Buyer shall be assessed Transmission Congestion Charges as specified in Section 5
of this Schedule.
3.2.5

Transmission Loss Charges.

Each Market Buyer shall be assessed Transmission Loss Charges as specified in Section 5 of this
Schedule.
3.2.6

Emergency Energy.

(a)
When the Office of the Interconnection has implemented Emergency procedures,
resources offering Emergency energy are eligible to set real-time Locational Marginal Prices,
capped at the energy offer cap plus the sum of the applicable Reserve Penalty Factors for the
Synchronized Reserve Requirement and Primary Reserve Requirement, provided that the
Emergency energy is needed to meet demand in the PJM Region.
(b)
Market Participants shall be allocated a proportionate share of the net cost of Emergency
energy purchased by the Office of the Interconnection. Such allocated share during each
applicable interval of such Emergency energy purchase shall be in proportion to the amount of
each Market Participant’s real-time deviation from its net withdrawals and injections in the Dayahead Energy Market, whenever that deviation increases the Market Participant’s spot market
purchases or decreases its spot market sales. This deviation shall not include any reduction or
suspension of output of pool scheduled resources requested by PJM to manage an Emergency
within the PJM Region.
(c)
Net revenues in excess of Real-time Prices attributable to sales of energy in connection
with Emergencies to other Control Areas shall be credited to Market Participants during each
applicable interval of such Emergency energy sale in proportion to the sum of (i) each Market
Participant’s real-time deviation from its net withdrawals and injections in the Day-ahead
Energy Market, whenever that deviation increases the Market Participant’s spot market
purchases or decreases its spot market sales, and (ii) each Market Participant’s energy sales from
within the PJM Region to entities outside the PJM Region that have been curtailed by PJM.
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(d)
The net costs or net revenues associated with sales or purchases of energy in connection
with a Minimum Generation Emergency in the PJM Region, or in another Control Area, shall be
allocated during each applicable interval of such Emergency sale or purchase to each Market
Participant in proportion to the amount of each Market Participant’s real-time deviation from its
net withdrawals and injections in the Day-ahead Market, whenever that deviation increases the
Market Participant’s spot market sales or decreases its spot market purchases.
3.2.7

Billing.

(a)
PJMSettlement shall prepare a billing statement each billing cycle for each
Market Participant in accordance with the charges and credits specified in Sections 3.2.1
through 3.2.6 of this Schedule, and showing the net amount to be paid or received by the Market
Participant. Billing statements shall provide sufficient detail, as specified in the PJM Manuals,
to allow verification of the billing amounts and completion of the Market Participant’s internal
accounting.
(b)
If deliveries to a Market Participant that has PJM Interchange meters in
accordance with Section 14 of the Operating Agreement include amounts delivered for a Market
Participant that does not have PJM Interchange meters separate from those of the metered
Market Participant, PJMSettlement shall prepare a separate billing statement for the unmetered
Market Participant based on the allocation of deliveries agreed upon between the Market
Participant and the unmetered Market Participant specified by them to the Office of the
Interconnection.
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Section(s) of the
PJM Operating Agreement
(Marked / Redline Format)

Definitions Q - R
Ramping Capability:
“Ramping Capability” shall mean the sustained rate of change of generator output, in megawatts
per minute.
Real-time Congestion Price:
“Real-time Congestion Price” shall mean the Congestion Price resulting from the Office of the
Interconnection’s dispatch of the PJM Interchange Energy Market in the Operating Day.
Real-time Loss Price:
“Real-time Loss Price” shall mean the Loss Price resulting from the Office of the
Interconnection’s dispatch of the PJM Interchange Energy Market in the Operating Day.
Real-time Prices:
“Real-time Prices” shall mean the Locational Marginal Prices resulting from the Office of the
Interconnection’s dispatch of the PJM Interchange Energy Market in the Operating Day.
Real-time Energy Market:
“Real-time Energy Market” shall mean the purchase or sale of energy and payment of
Transmission Congestion Charges for quantity deviations from the Day-ahead Energy Market in
the Operating Day.
Real-time Settlement Interval:
“Real-time Settlement Interval” shall mean the interval used by settlements, which shall be every
five minutes.
Real-time System Energy Price:
“Real-time System Energy Price” shall mean the System Energy Price resulting from the Office
of the Interconnection’s dispatch of the PJM Interchange Energy Market in the Operating Day.
Regional Entity:
“Regional Entity” shall mean an organization that NERC has delegated the authority to propose
and enforce reliability standards pursuant to the Federal Power Act.
Regional RTEP Project:
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“Regional RTEP Project” shall mean a transmission expansion or enhancement rated at 230 kV
or above which is required for compliance with the following PJM criteria: system reliability,
operational performance or economic criteria, pursuant to a determination by the Office of the
Interconnection.
Registered Entity:
“Registered Entity” shall mean the entity registered under the NERC Functional Model and
NERC Rules of Procedures for the purpose of compliance with NERC Reliability Standards and
responsible for carrying out the tasks within a NERC function without regard to whether a task
or tasks are performed by another entity pursuant to the terms of the PJM Governing
Agreements.
Regulation:
“Regulation” shall mean the capability of a specific generation resource or Demand Resource
with appropriate telecommunications, control and response capability to separately increase and
decrease its output or adjust load in response to a regulating control signal, in accordance with
the specifications in the PJM Manuals.
Regulation Effective Megawatts:
“Regulation Effective Megawatts” shall equal the product of 1) the amount of Regulation that a
resource is providing in a given hour, 2) the resource’s historic performance score, and 3) the
resource’s Regulation Rate of Technical Substitution.
Regulation Marginal Rate of Technical Substitution:
“Regulation Marginal Rate of Technical Substitution” shall mean the Regulation Rate of
Technical Substitution assigned to the last dynamic Regulation resource committed to provide
Regulation service in a given hour.
Regulation Rate of Technical Substitution:
“Regulation Rate of Technical Substitution” shall mean a value along the Regulation Rate of
Technical Substitution Curve that translates a dynamic Regulation resource into a traditional
Regulation resource. Regulation Rate of Technical Substitution is calculated in accordance with
the PJM Manuals.
Regulation Rate of Technical Substitution Curve:
“Regulation Rate of Technical Substitution Curve” shall mean a function that defines the
operational relationship between traditional and dynamic Regulation resources utilized to meet
the Regulation Requirement. Regulation Rate of Technical Substitution Curve is calculated in
accordance with the PJM
Manuals.
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Regulation Requirement:
“Regulation Requirement” shall mean the calculated Regulation Effective Megawatts required to
be maintained in a Regulation Zone, absent any increase to account for additional Regulation
scheduled to address operational uncertainty. Regulation Requirement is defined in accordance
with the PJM Manuals.
Regulation Zone:
“Regulation Zone” shall mean any of those one or more geographic areas, each consisting of a
combination of one or more Control Zone(s) as designated by the Office of the Interconnection
in the PJM Manuals, relevant to provision of, and requirements for, regulation service.
Related Parties:
“Related Parties” shall mean, solely for purposes of the governance provisions of the Operating
Agreement: (i) any generation and transmission cooperative and one of its distribution
cooperative members; and (ii) any joint municipal agency and one of its members. For purposes
of the Operating Agreement, representatives of state or federal government agencies shall not be
deemed Related Parties with respect to each other, and a public body's regulatory authority, if
any, over a Member shall not be deemed to make it a Related Party with respect to that Member.
Relevant Electric Retail Regulatory Authority:
“Relevant Electric Retail Regulatory Authority” shall mean an entity that has jurisdiction over
and establishes prices and policies for competition for providers of retail electric service to endcustomers, such as the city council for a municipal utility, the governing board of a cooperative
utility, the state public utility commission or any other such entity.
Reliability Assurance Agreement:
“Reliability Assurance Agreement” shall mean that certain Reliability Assurance Agreement
Among Load-Serving Entities in the PJM Region, on file with FERC as PJM Interconnection,
L.L.C. Rate Schedule FERC. No .44, and as amended from time to time thereafter.
Reserve Penalty Factor:
“Reserve Penalty Factor” shall mean the cost, in $/MWh, associated with being unable to meet a
specific reserve requirement in a Reserve Zone or Reserve Sub-zone. A Reserve Penalty Factor
will be defined for each reserve requirement in a Reserve Zone or Reserve Sub-zone.
Reserve Sub-zone:
“Reserve Sub-zone” shall mean any of those geographic areas wholly contained within a Reserve
Zone, consisting of a combination of a portion of one or more Control Zone(s) as designated by
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the Office of the Interconnection in the PJM Manuals, relevant to provision of, and requirements
for, reserve service.
Reserve Zone:
“Reserve Zone” shall mean any of those geographic areas consisting of a combination of one or
more Control Zone(s) as designated by the Office of the Interconnection in the PJM Manuals,
relevant to provision of, and requirements for, reserve service.
Residual Auction Revenue Rights:
“Residual Auction Revenue Rights” shall mean incremental stage 1 Auction Revenue Rights
created within a Planning Period by an increase in transmission system capability, including the
return to service of existing transmission capability, that was not modeled pursuant to Operating
Agreement, Schedule 1, section 7.5, and the parallel provisions of Tariff, Attachment KAppendix in compliance with Operating Agreement, Schedule 1, section 7.4.2(h), and the
parallel provisions of Tariff, Attachment K-Appendix, and, if modeled, would have increased the
amount of stage 1 Auction Revenue Rights allocated pursuant to Operating Agreement, Schedule
1, section 7.4.2, and the parallel provisions of Attachment K-Appendix; provided that, the
foregoing notwithstanding, Residual Auction Revenue Rights shall exclude: 1) Incremental
Auction Revenue Rights allocated pursuant to Tariff, Part VI; and 2) Auction Revenue Rights
allocated to entities that are assigned cost responsibility pursuant to Operating Agreement,
Schedule 6 for transmission upgrades that create such rights.
Residual Metered Load:
“Residual Metered Load” shall mean all load remaining in an electric distribution company’s
fully metered franchise area(s) or service territory(ies) after all nodally priced load of entities
serving load in such area(s) or territory(ies) has been carved out.
Revenue Data for Settlements:
“Revenue Data for Settlements” shall mean energy quantities used in accounting and billing as
determined pursuant to Tariff, Attachment K-Appendix and the corresponding provisions of
Operating Agreement, Schedule 1.
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3.2

Market Settlements.

If a dollar-per-MW-hour value is applied in a calculation under this section 3.2 where the
interval of the value produced in that calculation is less than an hour, then for purposes of that
calculation the dollar-per-MW hour value is divided by the number of Real-time Settlement
Intervals in the hour.
3.2.1

Spot Market Energy.

(a)
The Office of the Interconnection shall calculate System Energy Prices in the
form of Day-ahead System Energy Prices and Real-time System Energy Prices for the PJM
Region, in accordance with Section 2 of this Schedule.
(b)
Each Market Participant shall be charged for all of its Market Participant Energy
Withdrawals scheduled in the Day-ahead Energy Market at the Day-ahead System Energy Price
to be served in the PJM Interchange Energy Market.
(c)
Each Market Participant shall be paid for all of its Market Participant Energy
Injections scheduled in the Day-ahead Energy Market at the Day-ahead System Energy Price to
be delivered to the PJM Interchange Energy Market.
(d) For each Day-ahead Settlement Interval during an Operating Day, the Office
of the Interconnection shall calculate Spot Market Energy charges for each Market Participant
as the difference between the sum of its Market Participant Energy Withdrawals scheduled times
the Day-ahead System Energy Price and the sum of its Market Participant Energy Injections
scheduled times the Day-ahead System Energy Price.
(e) For each Real-time Settlement Interval during an Operating Day, the Office of the
Interconnection shall calculate Spot Market Energy charges for each Market Participant as the
difference between the sum of its real-time Market Participant Energy Withdrawals less its
scheduled Market Participant Energy Withdrawals times the Real-time System Energy Price and
the sum of its real-time Market Participant Energy Injections less scheduled Market Participant
Energy Injections times the Real-time System Energy Price. The Revenue Data for Settlements
determined for each Real-time Settlement Interval in accordance with section 3.1A of this
Schedule shall be used in determining the real-time Market Participant Energy Withdrawals and
Market Participant Energy Injections used to calculate Spot Market Energy charges under this
subsection (e).
(f) For pool External Resources, the Office of the Interconnection shall model, based on
an appropriate flow analysis, the megawatts of real-time energy injections to be delivered from
each such resource to the corresponding Interface Pricing Point between adjacent Control Areas
and the PJM Region
3.2.2

Regulation.
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(a)
Each Market Participant that is a Load Serving Entity in a Regulation Zone shall
have an hourly Regulation objective equal to its pro rata share of the Regulation requirements of
such Regulation Zone for the hour, based on the Market Participant’s total load (net of operating
Behind The Meter Generation, but not to be less than zero) in such Regulation Zone for the hour
(“Regulation Obligation”). A Market Participant with an hourly Regulation Obligation shall be
charged the pro rata share of the sum of the quantity of regulation provided in each Real-time
Settlement Interval times the clearing price for all Real-time Settlement Intervals in the hour
associated with that obligation.
(b)
Each Market Participant supplying Regulation in a Regulation Zone at the
direction of the Office of the Interconnection shall be credited for each of its resources such that
the calculated credit for each increment of Regulation provided by each resource shall be the
higher of: (i) the Regulation market-clearing price; or (ii) the sum of the applicable Regulation
offers for a resource determined pursuant to Section 3.2.2A.1 of this Schedule, the unit-specific
shoulder hour opportunity costs described in subsection (e) of this section, the unit-specific intertemporal opportunity costs, and the unit-specific opportunity costs discussed in subsection (d) of
this section.
(c)
The total Regulation market-clearing price in each Regulation Zone shall be
determined for each Real-time Settlement Interval. The total Regulation market-clearing price
shall include: (i) the performance Regulation market-clearing price in a Regulation Zone that
shall be calculated in accordance with subsection (g) of this section; (ii) the capability Regulation
market-clearing price that shall be calculated in accordance with subsection (h) of this section;
and (iii) a Regulation resource’s unit-specific opportunity costs during the 5-minute period,
determined as described in subsection (d) below, divided by the unit-specific benefits
factorRegulation Rate of Technical Substitution described in subsection (kj) of this section and
divided by the historic accuracyperformance score of the resource from among the resources
selected to provide Regulation. A resource’s Regulation offer by any Market Seller that fails the
three-pivotal supplier test set forth in section 3.2.2A.1 of this Schedule shall not exceed the cost
of providing Regulation from such resource, plus twelve dollars, as determined pursuant to the
formula in section 1.10.1A(e) of this Schedule.
(d)
In determining the Regulation 5-minute clearing price for each Regulation Zone,
the estimated unit-specific opportunity costs of a generation resource offering to sell Regulation
in each regulating hour, except for hydroelectric resources, shall be equal to the product of (i) the
deviation of the set point of the generation resource that is expected to be required in order to
provide Regulation from the generation resource’s expected output level if it had been
dispatched in economic merit order times, (ii) the absolute value of the difference between the
expected Locational Marginal Price at the generation bus for the generation resource and (a) for
offline resources that will be brought online solely for regulation, the lessercheapest of the
available market-based or highest available cost-based energy schedulesoffer from the generation
resource (at the megawatt level of the Regulation set point for the resource) in the PJM
Interchange Energy Market or (b) for online resources, the schedule on which the resource was
committed for energy.
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For hydroelectric resources offering to sell Regulation in a regulating hour, the estimated unitspecific opportunity costs for each hydroelectric resource in spill conditions as defined in the
PJM Manuals will be the full value of the Locational Marginal Price at that generation bus for
each megawatt of Regulation capability.
The estimated unit-specific opportunity costs for each hydroelectric resource that is not in spill
conditions as defined in the PJM Manuals and has a day-ahead megawatt commitment greater
than zero shall be equal to the product of (i) the deviation of the set point of the hydroelectric
resource that is expected to be required in order to provide Regulation from the hydroelectric
resource’s expected output level if it had been dispatched in economic merit order times (ii) the
difference between the expected Locational Marginal Price at the generation bus for the
hydroelectric resource and the average of the Locational Marginal Price at the generation bus for
the appropriate on-peak or off-peak period as defined in the PJM Manuals, excluding those hours
during which all available units at the hydroelectric resource were operating. Estimated
opportunity costs shall be zero for hydroelectric resources for which the average Locational
Marginal Price at the generation bus for the appropriate on-peak or off-peak period, excluding
those Real-time Settlement Intervals during which all available units at the hydroelectric resource
were operating is higher than the actual Locational Marginal Price at the generator bus for the
Real-time Settlement Interval.
The estimated unit-specific opportunity costs for each hydroelectric resource that is not in spill
conditions as defined in the PJM Manuals and does not have a day-ahead megawatt commitment
greater than zero shall be equal to the product of (i) the deviation of the set point of the
hydroelectric resource that is expected to be required in order to provide Regulation from the
hydroelectric resource’s expected output level if it had been dispatched in economic merit order
times (ii) the difference between the average of the Locational Marginal Price at the generation
bus for the appropriate on-peak or off-peak period as defined in the PJM Manuals, excluding
those hours during which all available units at the hydroelectric resource were operating and the
expected Locational Marginal Price at the generation bus for the hydroelectric resource.
Estimated opportunity costs shall be zero for hydroelectric resources for which the actual
Locational Marginal Price at the generator bus for the Real-time Settlement Interval is higher
than the average Locational Marginal Price at the generation bus for the appropriate on-peak or
off-peak period, excluding those Real-time Settlement Intervals during which all available units
at the hydroelectric resource were operating.
For the purpose of committing resources and setting Regulation market clearing prices, the
Office of the Interconnection shall utilize day-ahead Locational Marginal Prices to calculate
opportunity costs for hydroelectric resources. For the purposes of settlements, the Office of the
Interconnection shall utilize the real-time Locational Marginal Prices to calculate opportunity
costs for hydroelectric resources.
Estimated opportunity costs for Demand Resources to provide Regulation are zero.
(e)
In determining the credit under subsection (b) to a Market Participant selected to
provide Regulation in a Regulation Zone and that actively follows the Office of the
Interconnection‘s Regulation signals and instructions, the unit-specific opportunity cost of a
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generation resource shall be determined for (1) each Real-time Settlement Interval that the Office
of the Interconnection requires a generation resource to provide Regulation, and (2) the last three
Real-time Settlement Intervals of the preceding shoulder hour and the first three Real-time
Settlement Intervals of the following shoulder hour in accordance with the PJM Manuals and
below.
The unit-specific opportunity cost incurred during the Real-time Settlement Interval in which the
Regulation obligation is fulfilled shall be equal to the product of (i) the deviation of the
generation resource’s output necessary to follow the Office of the Interconnection’s Regulation
signals from the generation resource’s expected output level if it had been dispatched in
economic merit order times (ii) the absolute value of the difference between the Locational
Marginal Price at the generation bus for the generation resource and the lesser of the available
market-based or highest available cost-based energy offer from the generation resource (the
schedule on which the resource was committed at the actual megawatt level of the resource when
the actual megawatt level is within the tolerance defined in the PJM Manuals for the Regulation
set point, or at the Regulation set point for the resource when it is not within the corresponding
tolerance in the PJM Interchange Energy Market. Opportunity costs for Demand Resources to
provide Regulation are zero.
The unit-specific opportunity costs associated with uneconomic operation during each of the
preceding three Real-time Settlement Intervals of the shoulder hour shall be equal to the product
of (i) the deviation between the set point of the generation resource that is expected to be
required in the initial regulating Real-time Settlement Interval in order to provide Regulation and
the resource’s expected output in each of the preceding three Real-time Settlement Intervals of
the shoulder hour times (ii) the absolute value of the difference between the Locational Marginal
Price at the generation bus for the generation resource in each of the preceding three Real-time
Settlement Intervals of the shoulder hour and the lesser of the available market-based or highest
available cost-based energy offer from the generation resource (the schedule on which the
resource is committed at the megawatt level of the Regulation set point for the resource in the
initial regulating Real-time Settlement Interval) in the PJM Interchange Energy Market, all as
determined by the Office of the Interconnection in accordance with procedures specified in the
PJM Manuals.
The unit-specific opportunity costs associated with uneconomic operation during each of the
following three Real-time Settlement Intervals of the shoulder hour shall be equal to the product
of (i) the deviation between the set point of the generation resource that is expected to be
required in the final regulating Real-time Settlement Interval in order to provide Regulation and
the resource’s expected output in each of the following three Real-time Settlement Intervals of
the shoulder hour times (ii) the absolute value of the difference between the Locational Marginal
Price at the generation bus for the generation resource in each of the following three Real-time
Settlement Intervals of the shoulder hour and the lesser of the available market-based or highest
available cost-based energy offer from the generation resource (the schedule on which the
resource is committed at the megawatt level of the Regulation set point for the resource in final
regulating hour in the PJM Interchange Energy Market all as determined by the Office of the
Interconnection in accordance with procedures specified in the PJM Manuals.
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(f)
Any amounts credited for Regulation in an hour in excess of the Regulation
market-clearing price in that hour shall be allocated and charged to each Market Participant in a
Regulation Zone that does not meet its hourly Regulation obligation in proportion to its
purchases of Regulation in such Regulation Zone in megawatt-hours during that hour.
(g)
To determine the performance Regulation market performance-clearing price for
the each Regulation Zone, the Office of the Interconnection shall adjust the submitted
performance offer for each resource in accordance with the historical performance of that
resource, the amount of Regulation that resource will be dispatched based on the ratio of control
signals calculated by the Office of the Interconnection, and the unit-specific Regulation Rate of
Technical Substitutionbenefits factor described in subsection (kj) of this section for which that
resource is qualified. The maximum adjusted performance offer of all cleared resources will set
the performance Regulation market-performance clearing price.
The owner of each Regulation resource that actively follows the Office of the Interconnection’s
Regulation signals and instructions, will be credited for Regulation performance by multiplying
the assigned MW(s) by the performance Regulation market performance-clearing price, by the
Regulation Marginal Rate of Technical Substitutionratio between the requested mileage for the
Regulation dispatch signal assigned to the Regulation resource and the Regulation dispatch
signal assigned to traditional resources, and by the Regulation resource’s accuracyperformance
score calculated in accordance with subsection (lk) of this section.
(h)
The Office of the Interconnection shall divide each Regulation resource’s
capability offer by the unit-specific Regulation Rate of Technical Substitution benefits factor
described in subsection (kj) of this section and also divided by the historic accuracyperformance
score of for the resource for the purposes of committing resources and setting the market clearing
prices.
The Office of the Interconnection shall calculate the capability Regulation market capabilityclearing price for theeach Regulation Zone by subtracting the performance Regulation marketcapability clearing price described in subsection (g) from the total Regulation market clearing
price described in subsection (c). This residual sets the capability Regulation market capability
clearing price for that market Real-time Settlement Interval.
The owner of each Regulation resource that actively follows the Office of the Interconnection’s
Regulation signals and instructions will be credited for Regulation capability based on the
assigned MW and the capability Regulation market- capability clearing price multiplied by the
Regulation Marginal Rate of Technical Substitution, and the Regulation resource’s
accuracyperformance score calculated in accordance with subsection (kl) of this section.
(i)
In accordance with the processes described in the PJM Manuals, the Office of the
Interconnection shall: (i) calculate inter-temporal opportunity costs for each applicable resource;
(ii) include such inter-temporal opportunity costs in each applicable resource’s offer to sell
frequency Regulation service; and (iii) account for such inter-temporal opportunity costs in the
Regulation market-clearing price.

Page 61

(j)
As further detailed in PJM Manuals, the Regulation Rate of Technical
Substitution Curve shall be calculated using engineering models to determine the combinations
of the dynamic Regulation signal and traditional Regulation signal that provide equivalent
system control.
(kj)
The Office of the Interconnection shall calculate a unit-specific benefits
factorRegulation Rate of Technical Substitution for each resource assigned to theof the dynamic
Regulation signal and the traditional Regulation signal based on their order in the merit order
stack for the applicable Regulation signal, in accordance with the PJM Manuals. Each resource
shall be assigned a unit-specific benefits factor based on their order in the merit order stack for
the applicable Regulation signal. The unit-specific Regulation Rate of Technical Subsitution
benefits factor is the point on the Regulation Rate of Technical Substitutionbenefits factor
Ccurve that aligns with the last megawatt, adjusted by historical performance, that resource will
add to the dynamic resource stack. The unit-specific Regulation Rate of Technical Substitution
benefits factor for the traditional Regulation signal shall be equal to one.
(kl)
The Office of the Interconnection shall calculate each Regulation resource’s
performance accuracy score. The performance accuracy score shall be calculated as a function
of the difference in the energy provided by the Regulation resource versus the energy requested
by the Regulation signal. For each interval in which a resource is assigned Regulation, PJM
calculates the performance score in accordance with the following equation:
be the average of a delay score, correlation score, and energy score for each ten second interval.
For purposes of setting the interval to be used for the correlation score and delay scores, PJM
will use the maximum of the correlation score plus the delay score for each interval.

The Office of the Interconnection shall calculate the correlation score using the following
statistical correlation function (r) that measures the delay in response between the Regulation
signal and the resource change in output:
Correlation Score = rSignal,Response(δ,δ+5 Min);
δ=0 to 5 Min

where δ is delay.
The Office of the Interconnection shall calculate the delay score using the following equation:
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Delay Score = Abs ((δ- 5 Minutes) / (5 Minutes)).
The Office of the Interconnection shall calculate an energy score as a function of the difference
in the energy provided versus the energy requested by the Regulation signal while scaling for the
number of samples. The energy score is the absolute error (ε) as a function of the resource’s
Regulation capacity using the following equations:
Energy Score = 1 - 1/n ∑ Abs (Error);
Error = Average of Abs ((Response - Regulation Signal) / (Hourly Average Regulation
Signal)); and
n = the number of samples in the hour and the energy.
The Office of the Interconnection shall calculate an accuracy score for each Regulation resource
that is the average of the delay score, correlation score, and energy score for a five-minute period
using the following equation where the energy score, the delay score, and the correlation score
are each weighted equally:
Accuracy Score = max ((Delay Score) + (Correlation Score)) + (Energy Score).The
historic accuracyperformance score will be based on a rolling average of the Real-time
Settlement Interval accuracyperformance scores, with consideration of the qualification score, as
defined in the PJM Manuals.
3.2.2A Offer Price Caps.
3.2.2A.1

Applicability.

(a)
Each hour, the Office of the Interconnection shall conduct a three-pivotal supplier
test as described in this section. Regulation offers from Market Sellers that fail the three-pivotal
supplier test shall be capped in the hour in which they failed the test at their cost based offers as
determined pursuant to section 1.10.1A(e) of this Schedule. A Regulation supplier fails the
three-pivotal supplier test in any hour in which such Regulation supplier and the two largest
other Regulation suppliers are jointly pivotal.
(b)
For the purposes of conducting the three-pivotal supplier test pursuant to this
section, the following applies:
(i)
The three-pivotal supplier test will include in the definition of available
supply all offers from resources capable of satisfying the Regulation Rrequirement of the
PJM Region multiplied by the historic accuracy score of the resource and multiplied by
the unit-specific benefits factorRegulation Rate of Technical Substitution for which the
capability cost-based offer plus the performance cost-based offer plus any eligible
opportunity costs is no greater than 150 percent of the clearing price that would be
calculated if all offers were limited to cost (plus eligible opportunity costs).
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(ii)
The three-pivotal supplier test will apply on a Regulation supplier basis
(i.e. not a resource by resource basis) and only the Regulation suppliers that fail the threepivotal supplier test will have their Regulation offers capped. A Regulation supplier for
the purposes of this section includes corporate affiliates. Regulation from resources
controlled by a Regulation supplier or its affiliates, whether by contract with unaffiliated
third parties or otherwise, will be included as Regulation of that Regulation supplier.
Regulation provided by resources owned by a Regulation supplier but controlled by an
unaffiliated third party, whether by contract or otherwise, will be included as Regulation
of that third party.
(iii) Each supplier shall be ranked from the largest to the smallest offered
megawatt of eligible Regulation supply adjusted by the historic performance of each
resource and the unit-specific benefits factor. Suppliers are then tested in order, starting
with the three largest suppliers. For 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 to determine the residual supply index. Where the residual
supply index for three pivotal suppliers 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 third supplier result in a residual supply index greater than 1.0, at which point the
remaining suppliers pass the test. Any resource owner that fails the three-pivotal supplier
test will be offer-capped.

3.2.3

Operating Reserves.

(a)
A Market Seller’s pool-scheduled resources capable of providing Operating
Reserves shall be credited as specified below based on the applicable offer for the operation of
such resource, provided that the resource was available for the entire time specified in the Offer
Data for such resource. To the extent that Section 3.2.3A.01 of Schedule 1 of this Agreement
does not meet the Day-ahead Scheduling Reserves Requirement, the Office of the
Interconnection shall schedule additional Operating Reserves pursuant to Section 1.7.17 and 1.10
of Schedule 1 of this Agreement. In addition the Office of the Interconnection shall schedule
Operating Reserves pursuant to those sections to satisfy any unforeseen Operating Reserve
requirements that are not reflected in the Day-ahead Scheduling Reserves Requirement.
(b)
The following determination shall be made for each pool-scheduled resource that
is scheduled in the Day-ahead Energy Market: the total offered price for Start-up Costs and Noload Costs and energy, determined on the basis of the resource’s scheduled output, shall be
compared to the total value of that resource’s energy – as determined by the Day-ahead Energy
Market and the Day-ahead Prices applicable to the relevant generation bus in the Day-ahead
Energy Market. PJM shall also (i) determine whether any resources were scheduled in the Dayahead Energy Market to provide Black Start service, Reactive Services or transfer interface
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control during the Operating Day because they are known or expected to be needed to maintain
system reliability in a Zone during the Operating Day in order to minimize the total cost of
Operating Reserves associated with the provision of such services and reflect the most accurate
possible expectation of real-time operating conditions in the day-ahead model, which resources
would not have otherwise been committed in the day-ahead security-constrained dispatch and (ii)
report on the day following the Operating Day the megawatt quantities scheduled in the Dayahead Energy Market for the above-enumerated purposes for the entire RTO.
Except as provided in Section 3.2.3(n), if the total offered price for Start-up Costs (shutdown
costs for Demand Resources) and No-load Costs and energy summed over all Day-ahead
Settlement Intervals exceeds the total value summed over all Day-ahead Settlement Intervals, the
difference shall be credited to the Market Seller.
The Office of the Interconnection shall apply any balancing Operating Reserve credits allocated
pursuant to this Section 3.2.3(b) to real-time deviations or real-time load share plus exports,
pursuant to Section 3.2.3(p), depending on whether the balancing Operating Reserve credits are
related to resources scheduled during the reliability analysis for an Operating Day, or during the
actual Operating Day.
(i)
For resources scheduled by the Office of the Interconnection during the
reliability analysis for an Operating Day, the associated balancing Operating Reserve
credits shall be allocated based on the reason the resource was scheduled according to the
following provisions:
(A)
If the Office of the Interconnection determines during the
reliability analysis for an Operating Day that a resource was 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, the associated balancing Operating Reserve credits, identified as RA
Credits for Deviations, shall be allocated to real-time deviations.
(B)
If the Office of the Interconnection determines during the
reliability analysis for an Operating Day that a resource was committed to
maintain system reliability, the associated balancing Operating Reserve credits,
identified as RA Credits for Reliability, shall be allocated according to ratio share
of real time load plus export transactions.
(C)
If the Office of the Interconnection determines during the
reliability analysis for an Operating Day that a resource with a day-ahead
schedule is required to deviate from that schedule to provide balancing Operating
Reserves, the associated balancing Operating Reserve credits shall be segmented
and separately allocated pursuant to subsections 3.2.3(b)(i)(A) or 3.2.3(b)(i)(B)
hereof. Balancing Operating Reserve credits for such resources will be identified
in the same manner as units committed during the reliability analysis pursuant to
subsections 3.2.3(b)(i)(A) and 3.2.3(b)(i)(B) hereof.
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(ii)
For resources scheduled during an Operating Day, the associated
balancing Operating Reserve credits shall be allocated according to the following
provisions:
(A)
If the Office of the Interconnection directs a resource to operate
during an Operating Day to provide balancing Operating Reserves, the associated
balancing Operating Reserve credits, identified as RT Credits for Reliability, shall
be allocated according to ratio share of load plus exports. The foregoing
notwithstanding, credits will be applied pursuant to this section only if the LMP at
the resource's bus does not meet or exceed the applicable offer of the resource for
at least four 5-minute intervals during one or more discrete clock hours during
each period the resource operated and produced MWs during the relevant
Operating Day. If a resource operated and produced MWs for less than four 5minute intervals during one or more discrete clock hours during the relevant
Operating Day, the credits for that resource during the hour it was operated less
than four 5-minute intervals will be identified as being in the same category (RT
Credits for Reliability or RT Credits for Deviations) as identified for the
Operating Reserves for the other discrete clock hours.
(B)
If the Office of the Interconnection directs a resource not covered
by Section 3.2.3(b)(ii)(A) hereof to operate in real-time during an Operating Day,
the associated balancing Operating Reserve credits, identified as RT Credits for
Deviations, shall be allocated according to real-time deviations from day-ahead
schedules.
(iii) PJM shall post on its Web site the aggregate amount of MWs committed
that meet the criteria referenced in subsections (b)(i) and (b)(ii) hereof.
(c)
The sum of the foregoing credits calculated in accordance with Section 3.2.3(b)
plus any unallocated charges from Section 3.2.3(h) and 5.1.7, and any shortfalls paid pursuant to
the Market Settlement provision of the Day-ahead Economic Load Response Program, shall be
the cost of Operating Reserves in the Day-ahead Energy Market.
(d)
The cost of Operating Reserves in the Day-ahead Energy Market shall be
allocated and charged to each Market Participant in proportion to the sum of its (i) scheduled
load (net of Behind The Meter Generation expected to be operating, but not to be less than zero),
accepted Decrement Bids in the Day-ahead Energy Market in megawatt-hours for that Operating
Day, and the scheduled megawatt-hours at the specified sink of an accepted Up-to Congestion
Transaction; and (ii) scheduled energy sales in the Day-ahead Energy Market from within the
PJM Region to load outside such region in megawatt-hours for that Operating Day, but not
including its bilateral transactions that are Dynamic Transfers to load outside such area pursuant
to Section 1.12, except to the extent PJM scheduled resources to provide Black Start service,
Reactive Services or transfer interface control. The cost of Operating Reserves in the Day-ahead
Energy Market for resources scheduled to provide Black Start service for the Operating Day
which resources would not have otherwise been committed in the day-ahead security constrained
dispatch shall be allocated by ratio share of the monthly transmission use of each Network
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Customer or Transmission Customer serving Zone Load or Non-Zone Load, as determined in
accordance with the formulas contained in Schedule 6A of the PJM Tariff. The cost of
Operating Reserves in the Day-ahead Energy Market for resources scheduled to provide Reactive
Services or transfer interface control because they are known or expected to be needed to
maintain system reliability in a Zone during the Operating Day and would not have otherwise
been committed in the day-ahead security constrained dispatch shall be allocated and charged to
each Market Participant in proportion to the sum of its real-time deliveries of energy to load (net
of operating Behind The Meter Generation) in such Zone, served under Network Transmission
Service, in megawatt-hours during that Operating Day, as compared to all such deliveries for all
Market Participants in such Zone.
(e)
At the end of each Operating Day, the following determination shall be made for
each synchronized pool-scheduled resource of each Market Seller that operates as requested by
the Office of the Interconnection. For each calendar day, pool-scheduled resources in the Realtime Energy Market shall be made whole for each of the following Segments: 1) the greater of
their day-ahead schedules and minimum run time specified at the time of commitment (minimum
down time specified at the time of commitment for Demand Resources); and 2) any block of
Real-time Settlement Intervals the resource operates at PJM’s direction in excess of the greater of
its day-ahead schedule and minimum run time specified at the time of commitment (minimum
down time specified at the time of commitment for Demand Resources). For each calendar day,
and for each synchronized start of a generation resource or PJM-dispatched economic load
reduction, there will be a maximum of two Segments for each resource. Segment 1 will be the
greater of the day-ahead schedule and minimum run time specified at the time of commitment
(minimum down time specified at the time of commitment for Demand Resources) and Segment
2 will include the remainder of the contiguous Real-time Settlement Intervals when the resource
is operating at the direction of the Office of the Interconnection, provided that a segment is
limited to the Operating Day in which it commenced and cannot include any part of the
following Operating Day.
A Generation Capacity Resource that operates outside of its unit-specific parameters will not
receive Operating Reserve Credits nor be made whole for such operation when not dispatched by
the Office of the Interconnection, unless the Market Seller of the Generation Capacity Resource
can justify to the Office of the Interconnection that operation outside of such unit-specific
parameters was the result of an actual constraint. Such Market Seller shall provide to the Market
Monitoring Unit and the Office of the Interconnection its request to receive Operating Reserve
Credits and/or to be made whole for such operation, along with documentation explaining in
detail the reasons for operating its resource outside of its unit-specific parameters, within thirty
calendar days following the issuance of billing statement for the Operating Day. The Market
Seller shall also respond to additional requests for information from the Market Monitoring Unit
and the Office of the Interconnection. The Market Monitoring Unit shall evaluate such request
for compensation and provide its determination of whether there was an exercise of market
power to the Office of the Interconnection by no later than twenty-five calendar days after
receiving the Market Seller’s request for compensation. The Office of the Interconnection shall
make its determination whether the Market Seller justified that it is entitled to receive Operating
Reserve Credits and/or be made whole for such operation of its resource for the day(s) in
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question, by no later than thirty calendar days after receiving the Market Seller’s request for
compensation.
Credits received pursuant to this section shall be equal to the positive difference between a
resource’s Total Operating Reserve Offer, and the total value of the resource’s energy for hours
in the Day-ahead Energy Market that correspond to five-minute intervals in which the resource
is operated in real-time pursuant to the Office of the Interconnection’s direction, plus any credit
or change for quantity deviations, at PJM dispatch direction (excluding quantity deviations
caused by an increase in the Market Seller’s Real-time Offer), from the Day-ahead Energy
Market during the Operating Day at the real-time LMP(s) applicable to the relevant generation
bus in the Real-time Energy Market. The foregoing notwithstanding, credits for segment 2 shall
exclude start up (shutdown costs for Demand Resources) costs for generation resources.
Except as provided in Section 3.2.3(m), if the total offered price exceeds the total value, the
difference less any credit as determined pursuant to Section 3.2.3(b), and less any amounts
credited for Synchronized Reserve in excess of the Synchronized Reserve offer plus the
resource’s opportunity cost, and less any amounts credited for Non-Synchronized Reserve in
excess of the Non-Synchronized Reserve offer plus the resource’s opportunity cost, and less any
amounts credited for providing Reactive Services as specified in Section 3.2.3B, and less any
amounts for Day-ahead Scheduling Reserve in excess of the Day-ahead Scheduling Reserve
offer plus the resource’s opportunity cost, shall be credited to the Market Seller.
Synchronized Reserve, Non-Synchronized Reserve, and Real-time Settlement Interval share of
the Day-ahead Scheduling Reserve credits applied against Operating Reserve credits pursuant to
this section shall be netted against the Operating Reserve credits earned in the corresponding
Real-time Settlement Interval(s) in which the Synchronized Reserve, Non-Synchronized Reserve,
and Day-ahead Scheduling Reserve credits accrued, provided that for condensing combustion
turbines, Synchronized Reserve credits will be netted against the total Operating Reserve credits
accrued during each Real-time Settlement Interval the unit operates in condensing and generation
mode.
(f)
A Market Seller of a unit not defined in subsection (f-1), (f-2), or (f-4) hereof (or
self-scheduled, if operating according to Section 1.10.3 (c) hereof), the output of which is
reduced or suspended at the request of the Office of the Interconnection due to a transmission
constraint or other reliability issue, and for which the , real-time LMP at the unit’s bus is higher
than the unit’s offer corresponding to the level of output requested by the Office of the
Interconnection (as indicated either by the desired MWs of output from the unit determined by
PJM’s unit dispatch system or as directed by the PJM dispatcher through a manual override),
shall be credited for each Real-time Settlement Interval in an amount equal to the product of (A)
the deviation of the generating unit’s output necessary to follow the Office of the
Interconnection’s signals and the generating unit’s expected output level if it had been
dispatched in economic merit order, times (B) the Locational Marginal Price at the generation
bus for the generating unit, minus (C) the Total Lost Opportunity Cost Offer, provided that the
resulting outcome is greater than $0.00. This equation is represented as (A*B) - C.
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(f-1) With the exception of Market Sellers of Flexible Resources that submit a Realtime Offer greater than their resource’s Committed Offer in the Day-ahead Energy Market, a
Market Seller of a Flexible Resource shall be compensated for lost opportunity cost, and shall be
limited to the lesser of the unit’s Economic Maximum or the unit’s Generation Resource
Maximum Output, if either of the following conditions occur:
(i)

if the unit output is reduced at the direction of the Office of the Interconnection
and the real time LMP at the unit’s bus is higher than the unit’s offer
corresponding to the level of output requested by the Office of the Interconnection
(as directed by the PJM dispatcher), then the Market Seller shall be credited in a
manner consistent with that described in section 3.2.3 (f).

(ii)

If the unit is scheduled to produce energy in the Day-ahead Energy Market for a
Day-ahead Settlement Interval, but the unit is not called on by the Office of the
Interconnection and does not operate in the corresponding Real-time Settlement
Interval(s), then the Market Seller shall be credited in an amount equal to the
higher of:
1) the product of (A) the amount of megawatts committed in the
Day-ahead Energy Market for the generating unit, and (B) the
Real-time Price at the generation bus for the generating unit,
minus the sum of (C) the Total Lost Opportunity Cost Offer
plus No-load Costs, plus (D) the Start-up Cost, divided by the
Real-time Settlement Intervals committed for each set of
contiguous hours for which the unit was scheduled in Dayahead Energy Market. This equation is represented as (A*B) (C+D). The startup cost, (D), shall be excluded from this
calculation if the unit operates in real time following the Office
of the Interconnection’s direction during any portion of the set
of contiguous hours for which the unit was scheduled in Dayahead Energy Market, or
2) the Real-time Price at the unit’s bus minus the Day-ahead Price
at the unit’s bus, multiplied by the number of megawatts
committed in the Day-ahead Energy Market for the generating
unit.

Market Sellers of Flexible Resources that submit a Real-time Offer greater than their resource’s
Committed Offer in the Day-ahead Energy Market shall not be eligible to receive compensation
for lost opportunity costs under any applicable provisions of Schedule 1 of this Agreement.
(f-2) A Market Seller of a hydroelectric resource that is pool-scheduled (or selfscheduled, if operating according to Section 1.10.3 (c) hereof), the output of which is altered at
the request of the Office of the Interconnection from the schedule submitted by the owner, due to
a transmission constraint or other reliability issue, shall be compensated for lost opportunity cost
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in the same manner as provided in sections 3.2.2(d) and 3.2.3A(f) and further detailed in the
PJM Manuals.
(f-3) If a Market Seller believes that, due to specific pre-existing binding commitments
to which it is a party, and that properly should be recognized for purposes of this section, the
above calculations do not accurately compensate the Market Seller for opportunity cost
associated with following PJM dispatch instructions and reducing or suspending a unit’s output
due to a transmission constraint or other reliability issue, then the Office of the Interconnection,
the Market Monitoring Unit and the individual Market Seller will discuss a mutually acceptable,
modified amount of opportunity cost compensation, taking into account the specific
circumstances binding on the Market Seller. Following such discussion, if the Office of the
Interconnection accepts a modified amount of opportunity cost compensation, the Office of the
Interconnection shall invoice the Market Seller accordingly. If the Market Monitoring Unit
disagrees with the modified amount of opportunity cost compensation, as accepted by the Office
of the Interconnection, it will exercise its powers to inform the Commission staff of its concerns.
(f-4) A Market Seller of a wind generating unit that is pool-scheduled or self-scheduled, has
SCADA capability to transmit and receive instructions from the Office of the Interconnection,
has provided data and established processes to follow PJM basepoints pursuant to the
requirements for wind generating units as further detailed in this Agreement, the Tariff and the
PJM Manuals, and which is operating as requested by the Office of the Interconnection, the
output of which is reduced or suspended at the request of the Office of the Interconnection due to
a transmission constraint or other reliability issue, and for which the , real-time LMP at the unit’s
bus is higher than the unit’s offer corresponding to the level of output requested by the Office of
the Interconnection (as indicated either by the desired MWs of output from the unit determined
by PJM’s unit dispatch system or as directed by the PJM dispatcher through a manual override),
shall be credited for each Real-time Settlement Interval in an amount equal to the product of (A)
the deviation of the generating unit’s output necessary to follow the Office of the
Interconnection’s signals and the generating unit’s expected output level if it had been
dispatched in economic merit order, times (B) the Real-time Price at the generation bus for the
generating unit, minus (C) the Total Lost Opportunity Cost Offer, provided that the resulting
outcome is greater than $0.00. This equation is represented as (A*B) - C.
(g)
The sum of the foregoing credits, plus any cancellation fees paid in accordance
with Section 1.10.2(d), such cancellation fees to be applied to the Operating Day for which the
unit was scheduled, plus any shortfalls paid pursuant to the Market Settlement provision of the
real-time Economic Load Response Program, less any payments received from another Control
Area for Operating Reserves shall be the cost of Operating Reserves for the Real-time Energy
Market in each Operating Day.
(h)
The cost of Operating Reserves for the Real-time Energy Market for each
Operating Day, except those associated with the scheduling of units for Black Start service or
testing of Black Start Units as provided in Schedule 6A of the PJM Tariff, shall be allocated and
charged to each Market Participant based on their daily total of hourly deviations determined in
accordance with the following equation:
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∑h (A + B + C)
Where:
h = the hours in the applicable Operating Day;
A = For each Real-Time Settlement Interval in an hour, the sum of the absolute value of
the withdrawal deviations (in MW) between the quantities scheduled in the Day-ahead
Energy Market and the Market Participant’s energy withdrawals (net of operating
Behind The Meter Generation) in the Real-Time Energy Market, except as noted in
subsection (h)(ii) below and in the PJM Manuals divided by the number of Real-Time
Settlement Intervals for that hour. The summation of each Real-Time Settlement
Interval’s withdrawal deviation in an hour will be the Market Participant’s total hourly
withdrawal deviations. Market Participant bilateral transactions that are Dynamic
Transfers to load outside the PJM Region pursuant to section 1.12 of this Schedule are
not included in the determination of withdrawal deviations;
B = For each Real-Time Settlement Interval in an hour, the sum of the absolute value of
generation deviations (in MW and not including deviations in Behind The Meter
Generation) as determined in subsection (o) divided by the number of Real-Time
Settlement Intervals for that hour;
C = For each Real-Time Settlement Interval in an hour, the sum of the absolute value of
the injection deviations (in MW) between the quantities scheduled in the Day-ahead
Energy Market and the Market Participant’s energy injections in the Real-Time Energy
Market divided by the number of Real-time Settlement Intervals for that hour. The
summation of the injection deviations for each Real-Time Settlement Interval in an hour
will be the Market Participant’s total hourly injection deviations. The determination of
injection deviations does not include generation resources.
The Revenue Data for Settlements determined for each Real-time Settlement Interval in
accordance with section 3.1A of this Schedule shall be used in determining the real-time
withdrawal deviations, generation deviations and injection deviations used to calculate
Operating Reserve under this subsection (e).
The costs associated with scheduling of units for Black Start service or testing of Black Start
Units shall be allocated by ratio share of the monthly transmission use of each Network Customer
or Transmission Customer serving Zone Load or Non-Zone Load, as determined in accordance with
the formulas contained in Schedule 6A of the PJM Tariff.
Notwithstanding section (h)(1) above, as more fully set forth in the PJM Manuals, load
deviations from the Day-ahead Energy Market shall not be assessed Operating Reserves charges
to the extent attributable to reductions in the load of Price Responsive Demand that is in response
to an increase in Locational Marginal Price from the Day-ahead Energy Market to the Real-time
Energy Market and that is in accordance with a properly submitted PRD Curve.
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Deviations that occur within a single Zone shall be associated with the Eastern or Western
Region, as defined in Section 3.2.3(q) of this Schedule, and shall be subject to the regional
balancing Operating Reserve rate determined in accordance with Section 3.2.3(q). Deviations at
a hub shall be associated with the Eastern or Western Region if all the buses that define the hub
are located in the region. Deviations at an Interface Pricing Point shall be associated with
whichever region, the Eastern or Western Region, with which the majority of the buses that
define that Interface Pricing Point are most closely electrically associated. If deviations at
interfaces and hubs are associated with the Eastern or Western region, they shall be subject to the
regional balancing Operating Reserve rate. Demand and supply deviations shall be based on
total activity in a Zone, including all aggregates and hubs defined by buses that are wholly
contained within the same Zone.
The foregoing notwithstanding, netting deviations shall be allowed for each Real-time Settlement
Interval in accordance with the following provisions:
(i)
Generation resources with multiple units located at a single bus shall be
able to offset deviations in accordance with the PJM Manuals to determine the net
deviation MW at the relevant bus.
(ii)
Demand deviations will be assessed by comparing all day-ahead demand
transactions at a single transmission zone, hub, or interface against the real-time demand
transactions at that same transmission zone, hub, or interface; except that the positive
values of demand deviations, as set forth in the PJM Manuals, will not be assessed
Operating Reserve charges in the event of a Primary Reserve or Synchronized Reserve
shortage in real-time or where PJM initiates the request for emergency load reductions in
real-time in order to avoid a Primary Reserve or Synchronized Reserve shortage. The
scheduled megawatt-hour withdrawal at the specified sink for an accepted Decrement
Bid or Up-to Congestion Transaction are included in the determination of demand
deviations. Bilateral transactions inside the PJM Region, as defined in section 1.7.10 of
this Schedule, will not be included in the determination of demand deviations.
(iii) Supply deviations will be assessed by comparing all day-ahead
transactions at a single transmission zone, hub, or interface against the real-time
transactions at that same transmission zone, hub, or interface. The scheduled megawatthour injection at the specified source for an accepted Increment Offer or Up-to
Congestion Transaction are included in the determination of supply deviations. Bilateral
transactions inside the PJM Region, as defined in section 1.7.10 of this Schedule, will not
be included in the determination of supply deviations.
(i)
At the end of each Operating Day, Market Sellers shall be credited on the basis of
their offered prices for synchronous condensing for purposes other than providing Synchronized
Reserve or Reactive Services, as well as the credits calculated as specified in Section 3.2.3(b) for
those generators committed solely for the purpose of providing synchronous condensing for
purposes other than providing Synchronized Reserve or Reactive Services, at the request of the
Office of the Interconnection.
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(j)
The sum of the foregoing credits as specified in Section 3.2.3(i) shall be the cost
of Operating Reserves for synchronous condensing for the PJM Region for purposes other than
providing Synchronized Reserve or Reactive Services, or in association with post-contingency
operation for the Operating Day and shall be separately determined for the PJM Region.
(k)
The cost of Operating Reserves for synchronous condensing for purposes other
than providing Synchronized Reserve or Reactive Services, or in association with postcontingency operation for each Operating Day shall be allocated and charged to each Market
Participant in proportion to the sum of its (i) deliveries of energy to load (net of operating Behind
The Meter Generation, but not to be less than zero) in the PJM Region, served under Network
Transmission Service, in megawatt-hours during that Operating Day; and (ii) deliveries of
energy sales from within the PJM Region to load outside such region in megawatt-hours during
that Operating Day, but not including its bilateral transactions that are Dynamic Transfers to load
outside the PJM Region pursuant to Section 1.12, as compared to the sum of all such deliveries
for all Market Participants.
(l)
For any Operating Day in either, as applicable, the Day-ahead Energy Market or
the Real-time Energy Market for which, for all or any part of such Operating Day, the Office of
the Interconnection: (i) declares a Maximum Generation Emergency; (ii) issues an alert that a
Maximum Generation Emergency may be declared (“Maximum Generation Emergency Alert”);
or (iii) schedules units based on the anticipation of a Maximum Generation Emergency or a
Maximum Generation Emergency Alert, the Operating Reserves credit otherwise provided by
Section 3.2.3.(b) or Section 3.2.3(e) in connection with market-based offers shall be limited as
provided in subsections (n) or (m), respectively. The Office of the Interconnection shall provide
timely notice on its internet site of the commencement and termination of any of the actions
described in subsection (i), (ii), or (iii) of this subsection (l) (collectively referred to as “MaxGen
Conditions”). Following the posting of notice of the commencement of a MaxGen Condition, a
Market Seller may elect to submit a cost-based offer in accordance with Schedule 2 of the
Operating Agreement, in which case subsections (m) and (n) shall not apply to such offer;
provided, however, that such offer must be submitted in accordance with the deadlines in Section
1.10 for the submission of offers in the Day-ahead Energy Market or Real-time Energy Market,
as applicable. Submission of a cost-based offer under such conditions shall not be precluded by
Section 1.9.7(b); provided, however, that the Market Seller must return to compliance with
Section 1.9.7(b) when it submits its bid for the first Operating Day after termination of the
MaxGen Condition.
(m)
For the Real-time Energy Market, if the Effective Offer Price (as defined below)
for a market-based offer is greater than $1,000/MWh and greater than the Market Seller’s lowest
available and applicable cost-based offer, the Market Seller shall not receive any credit for
Operating Reserves. For purposes of this subsection (m), the Effective Offer Price shall be the
amount that, absent subsections (l) and (m), would have been credited for Operating Reserves for
such Operating Day pursuant to Section 3.2.3(e) plus the Real-time Energy Market revenues for
the Real-time Settlement Intervals that the offer is economic divided by the megawatt hours of
energy provided during the Real-time Settlement Intervals that the offer is economic. The Realtime Settlement Intervals that the offer is economic shall be: (i) the Real-time Settlement
Intervals that the offer price for energy is less than or equal to the Real-time Price for the
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relevant generation bus, (ii) the Real-time Settlement Intervals in which the offer for energy is
greater than Locational Marginal Price and the unit is operated at the direction of the Office of
the Interconnection that are in addition to any Real-time Settlement Intervals required due to the
minimum run time or other operating constraint of the unit, and (iii) for any unit with a minimum
run time of one hour or less and with more than one start available per day, any hours the unit
operated at the direction of the Office of the Interconnection.
(n)
For the Day-ahead Energy Market, if notice of a MaxGen Condition is provided
prior to 10:30 a.m. on the day before the Operating Day for which transactions are being
scheduled and the Effective Offer Price for a market-based offer is greater than $1,000/MWh and
greater than the Market Seller’s lowest available and applicable cost-based offer, the Market
Seller shall not receive any credit for Operating Reserves. If notice of a MaxGen Condition is
provided after 10:30 a.m. on the day before the Operating Day for which transactions are being
scheduled and the Effective Offer Price is greater than $1,000/MWh, the Market Seller shall
receive credit for Operating Reserves determined in accordance with Section 3.2.3(b), subject to
the limit on total compensation stated below. If the Effective Offer Price is less than or equal to
$1,000/MWh, regardless of when notice of a MaxGen Condition is provided, the Market Seller
shall receive credit for Operating Reserves determined in accordance with Section 3.2.3(b),
subject to the limit on total compensation stated below. For purposes of this subsection (n), the
Effective Offer Price shall be the amount that, absent subsections (l) and (n), would have been
credited for Operating Reserves for such Operating Day divided by the megawatt hours of
energy offered during the Specified Hours, plus the offer for energy during such hours. The
Specified Hours shall be the lesser of: (1) the minimum run hours stated by the Market Seller in
its Offer Data; and (2) either (i) for steam-electric generating units and for combined-cycle units
when such units are operating in combined-cycle mode, the six consecutive hours of highest
Day-ahead Price during such Operating Day when such units are running or (ii) for combustion
turbine units and for combined-cycle units when such units are operating in combustion turbine
mode, the two consecutive hours of highest Day-ahead Price during such Operating Day when
such units are running. Notwithstanding any other provision in this subsection, the total
compensation to a Market Seller on any Operating Day that includes a MaxGen Condition shall
not exceed $1,000/MWh during the Specified Hours, where such total compensation in each
such hour is defined as the amount that, absent subsections (l) and (n), would have been credited
for Operating Reserves for such Operating Day pursuant to Section 3.2.3(b) divided by the
Specified Hours, plus the Day-ahead Price for such hour, and no Operating Reserves payments
shall be made for any other hour of such Operating Day. If a unit operates in real time at the
direction of the Office of the Interconnection consistently with its day-ahead clearing, then
subsection (m) does not apply.
(o)
Dispatchable pool-scheduled generation resources and dispatchable selfscheduled generation resources that follow dispatch shall not be assessed balancing Operating
Reserve deviations. Pool-scheduled generation resources and dispatchable self-scheduled
generation resources that do not follow dispatch shall be assessed balancing Operating Reserve
deviations in accordance with the calculations described below and in the PJM Manuals.
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The Office of the Interconnection shall calculate a ramp-limited desired MW value for
generation resources where the economic minimum and economic maximum are at least as far
apart in real-time as they are in day-ahead according to the following parameters:
(i)
real-time economic minimum <= 105% of day-ahead economic minimum
or day-ahead economic minimum plus 5 MW, whichever is greater.
(ii)
real-time economic maximum >= 95% day-ahead economic maximum or
day-ahead economic maximum minus 5 MW, whichever is lower.
The ramp-limited desired MW value for a generation resource shall be equal to:
Ramp_Request =
t

(UDStarget
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t -1
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where:
1.
2.
3.
4.
5.

UDStarget = UDS basepoint for the previous UDS case
AOutput = Unit’s output at case solution time
UDSLAtime = UDS look ahead time
Case_Eff_time = Time between base point changes
RL_Desired = Ramp-limited desired MW

To determine if a generation resource is following dispatch the Office of the Interconnection
shall determine the unit’s MW off dispatch and % off dispatch by using the lesser of the
difference between the actual output and the UDS Basepoint or the actual output and ramplimited desired MW value for each Real-time Settlement Interval. If the UDS Basepoint and the
ramp-limited desired MW for the resource are unavailable, the Office of the Interconnection will
determine the unit’s MW off dispatch and % off dispatch by calculating the lesser of the
difference between the actual output and the UDS LMP Desired MW for each Real-time
Settlement Interval.
A pool-scheduled or dispatchable self-scheduled resource is considered to be following dispatch
if its actual output is between its ramp-limited desired MW value and UDS Basepoint, or if its %
off dispatch is <= 10, or its Real-time Settlement Interval MWh is within 5% of the Real-time
Settlement Interval ramp-limited desired MW. A self-scheduled generator must also be
dispatched above economic minimum. The degree of deviations for resources that are not
following dispatch shall be determined for each Real-time Settlement Interval in accordance with
the following provisions:
•

A dispatchable self-scheduled resource that is not dispatched above economic
minimum shall be assessed balancing Operating Reserve deviations according to the
following formula: Real-time Settlement Interval MWh – Day-Ahead MWh.
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•

A resource that is dispatchable day-ahead but is Fixed Gen in real-time shall be
assessed balancing Operating Reserve deviations according to the following formula:
Real-time Settlement Interval MWh – UDS LMP Desired MW.

•

Pool-scheduled generators that are not following dispatch shall be assessed balancing
Operating Reserve deviations according to the following formula: Real-time
Settlement Interval MWh –Ramp-Limited Desired MW.

•

If a resource’s real-time economic minimum is greater than its day-ahead economic
minimum by 5% or 5 MW, whichever is greater, or its real-time economic maximum
is less than its Day Ahead economic maximum by 5% or 5 MW, whichever is lower,
and UDS LMP Desired MWh for the Real-time Settlement Interval is either below
the real time economic minimum or above the real time economic maximum, then
balancing Operating Reserve deviations for the resource shall be assessed according
to the following formula: Real time Settlement Interval MWh – UDS LMP Desired
MWh.

•

If a resource is not following dispatch and its % Off Dispatch is <= 20%, balancing
Operating Reserve deviations shall be assessed according to the following formula:
Real-time Settlement Interval MWh – Ramp-Limited Desired MW. If deviation value
is within 5% of Ramp-Limited Desired MW, balancing Operating Reserve deviations
shall not be assessed.

•

If a resource is not following dispatch and its % off Dispatch is > 20%, balancing
Operating Reserve deviations shall be assessed according to the following formula:
Real time Settlement Interval MWh – UDS LMP Desired MWh.

•

If a resource is not following dispatch, and the resource has tripped, for the Real-time
Settlement Interval the resource tripped and the Real-time Settlement Intervals it
remains offline throughout its day-ahead schedule balancing Operating Reserve
deviations shall be assessed according to the following formula: Real time Settlement
Interval MWh – Day-Ahead MWh.

•

For resources that are not dispatchable in both the Day-Ahead and Real-time Energy
Markets balancing Operating Reserve deviations shall be assessed according to the
following formula: Real-time Settlement Interval MWh - Day-Ahead MWh.

If a resource has a sum of the absolute value of generator deviations for an hour that is less than
5 MWh, then the resource shall not be assessed balancing Operating Reserve deviations for that
hour.
(o-1) Dispatchable economic load reduction resources that follow dispatch shall not be
assessed balancing Operating Reserve deviations. Economic load reduction resources that do not
follow dispatch shall be assessed balancing Operating Reserve deviations as described in this
subsection and as further specified in the PJM Manuals.
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The Desired MW quantity for such resources for each hour shall be the hourly integrated MW
quantity to which the load reduction resource was dispatched for each hour (where the hourly
integrated value is the average of the dispatched values as determined by the Office of the
Interconnection for the resource for each hour).
If the actual reduction quantity for the load reduction resource for a given hour deviates by no
more than 20% above or below the Desired MW quantity, then no balancing Operating Reserve
deviation will accrue for that hour. If the actual reduction quantity for the load reduction
resource for a given hour is outside the 20% bandwidth, the balancing Operating Reserve
deviations will accrue for that hour in the amount of the absolute value of (Desired MW – actual
reduction quantity). For those hours where the actual reduction quantity is within the 20%
bandwidth specified above, the load reduction resource will be eligible to be made whole for the
total value of its offer as defined in section 3.3A of this Appendix. Hours for which the actual
reduction quantity is outside the 20% bandwidth will not be eligible for the make-whole
payment. If at least one hour is not eligible for make-whole payment based on the 20% criteria,
then the resource will also not be made whole for its shutdown cost.
(p)
The Office of the Interconnection shall allocate the charges assessed pursuant to
Section 3.2.3(h) of Schedule 1 of this Agreement except those associated with the scheduling of
units for Black Start service or testing of Black Start Units as provided in Schedule 6A of the
PJM Tariff, to real-time deviations from day-ahead schedules or real-time load share plus exports
depending on whether the underlying balancing Operating Reserve credits are related to
resources scheduled during the reliability analysis for an Operating Day, or during the actual
Operating Day.
(i)
For resources scheduled by the Office of the Interconnection during the
reliability analysis for an Operating Day, the associated balancing Operating Reserve
charges shall be allocated based on the reason the resource was scheduled according to
the following provisions:
(A)
If the Office of the Interconnection determines during the
reliability analysis for an Operating Day that a resource was 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, the associated balancing Operating Reserve charges shall be
allocated to real-time deviations from day-ahead schedules.
(B)
If the Office of the Interconnection determines during the
reliability analysis for an Operating Day that a resource was committed to
maintain system reliability, the associated balancing Operating Reserve charges
shall be allocated according to ratio share of real time load plus export
transactions.
(C)
If the Office of the Interconnection determines during the
reliability analysis for an Operating Day that a resource with a day-ahead
schedule is required to deviate from that schedule to provide balancing Operating
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Reserves, the associated balancing Operating Reserve charges shall be allocated
pursuant to (A) or (B) above.
(ii)
For resources scheduled during an Operating Day, the associated
balancing Operating Reserve charges shall be allocated according to the following
provisions:
(A)
If the Office of the Interconnection directs a resource to operate
during an Operating Day to provide balancing Operating Reserves, the associated
balancing Operating Reserve charges shall be allocated according to ratio share of
load plus exports. The foregoing notwithstanding, charges will be assessed
pursuant to this section only if the LMP at the resource’s bus does not meet or
exceed the applicable offer of the resource for at least four-5-minute intervals
during one or more discrete clock hours during each period the resource operated
and produced MWs during the relevant Operating Day. If a resource operated
and produced MWs for less than four 5-minute intervals during one or more
discrete clock hours during the relevant Operating Day, the charges for that
resource during the hour it was operated less than four 5-minute intervals will be
identified as being in the same category as identified for the Operating Reserves
for the other discrete clock hours.
(B)
If the Office of the Interconnection directs a resource not covered
by Section 3.2.3(h)(ii)(A) of Schedule 1 of this Agreement to operate in real-time
during an Operating Day, the associated balancing Operating Reserve charges
shall be allocated according to real-time deviations from day-ahead schedules.
(q)
The Office of the Interconnection shall determine regional balancing Operating
Reserve rates for the Western and Eastern Regions of the PJM Region. For the purposes of this
section, the Western Region shall be the AEP, APS, ComEd, Duquesne, Dayton, ATSI, DEOK,
EKPC transmission Zones, and the Eastern Region shall be the AEC, BGE, Dominion,
PENELEC, PEPCO, ME, PPL, JCPL, PECO, DPL, PSEG, RE transmission Zones. The regional
balancing Operating Reserve rates shall be determined in accordance with the following
provisions:
(i)
The Office of the Interconnection shall calculate regional adder rates for
the Eastern and Western Regions. Regional adder rates shall be equal to the total
balancing Operating Reserve credits paid to generators for transmission constraints that
occur on transmission system capacity equal to or less than 345kv. The regional adder
rates shall be separated into reliability and deviation charges, which shall be allocated to
real-time load or real-time deviations, respectively. Whether the underlying credits are
designated as reliability or deviation charges shall be determined in accordance with
Section 3.2.3(p).
(ii)
The Office of the Interconnection shall calculate RTO balancing
Operating Reserve rates. RTO balancing Operating Reserve rates shall be equal to
balancing Operating Reserve credits except those associated with the scheduling of units
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for Black Start service or testing of Black Start Units as provided in Schedule 6A of the
PJM Tariff, in excess of the regional adder rates calculated pursuant to Section 3.2.3(q)(i)
of Schedule 1 of this Agreement. The RTO balancing Operating Reserve rates shall be
separated into reliability and deviation charges, which shall be allocated to real-time load
or real-time deviations, respectively. Whether the underlying credits are allocated as
reliability or deviation charges shall be determined in accordance with Section 3.2.3(p).
(iii) Reliability and deviation regional balancing Operating Reserve rates shall
be determined by summing the relevant RTO balancing Operating Reserve rates and
regional adder rates.
(iv)
If the Eastern and/or Western Regions do not have regional adder rates,
the relevant regional balancing Operating Reserve rate shall be the reliability and/or
deviation RTO balancing Operating Reserve rate.
(r)
Market Sellers that incur incremental operating costs for a generation resource
that are either greater than $1,000/MWh as determined in accordance with the Market Seller’s
PJM-approved Fuel Cost Policy, Schedule 2 of the Operating Agreement and PJM Manual 15,
but are not verified at the time of dispatch of the resource under section 6.4.3 of this Schedule, or
greater than $2,000/MWh as determined in accordance with the Market Seller’s PJM-approved
Fuel Cost Policy, Schedule 2 of the Operating Agreement, and PJM Manual 15, will be eligible
to receive credit for Operating Reserves upon review of the Market Monitoring Unit and the
Office of the Interconnection, and approval of the Office of the Interconnection. Market Sellers
must submit to the Office of the Interconnection and the Market Monitoring Unit all relevant
documentation demonstrating the calculation of costs greater than $2,000/MWh, and costs
greater than $1,000/MWh which were not verified at the time of dispatch of the resource under
section 6.4.3 of this Schedule. The Office of the Interconnection must approve any Operating
Reserve credits paid to a Market Seller under this subsection (r).

3.2.3A Synchronized Reserve.
(a)
Each Market Participant that is a Load Serving Entity that is not part of an
agreement to share reserves with external entities subject to the requirements in BAL-002 shall have
an obligation for hourly Synchronized Reserve equal to its pro rata share of Synchronized
Reserve requirements for the hour for each Reserve Zone and Reserve Sub-zone of the PJM
Region, based on the Market Participant’s total load (net of operating Behind The Meter
Generation, but not to be less than zero) in such Reserve Zone or Reserve Sub-zone for the hour
(“Synchronized Reserve Obligation”), less any amount obtained from condensers associated with
provision of Reactive Services as described in section 3.2.3B(i) and any amount obtained from
condensers associated with post-contingency operations, as described in section 3.2.3C(b).
Those entities that participate in an agreement to share reserves with external entities subject to the
requirements in BAL-002 shall have their reserve obligations determined based on the stipulations in
such agreement. A Market Participant with an hourly Synchronized Reserve Obligation shall be
charged the pro rata share of the sum of the quantity of Synchronized Reserves provided in each
Real-time Settlement Interval times the clearing price for all Real-time Settlement Intervals in
the hour associated with that obligation.
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(b)
A resource supplying Synchronized Reserve at the direction of the Office of the
Interconnection, in excess of its hourly Synchronized Reserve Obligation, shall be credited as
follows:
i)
Credits for Synchronized Reserve provided by generation resources that
are then subject to the energy dispatch signals and instructions of the Office of the
Interconnection and that increase their current output or Demand Resources that reduce
their load in response to a Synchronized Reserve Event (“Tier 1 Synchronized Reserve”)
shall be at the Synchronized Energy Premium Price, as described in 3.2.3A (c), with the
exception of those Real-time Settlement Intervals in which the Non-Synchronized
Reserve Market Clearing Price for the applicable Reserve Zone or Reserve Sub-zone is
not equal to zero. During such hours, Tier 1 Synchronized Reserve resources shall be
compensated at the Synchronized Reserve Market Clearing Price for the applicable
Reserve Zone or Reserve Sub-zone for the lesser of the amount of Tier 1 Synchronized
Reserve attributed to the resource as calculated by the Office of the Interconnection, or
the actual amount of Tier 1 Synchronized Reserve provided should a Synchronized
Reserve Event occur in a Real-time Settlement Interval.
ii)
Credits for Synchronized Reserve provided by generation resources that
are synchronized to the grid but, at the direction of the Office of the Interconnection, are
operating at a point that deviates from the Office of the Interconnection energy dispatch
signals and instructions (“Tier 2 Synchronized Reserve”) shall be the higher of (i) the
Synchronized Reserve Market Clearing Price or (ii) the sum of (A) the Synchronized
Reserve offer, and (B) the specific opportunity cost of the generation resource supplying
the increment of Synchronized Reserve, as determined by the Office of the
Interconnection to a Synchronized Reserve Event in a Real-time Settlement Interval in
accordance with procedures specified in the PJM Manuals.
iii)
Credits for Synchronized Reserve provided by Demand Resources that are
synchronized to the grid and accept the obligation to reduce load in response to a
Synchronized Reserve Event in a Real-time Settlement Interval initiated by the Office of
the Interconnection shall be the sum of (i) the higher of (A) the Synchronized Reserve
offer or (B) the Synchronized Reserve Market Clearing Price and (ii) if a Synchronized
Reserve Event is actually initiated by the Office of the Interconnection and the Demand
Resource reduced its load in response to the event, the fixed costs associated with
achieving the load reduction, as specified in the PJM Manuals.
(c)
The Synchronized Reserve Energy Premium Price is an adder in an amount to be
determined periodically by the Office of the Interconnection not less than fifty dollars and not to
exceed one hundred dollars per megawatt hour.
(d)
The Synchronized Reserve Market Clearing Price shall be determined for each
Reserve Zone and Reserve Sub-zone by the Office of the Interconnection for each Real-time
Settlement Interval of the Operating Day. The hourly Synchronized Reserve Market Clearing
Price shall be calculated as the 5-minute clearing price. Each 5-minute clearing price shall be
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calculated as the marginal cost of serving the next increment of demand for Synchronized
Reserve in each Reserve Zone or Reserve Sub-zone, inclusive of Synchronized Reserve offer
prices and opportunity costs. When the Synchronized Reserve Requirement or Extended
Synchronized Reserve Requirement in a Reserve Zone or Reserve Sub-zone cannot be met, the
5-minute clearing price shall be at least greater than or equal to the applicable Reserve Penalty
Factor for the Reserve Zone or Reserve Sub-zone, but less than or equal to the sum of the
Reserve Penalty Factors for the Synchronized Reserve Requirement and Primary Reserve
Requirement for the Reserve Zone or Reserve Sub-zone. If the Office of the Interconnection
has initiated in a Reserve Zone or Reserve Sub-zone either a Voltage Reduction Action as
described in the PJM Manuals or a Manual Load Dump Action as described in the PJM Manuals,
the 5-minute clearing price shall be the sum of the Reserve Penalty Factors for the Primary
Reserve Requirement and the Synchronized Reserve Requirement for that Reserve Zone or
Reserve Sub-zone.
The Reserve Penalty Factor for the Synchronized Reserve Requirement shall be $850/MWh.
The Reserve Penalty Factor for the Extended Synchronized Reserve Requirement shall be
$300/MWh.
By no later than April 30 of each year, the Office of the Interconnection will analyze Market
Participants’ response to prices exceeding $1,000/MWh on an annual basis and will provide its
analysis to PJM stakeholders. The Office of the Interconnection will also review this analysis to
determine whether any changes to the Synchronized Reserve Penalty Factors are warranted for
subsequent Delivery Year(s).
(e)
For each Real-time Settlement Interval and for determining the 5-minute
Synchronized Reserve clearing price, the estimated unit-specific opportunity cost for a
generation resource will be determined in accordance with the following equation:
(A x B) + (C x D)
Where
A = The Locational Marginal Price at the generation bus for the generation resource;
B = The megawatts of energy used to provide Synchronized Reserve submitted as part
of the Synchronized Reserve offer;
C = The deviation of the set point of the generation resource that is expected to be
required in order to provide Synchronized Reserve from the generation resource’s
expected output level if it had been dispatched in economic merit order; and
D = The difference between the Locational Marginal Price at the generation bus for the
generation resource and the offer price for energy from the generation resource (at the
megawatt level of the Synchronized Reserve set point for the resource) in the PJM
Interchange Energy Market when the Locational Marginal Price at the generation bus is
greater than the offer price for energy from the generation resource.
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The opportunity costs for a Demand Resource shall be zero.
(f)
In determining the credit under subsection (b) to a resource selected to provide
Tier 2 Synchronized Reserve and that actively follows the Office of the Interconnection’s signals
and instructions, the unit-specific opportunity cost of a generation resource shall be determined
for each Real-time Settlement Interval that the Office of the Interconnection requires a generation
resource to provide Tier 2 Synchronized Reserve and shall be in accordance with the following
equation:
(A x B) + (C x D)
Where:
A = The megawatts of energy used by the resource to provide Synchronized Reserve as
submitted as part of the generation resource’s Synchronized Reserve offer;
B = The Locational Marginal Price at the generation bus of the generation resource;
C = The deviation of the generation resource’s output necessary to follow the Office of
the Interconnection’s signals and instructions from the generation resource’s expected output
level if it had been dispatched in economic merit order; and
D = The difference between the Locational Marginal Price at the generation bus for the
generation resource and the offer price for energy from the generation resource (at the megawatt
level of the Synchronized Reserve set point for the generation resource) in the PJM Interchange
Energy Market when the Locational Marginal Price at the generation bus is greater than the offer
price for energy from the generation resource.
The opportunity costs for a Demand Resource shall be zero.
(g)
Charges for Tier 1 Synchronized Reserve will be allocated in proportion to the
amount of Tier 1 Synchronized Reserve applied to each Synchronized Reserve Obligation. In
the event Tier 1 Synchronized Reserve is provided by a Market Participant in excess of that
Market Participant’s Synchronized Reserve Obligation, the Tier 1 Synchronized Reserve that is
not utilized to fulfill the Market Participant’s obligation will be allocated proportionately among
all other Synchronized Reserve Obligations.
(h)
Any amounts credited for Tier 2 Synchronized Reserve in a Real-time Settlement
Interval in excess of the Synchronized Reserve Market Clearing Price in that Real-time
Settlement Interval shall be allocated and charged to each Market Participant that does not meet
its hourly Synchronized Reserve Obligation in proportion to its purchases of Synchronized
Reserve in megawatt-hours during that hour.
(i)
In the event the Office of the Interconnection needs to assign more Tier 2
Synchronized Reserve during a Real-time Settlement Interval than was estimated as needed at the
time the Synchronized Reserve Market Clearing Price was calculated for that Real-time
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Settlement Interval due to a reduction in available Tier 1 Synchronized Reserve, the costs of the
excess Tier 2 Synchronized Reserve shall be allocated and charged to those providers of Tier 1
Synchronized Reserve whose available Tier 1 Synchronized Reserve was reduced from the
needed amount estimated during the Synchronized Reserve Market Clearing Price calculation, in
proportion to the amount of the reduction in Tier 1 Synchronized Reserve availability.
(j)
In the event a generation resource or Demand Resource that either has been
assigned by the Office of the Interconnection or self-scheduled to provide Tier 2 Synchronized
Reserve fails to provide the assigned or self-scheduled amount of Tier 2 Synchronized Reserve
in response to a Synchronized Reserve Event, the resource will be credited for Tier 2
Synchronized Reserve capacity in the amount that actually responded for all Real-time
Settlement Intervals the resource was assigned or self-scheduled Tier 2 Synchronized Reserve on
the Operating Day during which the event occurred. The determination of the amount of
Synchronized Reserve credited to a resource shall be on an individual resource basis, not on an
aggregate basis.
The resource shall refund payments received for Tier 2 Synchronized Reserve it failed to
provide. For purposes of determining the amount of the payments to be refunded by a Market
Participant, the Office of the Interconnection shall calculate the shortfall of Tier 2 Synchronized
Reserve on an individual resource basis unless the Market Participant had multiple resources that
were assigned or self-scheduled to provide Tier 2 Synchronized Reserve, in which case the
shortfall will be determined on an aggregate basis. For performance determined on an aggregate
basis, the response of any resource that provided more Tier 2 Synchronized Reserve than it was
assigned or self-scheduled to provide will be used to offset the performance of other resources
that provided less Tier 2 Synchronized Reserve than they were assigned or self-scheduled to
provide during a Synchronized Reserve Event, as calculated in the PJM Manuals. The
determination of a Market Participant’s aggregate response shall not be taken into consideration
in the determination of the amount of Tier 2 Synchronized Reserve credited to each individual
resource.
The amount refunded shall be determined by multiplying the Synchronized Reserve Market
Clearing Price by the amount of the shortfall of Tier 2 Synchronized Reserve, measured in
megawatts, for all intervals the resource was assigned or self-scheduled to provide Tier 2
Synchronized Reserve for a period of time immediately preceding the Synchronized Reserve
Event equal to the lesser of the average number of days between Synchronized Reserve Events,
or the number of days since the resource last failed to provide the amount of Tier 2 Synchronized
Reserve it was assigned or self-scheduled to provide in response to a Synchronized Reserve
Event. The average number of days between Synchronized Reserve Events for purposes of this
calculation shall be determined by an annual review of the twenty-four month period ending
October 31 of the calendar year in which the review is performed, and shall be rounded down to
a whole day value. The Office of the Interconnection shall report the results of its annual review
to stakeholders by no later than December 31, and the average number of days between
Synchronized Reserve Events shall be effective as of the following January 1. The refunded
charges shall be allocated as credits to Market Participants based on its pro rata share of the
Synchronized Reserve Obligation megawatts less any Tier 1 Synchronized Reserve applied to its
Synchronized Reserve Obligation in the hour(s) of the Synchronized Reserve Event for the
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Reserve Sub-zone or Reserve Zone, except that Market Participants that incur a refund obligation
and also have an applicable Synchronized Reserve Obligation during the hour(s) of the
Synchronized Reserve Event shall not be included in the allocation of such refund credits. If the
event spans multiple hours, the refund credits will be prorated hourly based on the duration of
the event within each clock hour.
(k)
The magnitude of response to a Synchronized Reserve Event by a generation
resource or a Demand Resource, except for Batch Load Demand Resources covered by section
3.2.3A(l), is the difference between the generation resource’s output or the Demand Resource’s
consumption at the start of the event and its output or consumption 10 minutes after the start of
the event. In order to allow for small fluctuations and possible telemetry delays, generation
resource output or Demand Resource consumption at the start of the event is defined as the
lowest telemetered generator resource output or greatest Demand Resource consumption
between one minute prior to and one minute following the start of the event. Similarly, a
generation resource's output or a Demand Resource's consumption 10 minutes after the event is
defined as the greatest generator resource output or lowest Demand Resource consumption
achieved between 9 and 11 minutes after the start of the event. The response actually credited to
a generation resource will be reduced by the amount the megawatt output of the generation
resource falls below the level achieved after 10 minutes by either the end of the event or after 30
minutes from the start of the event, whichever is shorter. The response actually credited to a
Demand Resource will be reduced by the amount the megawatt consumption of the Demand
Resource exceeds the level achieved after 10 minutes by either the end of the event or after 30
minutes from the start of the event, whichever is shorter.
(l)
The magnitude of response by a Batch Load Demand Resource that is at the stage
in its production cycle when its energy consumption is less than the level of megawatts in its
offer at the start of a Synchronized Reserve Event shall be the difference between (i) the Batch
Load Demand Resource’s consumption at the end of the Synchronized Reserve Event and (ii) the
Batch Load Demand Resource’s consumption during the minute within the ten minutes after the
end of the Synchronized Reserve Event in which the Batch Load Demand Resource’s
consumption was highest and for which its consumption in all subsequent minutes within the ten
minutes was not less than fifty percent of the consumption in such minute; provided that, the
magnitude of the response shall be zero if, when the Synchronized Reserve Event commences,
the scheduled off-cycle stage of the production cycle is greater than ten minutes. .
3.2.3A.001 Non-Synchronized Reserve.
(a)
Each Market Participant that is a Load Serving Entity that is not part of an
agreement to share reserves with external entities subject to the requirements in BAL-002 shall have
an obligation for hourly Non-Synchronized Reserve equal to its pro rata share of NonSynchronized Reserve assigned for the hour for each Reserve Zone and Reserve Sub-zone of the
PJM Region, based on the Market Participant’s total load (net of operating Behind The Meter
Generation, but not to be less than zero) in such Reserve Zone and Reserve Sub-zone for the
hour (“Non-Synchronized Reserve Obligation”). Those entities that participate in an agreement to
share reserves with external entities subject to the requirements in BAL-002 shall have their reserve
obligations determined based on the stipulations in such agreement. A Market Participant with an
hourly Non-Synchronized Reserve Obligation shall be charged the pro rata share of the sum of
Page 84

the quantity of Non-Synchronized Reserves provided in each Real-time Settlement Interval times
the clearing price for all Real-time Settlement Intervals in the hour associated with that
obligation.
(b)
Credits for Non-Synchronized Reserve provided by generation resources that are
not operating for energy at the direction of the Office of the Interconnection specifically for the
purpose of providing Non-Synchronized Reserve shall be the higher of (i) the Non-Synchronized
Reserve Market Clearing Price or (ii) the specific opportunity cost of the generation resource
supplying the increment of Non-Synchronized Reserve, as determined by the Office of the
Interconnection in accordance with procedures specified in the PJM Manuals.
(c)
The Non-Synchronized Reserve Market Clearing Price shall be determined for
each Reserve Zone and Reserve Sub-zone by the Office of the Interconnection for each Realtime Settlement Interval of the Operating Day. The Non-Synchronized Reserve Market Clearing
Price shall be calculated as the 5-minute clearing price. Each 5-minute clearing price shall be
calculated as the marginal cost of procuring sufficient Non-Synchronized Reserves and/or
Synchronized Reserves in each Reserve Zone or Reserve Sub-zone inclusive of opportunity costs
associated with meeting the Primary Reserve Requirement or Extended Primary Reserve
Requirement. When the Primary Reserve Requirement or Extended Primary Reserve
Requirement in a Reserve Zone or Reserve Sub-zone cannot be met at a price less than or equal
to the applicable Reserve Penalty Factor, the 5-minute clearing price for Non-Synchronized
Reserve shall be at least greater than or equal to the applicable Reserve Penalty Factor for the
Reserve Zone or Reserve Sub-zone, but less than or equal to the Reserve Penalty Factor for the
Primary Reserve Requirement for the Reserve Zone or Reserve Sub-zone. If the Office of the
Interconnection has initiated in a Reserve Zone or Reserve Sub-zone either a Voltage Reduction
Action as described in the PJM Manuals or a Manual Load Dump Action as described in the PJM
Manuals, the 5-minute clearing price shall be the Reserve Penalty Factor for the Primary Reserve
Requirement for that Reserve Zone or Reserve Sub-zone.
The Reserve Penalty Factor for the Synchronized Reserve Requirement shall be $850/MWh.
The Reserve Penalty Factor for the Extended Primary Reserve Requirement shall be $300/MWh.
By no later than April 30 of each year, the Office of the Interconnection will analyze Market
Participants’ response to prices exceeding $1,000/MWh on an annual basis and will provide its
analysis to PJM stakeholders. The Office of the Interconnection will also review this analysis to
determine whether any changes to the Primary Reserve Penalty Factors are warranted for
subsequent Delivery Year(s).
(d)
For each Real-time Settlement Interval and for determining the 5-minute NonSynchronized Reserve clearing price, the unit-specific opportunity cost for a generation resource
that is not providing energy because they are providing Non-Synchronized Reserves will be
determined in accordance with the following equation:
(A x B) – C
Where:
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A = The deviation of the generation resource’s output necessary to follow the Office of
the Interconnection’s signals and instructions from the generation resource’s expected
output level if it had been dispatched in economic merit order;
B = The Locational Marginal Price at the generation bus for the generation resource; and
C = The applicable offer for energy from the generation resource in the PJM Interchange
Energy Market.
(e)
In determining the credit under subsection (b) to a resource selected to provide
Non-Synchronized Reserve and that follows the Office of the Interconnection’s signals and
instructions, the unit-specific opportunity cost of a generation resource shall be determined for
each Real-time Settlement Interval that the Office of the Interconnection requires a generation
resource to provide Non- Synchronized Reserve and shall be in accordance with the following
equation:
(A x B) – C
Where:
A = The deviation of the generation resource’s output necessary to follow the Office of
the Interconnection’s signals and instructions from the generation resource’s expected
output level if it had been dispatched in economic merit order;
B = The Locational Marginal Price at the generation bus for the generation resource;
C = The applicable offer for energy from the generation resource in the PJM Interchange
Energy Market.
(f)
Any amounts credited for Non-Synchronized Reserve in a Real-time Settlement
Interval in excess of the Non-Synchronized Reserve Market Clearing Price in that Real-time
Settlement Interval shall be allocated and charged to each Market Participant that does not meet
its hourly Non-Synchronized Reserve Obligation in proportion to its purchases of NonSynchronized Reserve in megawatt-hours during that hour.
(g)
The magnitude of response to a Non-Synchronized Reserve Event by a generation
resource is the difference between the generation resource’s output at the start of the event and
its output 10 minutes after the start of the event. In order to allow for small fluctuations and
possible telemetry delays, generation resource output at the start of the event is defined as the
lowest telemetered generator resource output between one minute prior to and one minute
following the start of the event. Similarly, a generation resource's output 10 minutes after the
start of the event is defined as the greatest generator resource output achieved between 9 and 11
minutes after the start of the event. The response actually credited to a generation resource will
be reduced by the amount the megawatt output of the generation resource falls below the level
achieved after 10 minutes by either the end of the event or after 30 minutes from the start of the
event, whichever is shorter.
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(h)
In the event a generation resource that has been assigned by the Office of the
Interconnection to provide Non-Synchronized Reserve fails to provide the assigned amount of
Non-Synchronized Reserve in response to a Non-Synchronized Reserve Event, the resource will
be credited for Non-Synchronized Reserve capacity in the amount that actually responded for the
contiguous Real-time Settlement Interval the resource was assigned Non-Synchronized Reserve
during which the event occurred.
3.2.3A.01 Day-ahead Scheduling Reserves.
(a)
The Office of the Interconnection shall satisfy the Day-ahead Scheduling
Reserves Requirement by procuring Day-ahead Scheduling Reserves in the Day-ahead
Scheduling Reserves Market from Day-ahead Scheduling Reserves Resources, provided that
Demand Resources shall be limited to providing the lesser of any limit established by the
Reliability First Corporation or SERC, as applicable, or twenty-five percent of the total Dayahead Scheduling Reserves Requirement. Day-ahead Scheduling Reserves Resources that clear
in the Day-ahead Scheduling Reserves Market shall receive a Day-ahead Scheduling Reserves
schedule from the Office of the Interconnection for the relevant Operating Day. PJMSettlement
shall be the Counterparty to the purchases and sales of Day-ahead Scheduling Reserves in the
PJM Interchange Energy Market; provided that PJMSettlement shall not be a contracting party to
bilateral transactions between Market Participants or with respect to a self-schedule or selfsupply of generation resources by a Market Buyer to satisfy its Day-ahead Scheduling Reserves
Requirement.
(b)
A Day-ahead Scheduling Reserves Resource that receives a Day-ahead
Scheduling Reserves schedule pursuant to subsection (a) of this section shall be paid the hourly
Day-ahead Scheduling Reserves Market clearing price for the cleared megawatt quantity of Dayahead Scheduling Reserves in each hour of the schedule, subject to meeting the requirements of
subsection (c) of this section.
(c)
To be eligible for payment pursuant to subsection (b) of this section, Day-ahead
Scheduling Reserves Resources shall comply with the following provisions:
(i)
Generation resources with a start time greater than thirty minutes are
required to be synchronized and operating at the direction of the Office of the
Interconnection during the resource’s Day-ahead Scheduling Reserves schedule and shall
have a dispatchable range equal to or greater than the Day-ahead Scheduling Reserves
schedule.
(ii)
Generation resources and Demand Resources with start times or shutdown times, respectively, equal to or less than 30 minutes are required to respond to
dispatch directives from the Office of the Interconnection during the resource’s Dayahead Scheduling Reserves schedule. To meet this requirement the resource shall be
required to start or shut down within the specified notification time plus its start or shut
down time, provided that such time shall be less than thirty minutes.
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(iii) Demand Resources with a Day-ahead Scheduling Reserves schedule shall
be credited based on the difference between the resource’s MW consumption at the time
the resource is directed by the Office of the Interconnection to reduce its load (starting
MW usage) and the resource’s MW consumption at the time when the Demand Resource
is no longer dispatched by PJM (ending MW usage). For the purposes of this subsection,
a resource’s starting MW usage shall be the greatest telemetered consumption between
one minute prior to and one minute following the issuance of a dispatch instruction from
the Office of the Interconnection, and a resource’s ending MW usage shall be the lowest
consumption between one minute before and one minute after a dispatch instruction from
the Office of the Interconnection that is no longer necessary to reduce.
(iv)
Notwithstanding subsection (iii) above, the credit for a Batch Load
Demand Resource that is at the stage in its production cycle when its energy consumption
is less than the level of megawatts in its offer at the time the resource is directed by the
Office of the Interconnection to reduce its load shall be the difference between (i) the
“ending MW usage” (as defined above) and (ii) the Batch Load Demand Resource’s
consumption during the minute within the ten minutes after the time of the “ending MW
usage” in which the Batch Load Demand Resource’s consumption was highest and for
which its consumption in all subsequent minutes within the ten minutes was not less than
fifty percent of the consumption in such minute; provided that, the credit shall be zero if,
at the time the resource is directed by the Office of the Interconnection to reduce its load,
the scheduled off-cycle stage of the production cycle is greater than the timeframe for
which the resource was dispatched by PJM.
Resources that do not comply with the provisions of this subsection (c) shall not be eligible to
receive credits pursuant to subsection (b) of this section.
(d) The hourly credits paid to Day-ahead Scheduling Reserves Resources satisfying the Base
Day-ahead Scheduling Reserves Requirement (“Base Day-ahead Scheduling Reserves credits”)
shall equal the ratio of the Base Day-ahead Scheduling Reserves Requirement to the Day-ahead
Scheduling Reserves Requirement, multiplied by the total credits paid to Day-ahead Scheduling
Reserves Resources, and are allocated as Base Day-ahead Scheduling Reserves charges per
paragraph (i) below. The hourly credits paid to Day-ahead Scheduling Reserve Resources
satisfying the Additional Day-ahead Scheduling Reserve Requirement (“Additional Day-ahead
Scheduling Reserves credits”) shall equal the ratio of the Additional Day-ahead Scheduling
Reserves Requirement to the Day-ahead Scheduling Reserves Requirement, multiplied by the
total credits paid to Day-ahead Scheduling Reserves Resources and are allocated as Additional
Day-ahead Scheduling Reserves charges per paragraph (ii) below.
(i)

A Market Participant’s Base Day-ahead Scheduling Reserves charge is equal to
the ratio of the Market Participant’s hourly obligation to the total hourly
obligation of all Market Participants in the PJM Region, multiplied by the Base
Day-ahead Scheduling Reserves credits. The hourly obligation for each Market
Participant is a megawatt representation of the portion of the Base Day-ahead
Scheduling Reserves credits that the Market Participant is responsible for paying
to PJM. The hourly obligation is equal to the Market Participant’s load ratio
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share of the total megawatt volume of Base Day-ahead Scheduling Reserves
resources (described below), based on the Market Participant’s total hourly load
(net of operating Behind The Meter Generation, but not to be less than zero) to the
total hourly load of all Market Participants in the PJM Region. The total
megawatt volume of Base Day-ahead Scheduling Reserves resources equals the
ratio of the Base Day-ahead Scheduling Reserves Requirement to the Day-ahead
Scheduling Reserves Requirement multiplied by the total volume of Day-ahead
Scheduling Reserves megawatts paid pursuant to paragraph (c) of this section. A
Market Participant’s hourly Day-ahead Scheduling Reserves obligation can be
further adjusted by any Day-ahead Scheduling Reserve bilateral transactions.
(ii)

Additional Day-ahead Scheduling Reserves credits shall be charged hourly to
Market Participants that are net purchasers in the Day-ahead Energy Market based
on its positive demand difference ratio share. The positive demand difference for
each Market Participant is the difference between its real-time load (net of
operating Behind The Meter Generation, but not to be less than zero) and cleared
Demand Bids in the Day-ahead Energy Market, net of cleared Increment Offers
and cleared Decrement Bids in the Day-ahead Energy Market, when such value is
positive. Net purchasers in the Day-ahead Energy Market are those Market
Participants that have cleared Demand Bids plus cleared Decrement Bids in
excess of its amount of cleared Increment Offers in the Day-ahead Energy
Market. If there are no Market Participants with a positive demand difference, the
Additional Day-ahead Scheduling Reserves credits are allocated according to
paragraph (i) above.

(e)
If the Day-ahead Scheduling Reserves Requirement is not satisfied through the
operation of subsection (a) of this section, any additional Operating Reserves required to meet
the requirement shall be scheduled by the Office of the Interconnection pursuant to Section 3.2.3
of Schedule 1 of this Agreement.
3.2.3B Reactive Services.
(a)
A Market Seller providing Reactive Services at the direction of the Office of the
Interconnection shall be credited as specified below for the operation of its resource. These
provisions are intended to provide payments to generating units when the LMP dispatch
algorithms would not result in the dispatch needed for the required reactive service. LMP will be
used to compensate generators that are subject to redispatch for reactive transfer limits.
(b)
At the end of each Operating Day, where the active energy output of a Market
Seller’s resource is reduced or suspended at the request of the Office of the Interconnection for
the purpose of maintaining reactive reliability within the PJM Region, the Market Seller shall be
credited according to Sections 3.2.3B(c) & 3.2.3B(d).
(c)
A Market Seller providing Reactive Services from either a steam-electric
generating unit or combined cycle unit operating in combined cycle mode, where such unit is
pool-scheduled (or self-scheduled, if operating according to Section 1.10.3 (c) hereof), and
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where the real time LMP at the unit’s bus is higher than the price offered by the Market Seller
for energy from the unit at the level of output requested by the Office of the Interconnection (as
indicated either by the desired MWs of output from the unit determined by PJM’s unit dispatch
system or as directed by the PJM dispatcher through a manual override) shall be compensated for
lost opportunity cost by receiving a credit in an amount equal to the product of (A) the deviation
of the generating unit’s output necessary to follow the Office of the Interconnection’s signals and
the generating unit’s expected output level if it had been dispatched in economic merit order,
times (B) the Real-time Price at the generation bus for the generating unit, minus (C) the Total
Lost Opportunity Cost Offer, provided that the resulting outcome is greater than $0.00. This
equation is represented as (A*B) - C.
(d)
A Market Seller providing Reactive Services from either a combustion turbine
unit or combined cycle unit operating in simple cycle mode that is pool scheduled (or selfscheduled, if operating according to Section 1.10.3 (c) hereof), operated as requested by the
Office of the Interconnection, shall be compensated for lost opportunity cost, limited to the lesser
of the unit’s Economic Maximum or the unit’s Generation Resource Maximum Output, if the
unit output is reduced at the direction of the Office of the Interconnection and the real time LMP
at the unit’s bus is higher than the price offered by the Market Seller for energy from the unit at
the level of output requested by the Office of the Interconnection as directed by the PJM
dispatcher, then the Market Seller shall be credited in a manner consistent with that described
above in Section 3.2.3B(c) for a steam unit or a combined cycle unit operating in combined cycle
mode.
(e)
At the end of each Operating Day, where the active energy output of a Market
Seller’s unit is increased at the request of the Office of the Interconnection for the purpose of
maintaining reactive reliability within the PJM Region and the offered price of the energy is
above the real-time LMP at the unit’s bus, the Market Seller shall be credited according to
Section 3.2.3B(f).
(f)
A Market Seller providing Reactive Services from either a steam-electric
generating unit, combined cycle unit or combustion turbine unit, where such unit is pool
scheduled (or self-scheduled, if operating according to Section 1.10.3 (c) hereof), and where the
real time LMP at the unit’s bus is lower than the price offered by the Market Seller for energy
from the unit at the level of output requested by the Office of the Interconnection (as indicated
either by the desired MWs of output from the unit determined by PJM’s unit dispatch system or
as directed by the PJM dispatcher through a manual override), shall receive a credit hourly in an
amount equal to {(AG - LMPDMW) x (UB - URTLMP)}where:
AG equals the actual output of the unit;
LMPDMW equals the level of output for the unit determined according to the
point on the scheduled offer curve on which the unit was operating corresponding
to the real time LMP at the unit’s bus and adjusted for any Regulation or Tier 2
Synchronized Reserve assignments;
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UB equals the unit offer for that unit for which output is increased, determined
according to the lesser of the Final Offer or Committed Offer;
URTLMP equals the real time LMP at the unit’s bus; and
where UB - URTLMP shall not be negative.
(g)
A Market Seller providing Reactive Services from a hydroelectric resource where
such resource is pool scheduled (or self-scheduled, if operating according to Section 1.10.3 (c)
hereof), and where the output of such resource is altered from the schedule submitted by the
Market Seller for the purpose of maintaining reactive reliability at the request of the Office of the
Interconnection, shall be compensated for lost opportunity cost in the same manner as provided
in sections 3.2.2(d) and 3.2.3A(f) and further detailed in the PJM Manuals.
(h)
If a Market Seller believes that, due to specific pre-existing binding commitments
to which it is a party, and that properly should be recognized for purposes of this section, the
above calculations do not accurately compensate the Market Seller for lost opportunity cost
associated with following the Office of the Interconnection’s dispatch instructions to reduce or
suspend a unit’s output for the purpose of maintaining reactive reliability, then the Office of the
Interconnection, the Market Monitoring Unit and the individual Market Seller will discuss a
mutually acceptable, modified amount of such alternate lost opportunity cost compensation,
taking into account the specific circumstances binding on the Market Seller. Following such
discussion, if the Office of the Interconnection accepts a modified amount of alternate lost
opportunity cost compensation, the Office of the Interconnection shall invoice the Market
Participant accordingly. If the Market Monitoring Unit disagrees with the modified amount of
alternate lost opportunity cost compensation, as accepted by the Office of the Interconnection, it
will exercise its powers to inform the Commission staff of its concerns.
(i)
The amount of Synchronized Reserve provided by generating units maintaining
reactive reliability shall be counted as Synchronized Reserve satisfying the overall PJM
Synchronized Reserve requirements. Operators of these generating units shall be notified of
such provision, and to the extent a generating unit’s operator indicates that the generating unit is
capable of providing Synchronized Reserve, shall be subject to the same requirements contained
in Section 3.2.3A regarding provision of Tier 2 Synchronized Reserve. At the end of each
Operating Day, to the extent a condenser operated to provide Reactive Services also provided
Synchronized Reserve, a Market Seller shall be credited for providing synchronous condensing
for the purpose of maintaining reactive reliability at the request of the Office of the
Interconnection, in an amount equal to the higher of (i) the Synchronized Reserve Market
Clearing Price for each Real-time Settlement Interval a generating unit provided synchronous
condensing multiplied by the amount of Synchronized reserve provided by the synchronous
condenser or (ii) the sum of (A) the generating unit’s cost to provide synchronous condensing,
calculated in accordance with the PJM Manuals, (B) the product of MW energy usage for
providing synchronous condensing multiplied by the real time LMP at the generating unit’s bus,
(C) the generating unit’s startup-cost of providing synchronous condensing, and (D) the unitspecific lost opportunity cost of the generating resource supplying the increment of Synchronized
Reserve as determined by the Office of the Interconnection in accordance with procedures
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specified in the PJM Manuals. To the extent a condenser operated to provide Reactive Services
was not also providing Synchronized Reserve, the Market Seller shall be credited only for the
generating unit’s cost to condense, as described in (ii) above. The total Synchronized Reserve
Obligations of all Load Serving Entities under section 3.2.3A(a) in the zone where these
condensers are located shall be reduced by the amount counted as satisfying the PJM
Synchronized Reserve requirements. The Synchronized Reserve Obligation of each Load
Serving Entity in the zone under section 3.2.3A(a) shall be reduced to the same extent that the
costs of such condensers counted as Synchronized Reserve are allocated to such Load Serving
Entity pursuant to subsection (l) below.
(j)
A Market Seller’s pool scheduled steam-electric generating unit or combined
cycle unit operating in combined cycle mode, that is not committed to operate in the Day-ahead
Market, but that is directed by the Office of the Interconnection to operate solely for the purpose
of maintaining reactive reliability, at the request of the Office of the Interconnection, shall be
credited in the amount of the unit’s offered price for start-up and no-load fees. The unit also
shall receive, if applicable, compensation in accordance with Sections 3.2.3B(e)-(f).
(k)
The sum of the foregoing credits as specified in Sections 3.2.3B(b)-(j) shall be the
cost of Reactive Services for the purpose of maintaining reactive reliability for the Operating
Day and shall be separately determined for each transmission zone in the PJM Region based on
whether the resource was dispatched for the purpose of maintaining reactive reliability in such
transmission zone.
(l)
The cost of Reactive Services for the purpose of maintaining reactive reliability in
a transmission zone in the PJM Region for each Operating Day shall be allocated and charged to
each Market Participant in proportion to its deliveries of energy to load (net of operating Behind
The Meter Generation) in such transmission zone, served under Network Transmission Service,
in megawatt-hours during that Operating Day, as compared to all such deliveries for all Market
Participants in such transmission zone.
(m)
Generating units receiving dispatch instructions from the Office of the
Interconnection under the expectation of increased actual or reserve reactive shall inform the
Office of the Interconnection dispatcher if the requested reactive capability is not achievable.
Should the operator of a unit receiving such instructions realize at any time during which said
instruction is effective that the unit is not, or likely would not be able to, provide the requested
amount of reactive support, the operator shall as soon as practicable inform the Office of the
Interconnection dispatcher of the unit’s inability, or expected inability, to provide the required
reactive support, so that the associated dispatch instruction may be cancelled. PJM Performance
Compliance personnel will audit operations after-the-fact to determine whether a unit that has
altered its active power output at the request of the Office of the Interconnection has provided the
actual reactive support or the reactive reserve capability requested by the Office of the
Interconnection. PJM shall utilize data including, but not limited to, historical reactive
performance and stated reactive capability curves in order to make this determination, and may
withhold such compensation as described above if reactive support as requested by the Office of
the Interconnection was not or could not have been provided.
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3.2.3C Synchronous Condensing for Post-Contingency Operation.
(a)
Under normal circumstances, PJM operates generation out of merit order to
control contingency overloads when the flow on the monitored element for loss of the contingent
element (“contingency flow”) exceeds the long-term emergency rating for that facility, typically
a 4-hour or 2-hour rating. At times however, and under certain, specific system conditions, PJM
does not operate generation out of merit order for certain contingency overloads until the
contingency flow on the monitored element exceeds the 30-minute rating for that facility (“postcontingency operation”). In conjunction with such operation, when the contingency flow on
such element exceeds the long-term emergency rating, PJM operates synchronous condensers in
the areas affected by such constraints, to the extent they are available, to provide greater
certainty that such resources will be capable of producing energy in sufficient time to reduce the
flow on the monitored element below the normal rating should such contingency occur.
(b)
The amount of Synchronized Reserve provided by synchronous condensers
associated with post-contingency operation shall be counted as Synchronized Reserve satisfying
the PJM Synchronized Reserve requirements. Operators of these generation units shall be
notified of such provision, and to the extent a generation unit’s operator indicates that the
generation unit is capable of providing Synchronized Reserve, shall be subject to the same
requirements contained in Section 3.2.3A regarding provision of Tier 2 Synchronized Reserve.
At the end of each Operating Day, to the extent a condenser operated in conjunction with postcontingency operation also provided Synchronized Reserve, a Market Seller shall be credited for
providing synchronous condensing in conjunction with post-contingency operation at the request
of the Office of the Interconnection, in an amount equal to the higher of (i) the Synchronized
Reserve Market Clearing Price for each applicable interval a generation resource provided
synchronous condensing multiplied by the amount of Synchronized Reserve provided by the
synchronous condenser or (ii) the sum of (A) the generation resource’s applicable interval cost
to provide synchronous condensing, calculated in accordance with the PJM Manuals, (B) the
applicable interval product of the megawatts of energy used to provide synchronous condensing
multiplied by the real-time LMP at the generation bus of the generation resource, (C) the
generation resource’s start-up cost of providing synchronous condensing, and (D) the unitspecific lost opportunity cost of the generation resource supplying the increment of Synchronized
Reserve as determined by the Office of the Interconnection in accordance with procedures
specified in the PJM Manuals. To the extent a condenser operated in association with postcontingency constraint control was not also providing Synchronized Reserve, the Market Seller
shall be credited only for the generation unit’s cost to condense, as described in (ii) above. The
total Synchronized Reserve Obligations of all Load Serving Entities under section 3.2.3A(a) in
the zone where these condensers are located shall be reduced by the amount counted as
satisfying the PJM Synchronized Reserve requirements. The Synchronized Reserve Obligation
of each Load Serving Entity in the zone under section 3.2.3A(a) shall be reduced to the same
extent that the costs of such condensers counted as Synchronized Reserve are allocated to such
Load Serving Entity pursuant to subsection (d) below.
(c)
The sum of the foregoing credits as specified in section 3.2.3C(b) shall be the cost
of synchronous condensers associated with post-contingency operations for the Operating Day
and shall be separately determined for each transmission zone in the PJM Region based on
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whether the resource was dispatched in association with post-contingency operation in such
transmission zone.
(d)
The cost of synchronous condensers associated with post-contingency operations
in a transmission zone in the PJM Region for each Operating Day shall be allocated and charged
to each Market Participant in proportion to its deliveries of energy to load (net of operating
Behind The Meter Generation) in such transmission zone, served under Network Transmission
Service, in megawatt-hours during that Operating Day, as compared to all such deliveries for all
Market Participants in such transmission zone.
3.2.4

Transmission Congestion Charges.

Each Market Buyer shall be assessed Transmission Congestion Charges as specified in Section 5
of this Schedule.
3.2.5

Transmission Loss Charges.

Each Market Buyer shall be assessed Transmission Loss Charges as specified in Section 5 of this
Schedule.
3.2.6

Emergency Energy.

(a)
When the Office of the Interconnection has implemented Emergency procedures,
resources offering Emergency energy are eligible to set real-time Locational Marginal Prices,
capped at the energy offer cap plus the sum of the applicable Reserve Penalty Factors for the
Synchronized Reserve Requirement and Primary Reserve Requirement, provided that the
Emergency energy is needed to meet demand in the PJM Region.
(b)
Market Participants shall be allocated a proportionate share of the net cost of Emergency
energy purchased by the Office of the Interconnection. Such allocated share during each
applicable interval of such Emergency energy purchase shall be in proportion to the amount of
each Market Participant’s real-time deviation from its net withdrawals and injections in the Dayahead Energy Market, whenever that deviation increases the Market Participant’s spot market
purchases or decreases its spot market sales. This deviation shall not include any reduction or
suspension of output of pool scheduled resources requested by PJM to manage an Emergency
within the PJM Region.
(c)
Net revenues in excess of Real-time Prices attributable to sales of energy in connection
with Emergencies to other Control Areas shall be credited to Market Participants during each
applicable interval of such Emergency energy sale in proportion to the sum of (i) each Market
Participant’s real-time deviation from its net withdrawals and injections in the Day-ahead
Energy Market, whenever that deviation increases the Market Participant’s spot market
purchases or decreases its spot market sales, and (ii) each Market Participant’s energy sales from
within the PJM Region to entities outside the PJM Region that have been curtailed by PJM.
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(d)
The net costs or net revenues associated with sales or purchases of energy in connection
with a Minimum Generation Emergency in the PJM Region, or in another Control Area, shall be
allocated during each applicable interval of such Emergency sale or purchase to each Market
Participant in proportion to the amount of each Market Participant’s real-time deviation from its
net withdrawals and injections in the Day-ahead Market, whenever that deviation increases the
Market Participant’s spot market sales or decreases its spot market purchases.
3.2.7

Billing.

(a)
PJMSettlement shall prepare a billing statement each billing cycle for each
Market Participant in accordance with the charges and credits specified in Sections 3.2.1
through 3.2.6 of this Schedule, and showing the net amount to be paid or received by the Market
Participant. Billing statements shall provide sufficient detail, as specified in the PJM Manuals,
to allow verification of the billing amounts and completion of the Market Participant’s internal
accounting.
(b)
If deliveries to a Market Participant that has PJM Interchange meters in
accordance with Section 14 of the Operating Agreement include amounts delivered for a Market
Participant that does not have PJM Interchange meters separate from those of the metered
Market Participant, PJMSettlement shall prepare a separate billing statement for the unmetered
Market Participant based on the allocation of deliveries agreed upon between the Market
Participant and the unmetered Market Participant specified by them to the Office of the
Interconnection.
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Attachment B
PJM Open Access Transmission Tariff
and PJM Operating Agreement

(Clean Format)

Section(s) of the
PJM Open Access Transmission Tariff
(Clean Format)

Definitions – R - S
Ramping Capability:
“Ramping Capability” shall mean the sustained rate of change of generator output, in megawatts
per minute.
Real-time Congestion Price:
“Real-time Congestion Price” shall mean the Congestion Price resulting from the Office of the
Interconnection’s dispatch of the PJM Interchange Energy Market in the Operating Day.
Real-time Loss Price:
“Real-time Loss Price” shall mean the Loss Price resulting from the Office of the
Interconnection’s dispatch of the PJM Interchange Energy Market in the Operating Day.
Real-time Energy Market:
“Real-time Energy Market” shall mean the purchase or sale of energy and payment of
Transmission Congestion Charges for quantity deviations from the Day-ahead Energy Market in
the Operating Day.
Real-time Offer:
“Real-time Offer” shall mean a new offer or an update to a Market Seller’s existing cost-based or
market-based offer for a clock hour, submitted after the close of the Day-ahead Energy Market.
Real-time Prices:
“Real-time Prices” shall mean the Locational Marginal Prices resulting from the Office of the
Interconnection’s dispatch of the PJM Interchange Energy Market in the Operating Day.
Real-time Settlement Interval:
“Real-time Settlement Interval” shall mean the interval used by settlements, which shall be every
five minutes.
Real-time System Energy Price:
“Real-time System Energy Price” shall mean the System Energy Price resulting from the Office
of the Interconnection’s dispatch of the PJM Interchange Energy Market in the Operating Day.
Reasonable Efforts:
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“Reasonable Efforts” shall mean, with respect to any action required to be made, attempted, or
taken by an Interconnection Party or by a Construction Party under Tariff, Part IV or Part VI, an
Interconnection Service Agreement, or a Construction Service Agreement, such efforts as are
timely and consistent with Good Utility Practice and with efforts that such party would undertake
for the protection of its own interests.
Receiving Party:
“Receiving Party” shall mean the entity receiving the capacity and energy transmitted by the
Transmission Provider to Point(s) of Delivery.
Referral:
“Referral” shall mean a formal report of the Market Monitoring Unit to the Commission for
investigation of behavior of a Market Participant, of behavior of PJM, or of a market design
flaw, pursuant to Tariff, Attachment M, section IV.I.
Reference Resource:
“Reference Resource” shall mean a combustion turbine generating station, configured with two
General Electric Frame 7FA turbines with inlet air cooling to 50 degrees, Selective Catalytic
Reduction technology all CONE Areas, dual fuel capability, and a heat rate of 10.096 Mmbtu/
MWh.
Regional Entity:
“Regional Entity” shall have the same meaning specified in the Operating Agreement.
Regional Transmission Expansion Plan:
“Regional Transmission Expansion Plan” shall mean the plan prepared by the Office of the
Interconnection pursuant to Schedule 6 of the Operating Agreement for the enhancement and
expansion of the Transmission System in order to meet the demands for firm transmission
service in the PJM Region.
Regional Transmission Group (RTG):
“Regional Transmission Group” or “RTG” shall mean a voluntary organization of transmission
owners, transmission users and other entities approved by the Commission to efficiently
coordinate transmission planning (and expansion), operation and use on a regional (and
interregional) basis.
Regulation:
“Regulation” shall mean the capability of a specific generation resource or Demand Resource
with appropriate telecommunications, control and response capability to seperately increase and
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decrease its output or adjust load in response to a regulating control signal, in accordance with
the specifications in the PJM Manuals.
Regulation Effective Megawatts:
“Regulation Effective Megawatts” shall equal the product of 1) the amount of Regulation that a
resource is providing in a given hour, 2) the resource’s historic performance score, and 3) the
resource’s Regulation Rate of Technical Substitution.
Regulation Marginal Rate of Technical Substitution:
“Regulation Marginal Rate of Technical Substitution” shall mean the Regulation Rate of
Technical Substitution assigned to the last dynamic Regulation resource committed to provide
Regulation service in a given hour.
Regulation Rate of Technical Substitution:
“Regulation Rate of Technical Substitution” shall mean a value along the Regulation Rate of
Technical Substitution Curve that translates a dynamic Regulation resource into a traditional
Regulation resource. Regulation Rate of Technical Substitution is calculated in accordance with
the PJM Manuals.
Regulation Rate of Technical Substitution Curve:
“Regulation Rate of Technical Substitution Curve” shall mean a function that defines the
operational relationship between traditional and dynamic Regulation resources utilized to meet
the Regulation Requirement. Regulation Rate of Technical Substitution Curve is calculated in
accordance with the PJM
Manuals.
Regulation Requirement:
“Regulation Requirement” shall mean the calculated Regulation Effective Megawatts required to
be maintained in a Regulation Zone, absent any increase to account for additional Regulation
scheduled to address operational uncertainty. Regulation Requirement is defined in accordance
with the PJM Manuals.
Regulation Zone:
“Regulation Zone” shall mean any of those one or more geographic areas, each consisting of a
combination of one or more Control Zone(s) as designated by the Office of the Interconnection
in the PJM Manuals, relevant to provision of, and requirements for, regulation service.
Relevant Electric Retail Regulatory Authority:
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“Relevant Electric Retail Regulatory Authority” shall mean an entity that has jurisdiction over
and establishes prices and policies for competition for providers of retail electric service to endcustomers, such as the city council for a municipal utility, the governing board of a cooperative
utility, the state public utility commission or any other such entity.
Reliability Assurance Agreement:
“Reliability Assurance Agreement” shall mean that certain Reliability Assurance Agreement
Among Load Serving Entities in the PJM Region, on file with FERC as PJM Interconnection
L.L.C. Rate Schedule FERC No. 44, and as amended from time to time thereafter.
Reliability Pricing Model Auction:
“Reliability Pricing Model Auction” or “RPM Auction” shall mean the Base Residual Auction or
any Incremental Auction, or, for the 2016/2017 and 2017/2018 Delivery Years, any Capacity
Performance Transition Incremental Auction.
Repowered / Repowering:
“Repowered” or “Repowering” shall refer to a partial or total replacement of existing steam
production equipment with new technology or a partial or total replacement of steam production
process and power generation equipment, or an addition of steam production and/or power
generation equipment, or a change in the primary fuel being used at the plant. A resource can be
considered Repowered whether or not such aforementioned replacement, addition, or fuel change
provides an increase in installed capacity, and whether or not the pre-existing plant capability is
formally deactivated or retired.
Required Transmission Enhancements:
“Regional Transmission Enhancements” shall mean enhancements and expansions of the
Transmission System that (1) a Regional Transmission Expansion Plan developed pursuant to
Schedule 6 of the Operating Agreement or (2) any joint planning or coordination agreement
between PJM and another region or transmission planning authority set forth in Tariff, Schedule
12-Appendix B (“Appendix B Agreement”) designates one or more of the Transmission
Owner(s) to construct and own or finance. Required Transmission Enhancements shall also
include enhancements and expansions of facilities in another region or planning authority that
meet the definition of transmission facilities pursuant to FERC’s Uniform System of Accounts or
have been classified as transmission facilities in a ruling by FERC addressing such facilities
constructed pursuant to an Appendix B Agreement cost responsibility for which has been
assigned at least in part to PJM pursuant to such Appendix B Agreement.
Reserved Capacity:
“Reserved Capacity” shall mean the maximum amount of capacity and energy that the
Transmission Provider agrees to transmit for the Transmission Customer over the Transmission
Provider’s Transmission System between the Point(s) of Receipt and the Point(s) of Delivery
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under Tariff, Part II. Reserved Capacity shall be expressed in terms of whole megawatts on a
sixty (60) minute interval (commencing on the clock hour) basis.
Reserve Penalty Factor:
“Reserve Penalty Factor” shall mean the cost, in $/MWh, associated with being unable to meet a
specific reserve requirement in a Reserve Zone or Reserve Sub-zone. A Reserve Penalty Factor
will be defined for each reserve requirement in a Reserve Zone or Reserve Sub-zone.
Reserve Sub-zone:
“Reserve Sub-zone” shall mean any of those geographic areas wholly contained within a Reserve
Zone, consisting of a combination of a portion of one or more Control Zone(s) as designated by
the Office of the Interconnection in the PJM Manuals, relevant to provision of, and requirements
for, reserve service.
Reserve Zone:
“Reserve Zone” shall mean any of those geographic areas consisting of a combination of one or
more Control Zone(s), as designated by the Office of the Interconnection in the PJM Manuals,
relevant to provision of, and requirements for, reserve service.
Residual Auction Revenue Rights:
“Residual Auction Revenue Rights” shall mean incremental stage 1 Auction Revenue Rights
created within a Planning Period by an increase in transmission system capability, including the
return to service of existing transmission capability, that was not modeled pursuant to Operating
Agreement, Schedule 1, section 7.5 and the parallel provisions of Tariff, Attachment KAppendix in compliance with Operating Agreement, Schedule 1, section 7.4.2 (h) and the
parallel provisions of Tariff, Attachment K-Appendix, and, if modeled, would have increased the
amount of stage 1 Auction Revenue Rights allocated pursuant to Operating Agreement, Schedule
1, section 7.4.2 and the parallel provisions of Tariff, Attachment K-Appendix; provided that, the
foregoing notwithstanding, Residual Auction Revenue Rights shall exclude: 1) Incremental
Auction Revenue Rights allocated pursuant to Tariff, Part VI; and 2) Auction Revenue Rights
allocated to entities that are assigned cost responsibility pursuant to Operating Agreement,
Schedule 6 for transmission upgrades that create such rights.
Residual Metered Load:
“Residual Metered Load” shall mean all load remaining in an electric distribution company’s
fully metered franchise area(s) or service territory(ies) after all nodally priced load of entities
serving load in such area(s) or territory(ies) has been carved out.
Resource Substitution Charge:
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“Resource Substitution Charge” shall mean a charge assessed on Capacity Market Buyers in an
Incremental Auction to recover the cost of replacement Capacity Resources.
Revenue Data for Settlements:
“Revenue Data for Settlements” shall mean energy quantities used in accounting and billing as
determined pursuant to Tariff, Attachment K-Appendix and the corresponding provisions of
Operating Agreement, Schedule 1.
RPM Seller Credit:
“RPM Seller Credit” shall mean an additional form of Unsecured Credit defined in Tariff,
Attachment Q, section IV.
Scheduled Incremental Auctions:
“Scheduled Incremental Auctions” shall refer to the First, Second, or Third Incremental Auction.
Schedule of Work:
“Schedule of Work” shall mean that schedule attached to the Interconnection Construction
Service Agreement setting forth the timing of work to be performed by the Constructing Entity
pursuant to the Interconnection Construction Service Agreement, based upon the Facilities Study
and subject to modification, as required, in accordance with Transmission Provider’s scope
change process for interconnection projects set forth in the PJM Manuals.
Scope of Work:
“Scope of Work” shall mean that scope of the work attached as a schedule to the Interconnection
Construction Service Agreement and to be performed by the Constructing Entity(ies) pursuant to
the Interconnection Construction Service Agreement, provided that such Scope of Work may be
modified, as required, in accordance with Transmission Provider’s scope change process for
interconnection projects set forth in the PJM Manuals.
Seasonal Capacity Performance Resource:
“Seasonal Capacity Performance Resource” shall have the same meaning specified in Tariff,
Attachment DD, section 5.5A.
Secondary Systems:
“Secondary Systems” shall mean control or power circuits that operate below 600 volts, AC or
DC, including, but not limited to, any hardware, control or protective devices, cables,
conductors, electric raceways, secondary equipment panels, transducers, batteries, chargers, and
voltage and current transformers.
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Second Incremental Auction:
“Second Incremental Auction” shall mean an Incremental Auction conducted ten months before
the Delivery Year to which it relates.
Security:
“Security” shall mean the security provided by the New Service Customer pursuant to Section
212.4 or Section 213.4 of the Tariff to secure the New Service Customer’s responsibility for
Costs under the Interconnection Service Agreement or Upgrade Construction Service Agreement
and Section 217 of the Tariff.
Segment:
“Segment” shall have the same meaning as described in section 3.2.3(e) of Schedule 1 of this
Agreement.
Self-Supply:
“Self-Supply” shall mean Capacity Resources secured by a Load-Serving Entity, by ownership
or contract, outside a Reliability Pricing Model Auction, and used to meet obligations under this
Attachment or the Reliability Assurance Agreement through submission in a Base Residual
Auction or an Incremental Auction of a Sell Offer indicating such Market Seller’s intent that
such Capacity Resource be Self-Supply. Self-Supply may be either committed regardless of
clearing price or submitted as a Sell Offer with a price bid. A Load Serving Entity's Sell Offer
with a price bid for an owned or contracted Capacity Resource shall not be deemed “SelfSupply,” unless it is designated as Self-Supply and used by the LSE to meet obligations under
this Attachment or the Reliability Assurance Agreement.
Sell Offer:
“Sell Offer” shall mean an offer to sell Capacity Resources in a Base Residual Auction,
Incremental Auction, or Reliability Backstop Auction.
Service Agreement:
“Service Agreement” shall mean the initial agreement and any amendments or supplements
thereto entered into by the Transmission Customer and the Transmission Provider for service
under the Tariff.
Service Commencement Date:
“Service Commencement Date” shall mean the date the Transmission Provider begins to provide
service pursuant to the terms of an executed Service Agreement, or the date the Transmission
Provider begins to provide service in accordance with Section 15.3 or Section 29.1 under the
Tariff.
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Short-Term Firm Point-To-Point Transmission Service:
“Short-Term Firm Point-To-Point Transmission Service” shall mean Firm Point-To-Point
Transmission Service under Tariff, Part II with a term of less than one year.
Short-term Project:
“Short-term Project” shall have the same meaning provided in the Operating Agreement.
Short-Term Resource Procurement Target:
“Short-Term Resource Procurement Target” shall mean, for Delivery Years through May 31,
2018, as to the PJM Region, for purposes of the Base Residual Auction, 2.5% of the PJM Region
Reliability Requirement determined for such Base Residual Auction, for purposes of the First
Incremental Auction, 2% of the of the PJM Region Reliability Requirement as calculated at the
time of the Base Residual Auction; and, for purposes of the Second Incremental Auction, 1.5%
of the of the PJM Region Reliability Requirement as calculated at the time of the Base Residual
Auction; and, as to any Zone, an allocation of the PJM Region Short-Term Resource
Procurement Target based on the Preliminary Zonal Forecast Peak Load, reduced by the amount
of load served under the FRR Alternative. For any LDA, the LDA Short-Term Resource
Procurement Target shall be the sum of the Short-Term Resource Procurement Targets of all
Zones in the LDA.
Short-Term Resource Procurement Target Applicable Share:
“Short-Term Resource Procurement Target Applicable Share” shall mean, for Delivery Years
through May 31, 2018: (i) for the PJM Region, as to the First and Second Incremental Auctions,
0.2 times the Short-Term Resource Procurement Target used in the Base Residual Auction and,
as to the Third Incremental Auction for the PJM Region, 0.6 times such target; and (ii) for an
LDA, as to the First and Second Incremental Auctions, 0.2 times the Short-Term Resource
Procurement Target used in the Base Residual Auction for such LDA and, as to the Third
Incremental Auction, 0.6 times such target.
Site:
“Site” shall mean all of the real property, including but not limited to any leased real property
and easements, on which the Customer Facility is situated and/or on which the Customer
Interconnection Facilities are to be located.
Small Commercial Customer:
“Small Commercial Customer,” as used in RAA, Schedule 6 and Tariff, Attachment DD-1, shall
mean a commercial retail electric end-use customer of an electric distribution company that
participates in a mass market demand response program under the jurisdiction of a RERRA and
satisfies the definition of a “small commercial customer” under the terms of the applicable
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RERRA’s program, provided that the customer has an annual peak demand no greater than
100kW.
Small Generation Resource:
“Small Generation Resource” shall mean an Interconnection Customer’s device of 20 MW or
less for the production and/or storage for later injection of electricity identified in an
Interconnection Request, but shall not include the Interconnection Customer’s Interconnection
Facilities. This term shall include Energy Storage Resources and/or other devices for storage for
later injection of energy.
Small Inverter Facility:
“Small Inverter Facility” shall mean an Energy Resource that is a certified small inverter-based
facility no larger than 10 kW.
Small Inverter ISA:
“Small Inverter ISA” shall mean an agreement among Transmission Provider, Interconnection
Customer, and Interconnected Transmission Owner regarding interconnection of a Small Inverter
Facility under Tariff, Part IV, section 112B.
Special Member:
“Special Member” shall mean an entity that satisfies the requirements of Operating Agreement,
Schedule 1, section 1.5A.02, and the parallel provisions of Tariff, Attachment K-Appendix, or
the special membership provisions established under the Emergency Load Response and PreEmergency Load Response Programs.
Spot Market Backup:
“Spot Market Backup” shall mean the purchase of energy from, or the delivery of energy to, the
PJM Interchange Energy Market in quantities sufficient to complete the delivery or receipt
obligations of a bilateral contract that has been curtailed or interrupted for any reason.
Spot Market Energy:
“Spot Market Energy” shall mean energy bought or sold by Market Participants through the PJM
Interchange Energy Market at System Energy Prices determined as specified in Operating
Agreement, Schedule 1, section 2, and the parallel provisions of Tariff, Attachment K-Appendix.
Start Additional Labor Costs:
“Start Additional Labor Costs” shall mean additional labor costs for startup required above
normal station manning levels.
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Start-Up Costs:
“Start-Up Costs” shall mean the unit costs to bring the boiler, turbine and generator from
shutdown conditions to the point after breaker closure which is typically indicated by
telemetered or aggregated state estimator megawatts greater than zero and is determined based
on the cost of start fuel, total fuel-related cost, performance factor, electrical costs (station
service), start maintenance adder, and additional labor cost if required above normal station
manning. Start-Up Costs can vary with the unit offline time being categorized in three unit
temperature conditions: hot, intermediate and cold.
State:
“State” shall mean the District of Columbia and any State or Commonwealth of the United
States.
State Commission:
“State Commission” shall mean any state regulatory agency having jurisdiction over retail
electricity sales in any State in the PJM Region.
State Estimator:
“State Estimator” shall mean the computer model of power flows specified in Operating
Agreement, Schedule 1, section 2.3 and the parallel provisions of Tariff, Attachment KAppendix.
Station Power:
“Station Power” shall mean energy used for operating the electric equipment on the site of a
generation facility located in the PJM Region or for the heating, lighting, air-conditioning and
office equipment needs of buildings on the site of such a generation facility that are used in the
operation, maintenance, or repair of the facility. Station Power does not include any energy (i)
used to power synchronous condensers; (ii) used for pumping at a pumped storage facility; (iii)
used for compressors at a compressed air energy storage facility; (iv) used for charging an
Energy Storage Resource or a Capacity Storage Resource; or (v) used in association with
restoration or black start service.
Sub-Annual Resource Constraint:
“Sub-Annual Resource Constraint” shall mean, for the 2017/2018 Delivery Year and for FRR
Capacity Plans the 2017/2018 and 2018/2019 Delivery Years, for the PJM Region or for each
LDA for which the Office of the Interconnection is required under section 5.10(a) of Tariff
Attachment DD to establish a separate VRR Curve for a Delivery Year, a limit on the total
amount of Unforced Capacity that can be committed as Limited Demand Resources and
Extended Summer Demand Resources for the 2017/2018 Delivery Year in the PJM Region or in
such LDA, calculated as the Sub-Annual Resource Reliability Target for the PJM Region or for
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such LDA, respectively, minus the Short-Term Resource Procurement Target for the PJM
Region or for such LDA, respectively.
Sub-Annual Resource Price Decrement:
“Sub-Annual Resource Price Decrement” shall mean, for the 2017/2018 Delivery Year, a
difference between the clearing price for Extended Summer Demand Resources and the clearing
price for Annual Resources, representing the cost to procure additional Annual Resources out of
merit order when the Sub-Annual Resource Constraint is binding.
Sub-Annual Resource Reliability Target:
“Sub-Annual Reliability Target” for the PJM Region or an LDA, shall mean the maximum
amount of the combination of Extended Summer Demand Resources and Limited Demand
Resources in Unforced Capacity determined by PJM to be consistent with the maintenance of
reliability, stated in Unforced Capacity, that shall be used to calculate the Minimum Annual
Resource Requirement for Delivery Years through May 31, 2017 and the Sub-Annual Resource
Constraint for the 2017/2018 and 2018/2019 Delivery Years. As more fully set forth in the PJM
Manuals, PJM calculates the Sub-Annual Resource Reliability Target, by first determining a
reference annual loss of load expectation (“LOLE”) assuming no Demand Resources. The
calculation for the unconstrained portion of the PJM Region uses a daily distribution of loads
under a range of weather scenarios (based on the most recent load forecast and iteratively
shifting the load distributions to result in the Installed Reserve Margin established for the
Delivery Year in question) and a weekly capacity distribution (based on the cumulative capacity
availability distributions developed for the Installed Reserve Margin study for the Delivery Year
in question). The calculation for each relevant LDA uses a daily distribution of loads under a
range of weather scenarios (based on the most recent load forecast for the Delivery Year in
question) and a weekly capacity distribution (based on the cumulative capacity availability
distributions developed for the Capacity Emergency Transfer Objective study for the Delivery
Year in question). For the relevant LDA calculation, the weekly capacity distributions are
adjusted to reflect the Capacity Emergency Transfer Limit for the Delivery Year in question.
For both the PJM Region and LDA analyses, PJM then models the commitment of varying
amounts of DR (displacing otherwise committed generation) as interruptible from May 1 through
October 31 and unavailable from November 1 through April 30 and calculates the LOLE at each
DR level. The Extended Summer DR Reliability Target is the DR amount, stated as a percentage
of the unrestricted peak load, that produces no more than a ten percent increase in the LOLE,
compared to the reference value. The Sub-Annual Resource Reliability Target shall be
expressed as a percentage of the forecasted peak load of the PJM Region or such LDA and is
converted to Unforced Capacity by multiplying [the reliability target percentage] times [the
Forecast Pool Requirement] times [the DR Factor] times [the forecasted peak load of the PJM
Region or such LDA, reduced by the amount of load served under the FRR Alternative].
Sub-meter:
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“Sub-meter” shall mean a metering point for electricity consumption that does not include all
electricity consumption for the end-use customer as defined by the electric distribution company
account number. PJM shall only accept sub-meter load data from end-use customers for
measurement and verification of Regulation service as set forth in the Economic Load Response
rules and PJM Manuals.
Summer-Period Capacity Performance Resource:
“Summer-Period Capacity Performance Resource” shall have the same meaning specified in
Tariff, Attachment DD, section 5.5A.
Switching and Tagging Rules:
“Switching and Tagging Rules” shall mean the switching and tagging procedures of
Interconnected Transmission Owners and Interconnection Customer as they may be amended
from time to time.
Synchronized Reserve:
“Synchronized Reserve” shall mean the reserve capability of generation resources that can be
converted fully into energy or Demand Resources whose demand can be reduced within ten
minutes from the request of the Office of the Interconnection dispatcher, and is provided by
equipment that is electrically synchronized to the Transmission System.
Synchronized Reserve Event:
“Synchronized Reserve Event” shall mean a request from the Office of the Interconnection to
generation resources and/or Demand Resources able, assigned or self-scheduled to provide
Synchronized Reserve in one or more specified Reserve Zones or Reserve Sub-zones, within ten
minutes, to increase the energy output or reduce load by the amount of assigned or selfscheduled Synchronized Reserve capability.
Synchronized Reserve Requirement:
“Synchronized Reserve Requirement” shall mean the megawatts required to be maintained in a
Reserve Zone or Reserve Sub-zone as Synchronized Reserve, absent any increase to account for
additional reserves scheduled to address operational uncertainty. The Synchronized Reserve
Requirement is calculated in accordance with the PJM Manuals.
System Condition:
“System Condition” shall mean a specified condition on the Transmission Provider’s system or
on a neighboring system, such as a constrained transmission element or flowgate, that may
trigger Curtailment of Long-Term Firm Point-to-Point Transmission Service using the
curtailment priority pursuant to Tariff, Part II, section 13.6. Such conditions must be identified
in the Transmission Customer’s Service Agreement.
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System Energy Price:
“System Energy Price” shall mean the energy component of the Locational Marginal Price,
which is the price at which the Market Seller has offered to supply an additional increment of
energy from a resource, calculated as specified in Operating Agreement, Schedule 1, section 2
and the parallel provisions of Tariff, Attachment K-Appendix.
System Impact Study:
“System Impact Study” shall mean an assessment by the Transmission Provider of (i) the
adequacy of the Transmission System to accommodate a Completed Application, an
Interconnection Request or an Upgrade Request, (ii) whether any additional costs may be
incurred in order to provide such transmission service or to accommodate an Interconnection
Request, and (iii) with respect to an Interconnection Request, an estimated date that an
Interconnection Customer’s Customer Facility can be interconnected with the Transmission
System and an estimate of the Interconnection Customer’s cost responsibility for the
interconnection; and (iv) with respect to an Upgrade Request, the estimated cost of the requested
system upgrades or expansion, or of the cost of the system upgrades or expansion, necessary to
provide the requested incremental rights.
System Protection Facilities:
“System Protection Facilities” shall refer to the equipment required to protect (i) the
Transmission System, other delivery systems and/or other generating systems connected to the
Transmission System from faults or other electrical disturbance occurring at or on the Customer
Facility, and (ii) the Customer Facility from faults or other electrical system disturbance
occurring on the Transmission System or on other delivery systems and/or other generating
systems to which the Transmission System is directly or indirectly connected. System Protection
Facilities shall include such protective and regulating devices as are identified in the Applicable
Technical Requirements and Standards or that are required by Applicable Laws and Regulations
or other Applicable Standards, or as are otherwise necessary to protect personnel and equipment
and to minimize deleterious effects to the Transmission System arising from the Customer
Facility.
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3.2

Market Settlements.

If a dollar-per-MW-hour value is applied in a calculation under this section 3.2 where the
interval of the value produced in that calculation is less than an hour, then for purposes of that
calculation the dollar-per-MW hour value is divided by the number of Real-time Settlement
Intervals in the hour.
3.2.1

Spot Market Energy.

(a)
The Office of the Interconnection shall calculate System Energy Prices in the
form of Day-ahead System Energy Prices and Real-time System Energy Prices for the PJM
Region, in accordance with Section 2 of this Schedule.
(b)
Each Market Participant shall be charged for all of its Market Participant Energy
Withdrawals scheduled in the Day-ahead Energy Market at the Day-ahead System Energy Price
to be served in the PJM Interchange Energy Market.
(c)
Each Market Participant shall be paid for all of its Market Participant Energy
Injections scheduled in the Day-ahead Energy Market at the Day-ahead System Energy Price to
be delivered to the PJM Interchange Energy Market.
(d) For each Day-ahead Settlement Interval during an Operating Day, the Office of the
Interconnection shall calculate Spot Market Energy charges for each Market Participant as the
difference between the sum of its Market Participant Energy Withdrawals scheduled times the
Day-ahead System Energy Price and the sum of its Market Participant Energy Injections
scheduled times the Day-ahead System Energy Price.
(e) For each Real-time Settlement Interval during an Operating Day, the Office of the
Interconnection shall calculate Spot Market Energy charges for each Market Participant as the
difference between the sum of its real-time Market Participant Energy Withdrawals less its
scheduled Market Participant Energy Withdrawals times the Real-time System Energy Price and
the sum of its real-time Market Participant Energy Injections less scheduled Market Participant
Energy Injections times the Real-time System Energy Price. The Revenue Data for Settlements
determined for each Real-time Settlement Interval in accordance with section 3.1A of this
Schedule shall be used in determining the real-time Market Participant Energy Withdrawals and
Market Participant Energy Injections used to calculate Spot Market Energy charges under this
subsection (e).
(f) For pool External Resources, the Office of the Interconnection shall model, based on
an appropriate flow analysis, the megawatts of real-time energy injections to be delivered from
each such resource to the corresponding Interface Pricing Point between adjacent Control Areas
and the PJM Region.
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3.2.2

Regulation.

(a)
Each Market Participant that is a Load Serving Entity in a Regulation Zone shall
have an hourly Regulation objective equal to its pro rata share of the Regulation requirements of
such Regulation Zone for the hour, based on the Market Participant’s total load (net of operating
Behind The Meter Generation, but not to be less than zero) in such Regulation Zone for the hour
(“Regulation Obligation”). A Market Participant with an hourly Regulation Obligation shall be
charged the pro rata share of the sum of the quantity of regulation provided in each Real-time
Settlement Interval times the clearing price for all Real-time Settlement Intervals in the hour
associated with that obligation.
(b)
Each Market Participant supplying Regulation in a Regulation Zone at the
direction of the Office of the Interconnection shall be credited for each of its resources such that
the calculated credit for each increment of Regulation provided by each resource shall be the
higher of: (i) the Regulation market-clearing price; or (ii) the sum of the applicable Regulation
offers for a resource determined pursuant to Section 3.2.2A.1 of this Schedule, the unit-specific
shoulder hour opportunity costs described in subsection (e) of this section, the unit-specific intertemporal opportunity costs, and the unit-specific opportunity costs discussed in subsection (d) of
this section.
(c)
The total Regulation market-clearing price in each Regulation Zone shall be
determined for each Real-time Settlement Interval. The total Regulation market-clearing price
shall include: (i) the performance Regulation market-clearing price in a Regulation Zone that
shall be calculated in accordance with subsection (g) of this section; (ii) the capability Regulation
market-clearing price that shall be calculated in accordance with subsection (h) of this section;
and (iii) a Regulation resource’s unit-specific opportunity costs during the 5-minute period,
determined as described in subsection (d) below, divided by the unit-specific Regulation Rate of
Technical Substitution described in subsection (k) of this section and divided by the historic
performance score of the resource from among the resources selected to provide Regulation. A
resource’s Regulation offer by any Market Seller that fails the three-pivotal supplier test set forth
in section 3.2.2A.1 of this Schedule shall not exceed the cost of providing Regulation from such
resource, plus twelve dollars, as determined pursuant to the formula in section 1.10.1A(e) of this
Schedule.
(d)
In determining the Regulation 5-minute clearing price for each Regulation Zone,
the estimated unit-specific opportunity costs of a generation resource offering to sell Regulation
in each regulating hour, except for hydroelectric resources, shall be equal to the product of (i) the
deviation of the set point of the generation resource that is expected to be required in order to
provide Regulation from the generation resource’s expected output level if it had been
dispatched in economic merit order times, (ii) the absolute value of the difference between the
expected Locational Marginal Price at the generation bus for the generation resource and (a) for
offline resources that will be brought online solely for regulation, the cheapest of the available
market-based or cost-based energy schedulesfrom the generation resource at the megawatt level
of the Regulation set point for the resource in the PJM Interchange Energy Market or (b) for
online resources, the schedule on which the resource was committed for energy.
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For hydroelectric resources offering to sell Regulation in a regulating hour, the estimated unitspecific opportunity costs for each hydroelectric resource in spill conditions as defined in the
PJM Manuals will be the full value of the Locational Marginal Price at that generation bus for
each megawatt of Regulation capability.
The estimated unit-specific opportunity costs for each hydroelectric resource that is not in spill
conditions as defined in the PJM Manuals and has a day-ahead megawatt commitment greater
than zero shall be equal to the product of (i) the deviation of the set point of the hydroelectric
resource that is expected to be required in order to provide Regulation from the hydroelectric
resource’s expected output level if it had been dispatched in economic merit order times (ii) the
difference between the expected Locational Marginal Price at the generation bus for the
hydroelectric resource and the average of the Locational Marginal Price at the generation bus for
the appropriate on-peak or off-peak period as defined in the PJM Manuals, excluding those hours
during which all available units at the hydroelectric resource were operating. Estimated
opportunity costs shall be zero for hydroelectric resources for which the average Locational
Marginal Price at the generation bus for the appropriate on-peak or off-peak period, excluding
those Real-time Settlement Intervals during which all available units at the hydroelectric resource
were operating is higher than the actual Locational Marginal Price at the generator bus for the
Real-time Settlement Interval.
The estimated unit-specific opportunity costs for each hydroelectric resource that is not in spill
conditions as defined in the PJM Manuals and does not have a day-ahead megawatt commitment
greater than zero shall be equal to the product of (i) the deviation of the set point of the
hydroelectric resource that is expected to be required in order to provide Regulation from the
hydroelectric resource’s expected output level if it had been dispatched in economic merit order
times (ii) the difference between the average of the Locational Marginal Price at the generation
bus for the appropriate on-peak or off-peak period as defined in the PJM Manuals, excluding
those hours during which all available units at the hydroelectric resource were operating and the
expected Locational Marginal Price at the generation bus for the hydroelectric resource.
Estimated opportunity costs shall be zero for hydroelectric resources for which the actual
Locational Marginal Price at the generator bus for the Real-time Settlement Interval is higher
than the average Locational Marginal Price at the generation bus for the appropriate on-peak or
off-peak period, excluding those Real-time Settlement Intervals during which all available units
at the hydroelectric resource were operating.
For the purpose of committing resources and setting Regulation market clearing prices, the
Office of the Interconnection shall utilize day-ahead Locational Marginal Prices to calculate
opportunity costs for hydroelectric resources. For the purposes of settlements, the Office of the
Interconnection shall utilize the real-time Locational Marginal Prices to calculate opportunity
costs for hydroelectric resources.
Estimated opportunity costs for Demand Resources to provide Regulation are zero.
(e)
In determining the credit under subsection (b) to a Market Participant selected to
provide Regulation in a Regulation Zone and that actively follows the Office of the
Interconnection’s Regulation signals and instructions, the unit-specific opportunity cost of a
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generation resource shall be determined for (1) each Real-time Settlement Interval that the Office
of the Interconnection requires a generation resource to provide Regulation, and (2) the last three
Real-time Settlement Intervals of the preceding shoulder hour and the first three Real-time
Settlement Intervals of the following shoulder hour in accordance with the PJM Manuals and
below.
The unit-specific opportunity cost incurred during the Real-time Settlement Interval in which the
Regulation obligation is fulfilled shall be equal to the product of (i) the deviation of the
generation resource’s output necessary to follow the Office of the Interconnection’s Regulation
signals from the generation resource’s expected output level if it had been dispatched in
economic merit order times (ii) the absolute value of the difference between the Locational
Marginal Price at the generation bus for the generation resource and the schedule on which the
resource was committed at the actual megawatt level of the resource when the actual megawatt
level is within the tolerance defined in the PJM Manuals for the Regulation set point, or at the
Regulation set point for the resource when it is not within the corresponding tolerance in the PJM
Interchange Energy Market. Opportunity costs for Demand Resources to provide Regulation are
zero.
The unit-specific opportunity costs associated with uneconomic operation during each of the
preceding three Real-time Settlement Intervals of the shoulder hour shall be equal to the product
of (i) the deviation between the set point of the generation resource that is expected to be
required in the initial regulating Real-time Settlement Interval in order to provide Regulation and
the resource’s expected output in each of the preceding three Real-time Settlement Intervals of
the shoulder hour times (ii) the absolute value of the difference between the Locational Marginal
Price at the generation bus for the generation resource in each of the preceding three Real-time
Settlement Intervals of the shoulder hour and the schedule on which the resource is committed at
the megawatt level of the Regulation set point for the resource in the initial regulating Real-time
Settlement Interval in the PJM Interchange Energy Market, all as determined by the Office of the
Interconnection in accordance with procedures specified in the PJM Manuals.
The unit-specific opportunity costs associated with uneconomic operation during each of the
following three Real-time Settlement Intervals of the shoulder hour shall be equal to the product
of (i) the deviation between the set point of the generation resource that is expected to be
required in the final regulating Real-time Settlement Interval in order to provide Regulation and
the resource’s expected output in each of the following three Real-time Settlement Intervals of
the shoulder hour times (ii) the absolute value of the difference between the Locational Marginal
Price at the generation bus for the generation resource in each of the following three Real-time
Settlement Intervals of the shoulder hour and the schedule on which the resource is committed at
the megawatt level of the Regulation set point for the resource in final regulating hour in the
PJM Interchange Energy Market all as determined by the Office of the Interconnection in
accordance with procedures specified in the PJM Manuals.
(f)
Any amounts credited for Regulation in an hour in excess of the Regulation
market-clearing price in that hour shall be allocated and charged to each Market Participant in a
Regulation Zone that does not meet its hourly Regulation obligation in proportion to its
purchases of Regulation in such Regulation Zone in megawatt-hours during that hour.
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(g)
To determine the Regulation market performance-clearing price for the
Regulation Zone, the Office of the Interconnection shall adjust the submitted performance offer
for each resource in accordance with the historical performance of that resource, the amount of
Regulation that resource will be dispatched based on the ratio of control signals calculated by the
Office of the Interconnection, and the unit-specific Regulation Rate of Technical Substitution
described in subsection (k) of this section for which that resource is qualified. The maximum
adjusted performance offer of all cleared resources will set the Regulation market performanceclearing price.
The owner of each Regulation resource that actively follows the Office of the Interconnection’s
Regulation signals and instructions, will be credited for Regulation performance by multiplying
the assigned MW(s) by the Regulation market performance-clearing price, by the Regulation
Marginal Rate of Technical Substitution, and by the Regulation resource’s performance score
calculated in accordance with subsection (l) of this section.
(h)
The Office of the Interconnection shall divide each Regulation resource’s capability offer
by the unit-specific Regulation Rate of Technical Substitution described in subsection (k) of this
section and also divided by the historic performance score of the resource for the purposes of
committing resources and setting the market clearing prices. The Office of the Interconnection
shall calculate the Regulation market capability clearing price for the Regulation Zone by
subtracting the Regulation market capability clearing price described in subsection (g) from the
total Regulation market clearing price described in subsection (c). This residual sets the
Regulation market capability clearing price for that market Real-time Settlement Interval. The
owner of each Regulation resource that actively follows the Office of the Interconnection’s
Regulation signals and instructions will be credited for Regulation capability based on the
assigned MW and the Regulation market capability clearing price multiplied by the Regulation
Marginal Rate of Technical Substitution, and the Regulation resource’s performance score
calculated in accordance with subsection (l) of this section.
(i)
In accordance with the processes described in the PJM Manuals, the Office of the
Interconnection shall: (i) calculate inter-temporal opportunity costs for each applicable resource;
(ii) include such inter-temporal opportunity costs in each applicable resource’s offer to sell
frequency Regulation service; and (iii) account for such inter-temporal opportunity costs in the
Regulation market-clearing price.
(j)
As further detailed in PJM Manuals, the Regulation Rate of Technical
Substitution Curve shall be calculated using engineering models to determine the combinations
of the dynamic Regulation signal and traditional Regulation signal that provide equivalent
system control.
(k)
The Office of the Interconnection shall calculate a unit-specific Regulation Rate
of Technical Substitution for each resource assigned to the dynamic Regulation signal and the
traditional Regulation signal based on their order in the merit order stack for the applicable
Regulation signal, in accordance with the PJM Manuals. The unit-specific Regulation Rate of
Technical Substitution is the point on the Regulation Rate of Technical Substitution Curve that
aligns with the last megawatt, adjusted by historical performance, that resource will add to the
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dynamic resource stack. The unit-specific Regulation Rate of Technical Substitutionfor the
traditional Regulation signal shall be equal to one.
(l)
The Office of the Interconnection shall calculate each Regulation resource’s
performance score. The performance score shall be calculated as a function of the difference in
the energy provided by the Regulation resource versus the energy requested by the Regulation
signal. For each interval in which a resource is assigned Regulation, PJM calculates the
performance score in accordance with the following equation:

The historic performance score will be based on a rolling average of the Real-time Settlement
Interval performance scores, with consideration of the qualification score, as defined in the PJM
Manuals.
3.2.2A Offer Price Caps.
3.2.2A.1

Applicability.

(a)
Each hour, the Office of the Interconnection shall conduct a three-pivotal supplier
test as described in this section. Regulation offers from Market Sellers that fail the three-pivotal
supplier test shall be capped in the hour in which they failed the test at their cost based offers as
determined pursuant to section 1.10.1A(e) of this Schedule. A Regulation supplier fails the
three-pivotal supplier test in any hour in which such Regulation supplier and the two largest
other Regulation suppliers are jointly pivotal.
(b)
For the purposes of conducting the three-pivotal supplier test pursuant to this
section, the following applies:
(i)
The three-pivotal supplier test will include in the definition of available
supply all offers from resources capable of satisfying the Regulation Requirement of the
PJM Region multiplied by the historic accuracy score of the resource and multiplied by
the unit-specific Regulation Rate of Technical Substitution for which the capability costbased offer plus the performance cost-based offer plus any eligible opportunity costs is
no greater than 150 percent of the clearing price that would be calculated if all offers
were limited to cost (plus eligible opportunity costs).
(ii)
The three-pivotal supplier test will apply on a Regulation supplier basis
(i.e. not a resource by resource basis) and only the Regulation suppliers that fail the three-
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pivotal supplier test will have their Regulation offers capped. A Regulation supplier for
the purposes of this section includes corporate affiliates. Regulation from resources
controlled by a Regulation supplier or its affiliates, whether by contract with unaffiliated
third parties or otherwise, will be included as Regulation of that Regulation supplier.
Regulation provided by resources owned by a Regulation supplier but controlled by an
unaffiliated third party, whether by contract or otherwise, will be included as Regulation
of that third party.
(iii) Each supplier shall be ranked from the largest to the smallest offered
megawatt of eligible Regulation supply adjusted by the historic performance of each
resource and the unit-specific benefits factor. Suppliers are then tested in order, starting
with the three largest suppliers. For 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 to determine the residual supply index. Where the residual
supply index for three pivotal suppliers 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 third supplier result in a residual supply index greater than 1.0, at which point the
remaining suppliers pass the test. Any resource owner that fails the three-pivotal supplier
test will be offer-capped.

3.2.3

Operating Reserves.

(a)
A Market Seller’s pool-scheduled resources capable of providing Operating
Reserves shall be credited as specified below based on the applicable offer for the operation of
such resource, provided that the resource was available for the entire time specified in the Offer
Data for such resource. To the extent that Section 3.2.3A.01 of Schedule 1 of this Agreement
does not meet the Day-ahead Scheduling Reserves Requirement, the Office of the
Interconnection shall schedule additional Operating Reserves pursuant to Section 1.7.17 and 1.10
of Schedule 1 of this Agreement. In addition the Office of the Interconnection shall schedule
Operating Reserves pursuant to those sections to satisfy any unforeseen Operating Reserve
requirements that are not reflected in the Day-ahead Scheduling Reserves Requirement.
(b)
The following determination shall be made for each pool-scheduled resource that
is scheduled in the Day-ahead Energy Market: the total offered price for Start-up Costs and Noload Costs and energy, determined on the basis of the resource’s scheduled output, shall be
compared to the total value of that resource’s energy – as determined by the Day-ahead Energy
Market and the Day-ahead Prices applicable to the relevant generation bus in the Day-ahead
Energy Market. PJM shall also (i) determine whether any resources were scheduled in the Dayahead Energy Market to provide Black Start service, Reactive Services or transfer interface
control during the Operating Day because they are known or expected to be needed to maintain
system reliability in a Zone during the Operating Day in order to minimize the total cost of
Operating Reserves associated with the provision of such services and reflect the most accurate
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possible expectation of real-time operating conditions in the day-ahead model, which resources
would not have otherwise been committed in the day-ahead security-constrained dispatch and (ii)
report on the day following the Operating Day the megawatt quantities scheduled in the Dayahead Energy Market for the above-enumerated purposes for the entire RTO.
Except as provided in Section 3.2.3(n), if the total offered price for Start-up Costs (shutdown
costs for Demand Resources) and No-load Costs and energy summed over all Day-ahead
Settlement Intervals exceeds the total value summed over all Day-ahead Settlement Intervals, the
difference shall be credited to the Market Seller.
The Office of the Interconnection shall apply any balancing Operating Reserve credits allocated
pursuant to this Section 3.2.3(b) to real-time deviations or real-time load share plus exports,
pursuant to Section 3.2.3(p), depending on whether the balancing Operating Reserve credits are
related to resources scheduled during the reliability analysis for an Operating Day, or during the
actual Operating Day.
(i)
For resources scheduled by the Office of the Interconnection during the
reliability analysis for an Operating Day, the associated balancing Operating Reserve
credits shall be allocated based on the reason the resource was scheduled according to the
following provisions:
(A)
If the Office of the Interconnection determines during the
reliability analysis for an Operating Day that a resource was 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, the associated balancing Operating Reserve credits, identified as RA
Credits for Deviations, shall be allocated to real-time deviations.
(B)
If the Office of the Interconnection determines during the
reliability analysis for an Operating Day that a resource was committed to
maintain system reliability, the associated balancing Operating Reserve credits,
identified as RA Credits for Reliability, shall be allocated according to ratio share
of real time load plus export transactions.
(C)
If the Office of the Interconnection determines during the
reliability analysis for an Operating Day that a resource with a day-ahead
schedule is required to deviate from that schedule to provide balancing Operating
Reserves, the associated balancing Operating Reserve credits shall be segmented
and separately allocated pursuant to subsections 3.2.3(b)(i)(A) or 3.2.3(b)(i)(B)
hereof. Balancing Operating Reserve credits for such resources will be identified
in the same manner as units committed during the reliability analysis pursuant to
subsections 3.2.3(b)(i)(A) and 3.2.3(b)(i)(B) hereof.
(ii)
For resources scheduled during an Operating Day, the associated
balancing Operating Reserve credits shall be allocated according to the following
provisions:
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(A)
If the Office of the Interconnection directs a resource to operate
during an Operating Day to provide balancing Operating Reserves, the associated
balancing Operating Reserve credits, identified as RT Credits for Reliability, shall
be allocated according to ratio share of load plus exports. The foregoing
notwithstanding, credits will be applied pursuant to this section only if the LMP at
the resource's bus does not meet or exceed the applicable offer of the resource for
at least four 5-minute intervals during one or more discrete clock hours during
each period the resource operated and produced MWs during the relevant
Operating Day. If a resource operated and produced MWs for less than four 5minute intervals during one or more discrete clock hours during the relevant
Operating Day, the credits for that resource during the hour it was operated less
than four 5-minute intervals will be identified as being in the same category (RT
Credits for Reliability or RT Credits for Deviations) as identified for the
Operating Reserves for the other discrete clock hours.
(B)
If the Office of the Interconnection directs a resource not covered
by Section 3.2.3(b)(ii)(A) hereof to operate in real-time during an Operating Day,
the associated balancing Operating Reserve credits, identified as RT Credits for
Deviations, shall be allocated according to real-time deviations from day-ahead
schedules.
(iii) PJM shall post on its Web site the aggregate amount of MWs committed
that meet the criteria referenced in subsections (b)(i) and (b)(ii) hereof.
(c)
The sum of the foregoing credits calculated in accordance with Section 3.2.3(b)
plus any unallocated charges from Section 3.2.3(h) and 5.1.7, and any shortfalls paid pursuant to
the Market Settlement provision of the Day-ahead Economic Load Response Program, shall be
the cost of Operating Reserves in the Day-ahead Energy Market.
(d)
The cost of Operating Reserves in the Day-ahead Energy Market shall be
allocated and charged to each Market Participant in proportion to the sum of its (i) scheduled
load (net of Behind The Meter Generation expected to be operating, but not to be less than zero),
accepted Decrement Bids in the Day-ahead Energy Market in megawatt-hours for that Operating
Day, and the scheduled megawatt-hours at the specified sink of an accepted Up-to Congestion
Transaction; and (ii) scheduled energy sales in the Day-ahead Energy Market from within the
PJM Region to load outside such region in megawatt-hours for that Operating Day, but not
including its bilateral transactions that are Dynamic Transfers to load outside such area pursuant
to Section 1.12, except to the extent PJM scheduled resources to provide Black Start service,
Reactive Services or transfer interface control. The cost of Operating Reserves in the Day-ahead
Energy Market for resources scheduled to provide Black Start service for the Operating Day
which resources would not have otherwise been committed in the day-ahead security constrained
dispatch shall be allocated by ratio share of the monthly transmission use of each Network
Customer or Transmission Customer serving Zone Load or Non-Zone Load, as determined in
accordance with the formulas contained in Schedule 6A of the PJM Tariff. The cost of
Operating Reserves in the Day-ahead Energy Market for resources scheduled to provide Reactive
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Services or transfer interface control because they are known or expected to be needed to
maintain system reliability in a Zone during the Operating Day and would not have otherwise
been committed in the day-ahead security constrained dispatch shall be allocated and charged to
each Market Participant in proportion to the sum of its real-time deliveries of energy to load (net
of operating Behind The Meter Generation) in such Zone, served under Network Transmission
Service, in megawatt-hours during that Operating Day, as compared to all such deliveries for all
Market Participants in such Zone.
(e)
At the end of each Operating Day, the following determination shall be made for
each synchronized pool-scheduled resource of each Market Seller that operates as requested by
the Office of the Interconnection. For each calendar day, pool-scheduled resources in the Realtime Energy Market shall be made whole for each of the following Segments: 1) the greater of
their day-ahead schedules and minimum run time specified at the time of commitment (minimum
down time specified at the time of commitment for Demand Resources); and 2) any block of
Real-time Settlement Intervals the resource operates at PJM’s direction in excess of the greater of
its day-ahead schedule and minimum run time specified at the time of commitment (minimum
down time specified at the time of commitment for Demand Resources). For each calendar day,
and for each synchronized start of a generation resource or PJM-dispatched economic load
reduction, there will be a maximum of two Segments for each resource. Segment 1 will be the
greater of the day-ahead schedule and minimum run time specified at the time of commitment
(minimum down time specified at the time of commitment for Demand Resources) and Segment
2 will include the remainder of the contiguous Real-time Settlement Intervals when the resource
is operating at the direction of the Office of the Interconnection, provided that a segment is
limited to the Operating Day in which it commenced and cannot include any part of the
following Operating Day.
A Generation Capacity Resource that operates outside of its unit-specific parameters will not
receive Operating Reserve Credits nor be made whole for such operation when not dispatched by
the Office of the Interconnection, unless the Market Seller of the Generation Capacity Resource
can justify to the Office of the Interconnection that operation outside of such unit-specific
parameters was the result of an actual constraint. Such Market Seller shall provide to the Market
Monitoring Unit and the Office of the Interconnection its request to receive Operating Reserve
Credits and/or to be made whole for such operation, along with documentation explaining in
detail the reasons for operating its resource outside of its unit-specific parameters, within thirty
calendar days following the issuance of billing statement for the Operating Day. The Market
Seller shall also respond to additional requests for information from the Market Monitoring Unit
and the Office of the Interconnection. The Market Monitoring Unit shall evaluate such request
for compensation and provide its determination of whether there was an exercise of market
power to the Office of the Interconnection by no later than twenty-five calendar days after
receiving the Market Seller’s request for compensation. The Office of the Interconnection shall
make its determination whether the Market Seller justified that it is entitled to receive Operating
Reserve Credits and/or be made whole for such operation of its resource for the day(s) in
question, by no later than thirty calendar days after receiving the Market Seller’s request for
compensation.
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Credits received pursuant to this section shall be equal to the positive difference between a
resource’s Total Operating Reserve Offer, and the total value of the resource’s energy for hours
in the Day-ahead Energy Market that correspond to five-minute intervals in which the resource
is operated in real-time pursuant to the Office of the Interconnection’s direction, plus any credit
or change for quantity deviations, at PJM dispatch direction (excluding quantity deviations
caused by an increase in the Market Seller’s Real-time Offer), from the Day-ahead Energy
Market during the Operating Day at the real-time LMP(s) applicable to the relevant generation
bus in the Real-time Energy Market. The foregoing notwithstanding, credits for segment 2 shall
exclude start up (shutdown costs for Demand Resources) costs for generation resources.
Except as provided in Section 3.2.3(m), if the total offered price exceeds the total value, the
difference less any credit as determined pursuant to Section 3.2.3(b), and less any amounts
credited for Synchronized Reserve in excess of the Synchronized Reserve offer plus the
resource’s opportunity cost, and less any amounts credited for Non-Synchronized Reserve in
excess of the Non-Synchronized Reserve offer plus the resource’s opportunity cost, and less any
amounts credited for providing Reactive Services as specified in Section 3.2.3B, and less any
amounts for Day-ahead Scheduling Reserve in excess of the Day-ahead Scheduling Reserve
offer plus the resource’s opportunity cost, shall be credited to the Market Seller.
Synchronized Reserve, Non-Synchronized Reserve, and Real-time Settlement Interval share of
the Day-ahead Scheduling Reserve credits applied against Operating Reserve credits pursuant to
this section shall be netted against the Operating Reserve credits earned in the corresponding
Real-time Settlement Interval(s) in which the Synchronized Reserve, Non-Synchronized Reserve,
and Day-ahead Scheduling Reserve credits accrued, provided that for condensing combustion
turbines, Synchronized Reserve credits will be netted against the total Operating Reserve credits
accrued during each Real-time Settlement Interval the unit operates in condensing and generation
mode.
(f)
A Market Seller of a unit not defined in subsection (f-1), (f-2), or (f-4) hereof (or
self-scheduled, if operating according to Section 1.10.3 (c) hereof), the output of which is
reduced or suspended at the request of the Office of the Interconnection due to a transmission
constraint or other reliability issue, and for which the real-time LMP at the unit’s bus is higher
than the unit’s offer corresponding to the level of output requested by the Office of the
Interconnection (as indicated either by the desired MWs of output from the unit determined by
PJM’s unit dispatch system or as directed by the PJM dispatcher through a manual override),
shall be credited for each Real-time Settlement Interval in an amount equal to the product of (A)
the deviation of the generating unit’s output necessary to follow the Office of the
Interconnection’s signals and the generating unit’s expected output level if it had been
dispatched in economic merit order, times (B) the Locational Marginal Price at the generation
bus for the generating unit, minus (C) the Total Lost Opportunity Cost Offer, provided that the
resulting outcome is greater than $0.00. This equation is represented as (A*B) - C.
(f-1) With the exception of Market Sellers of Flexible Resources that submit a Realtime Offer greater than their resource’s Committed Offer in the Day-ahead Energy Market, a
Market Seller of a Flexible Resource, shall be compensated for lost opportunity cost, and shall be
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limited to the lesser of the unit’s Economic Maximum or the unit’s Generation Resource
Maximum Output, if either of the following conditions occur:
(i)

if the unit output is reduced at the direction of the Office of the Interconnection
and the real time LMP at the unit’s bus is higher than the unit’s offer
corresponding to the level of output requested by the Office of the Interconnection
(as directed by the PJM dispatcher), then the Market Seller shall be credited in a
manner consistent with that described in section 3.2.3 (f).

(ii)

If the unit is scheduled to produce energy in the Day-ahead Energy Market for a
Day-ahead Settlement Interval, but the unit is not called on by the Office of the
Interconnection and does not operate in the corresponding Real-time Settlement
Interval(s), then the Market Seller shall be credited in an amount equal to the
higher of:
1) the product of (A) the amount of megawatts committed in the
Day-ahead Energy Market for the generating unit, and (B) the
Real-time Price at the generation bus for the generating unit,
minus the sum of (C) the Total Lost Opportunity Cost Offer
plus No-load Costs, plus (D) the Start-up Cost, divided by the
Real-time Settlement Intervals committed for each set of
contiguous hours for which the unit was scheduled in Dayahead Energy Market. This equation is represented as (A*B) (C+D). The startup cost, (D), shall be excluded from this
calculation if the unit operates in real time following the Office
of the Interconnection’s direction during any portion of the set
of contiguous hours for which the unit was scheduled in Dayahead Energy Market, or
2) the Real-time Price at the unit’s bus minus the Day-ahead Price
at the unit’s bus, multiplied by the number of megawatts
committed in the Day-ahead Energy Market for the generating
unit.

Market Sellers of Flexible Resources that submit a Real-time Offer greater than their resource’s
Committed Offer in the Day-ahead Energy Market shall not be eligible to receive compensation
for lost opportunity costs under any applicable provisions of Schedule 1 of this Agreement.
(f-2) A Market Seller of a hydroelectric resource that is pool-scheduled (or selfscheduled, if operating according to Section 1.10.3 (c) hereof), the output of which is altered at
the request of the Office of the Interconnection from the schedule submitted by the owner, due to
a transmission constraint or other reliability issue, shall be compensated for lost opportunity cost
in the same manner as provided in sections 3.2.2(d) and 3.2.3A(f) and further detailed in the
PJM Manuals.
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(f-3) If a Market Seller believes that, due to specific pre-existing binding commitments
to which it is a party, and that properly should be recognized for purposes of this section, the
above calculations do not accurately compensate the Market Seller for opportunity cost
associated with following PJM dispatch instructions and reducing or suspending a unit’s output
due to a transmission constraint or other reliability issue, then the Office of the Interconnection,
the Market Monitoring Unit and the individual Market Seller will discuss a mutually acceptable,
modified amount of opportunity cost compensation, taking into account the specific
circumstances binding on the Market Seller. Following such discussion, if the Office of the
Interconnection accepts a modified amount of opportunity cost compensation, the Office of the
Interconnection shall invoice the Market Seller accordingly. If the Market Monitoring Unit
disagrees with the modified amount of opportunity cost compensation, as accepted by the Office
of the Interconnection, it will exercise its powers to inform the Commission staff of its concerns.
(f-4) A Market Seller of a wind generating unit that is pool-scheduled or self-scheduled,
has SCADA capability to transmit and receive instructions from the Office of the
Interconnection, has provided data and established processes to follow PJM basepoints pursuant
to the requirements for wind generating units as further detailed in this Agreement, the Tariff and
the PJM Manuals, and which is operating as requested by the Office of the Interconnection, the
output of which is reduced or suspended at the request of the Office of the Interconnection due to
a transmission constraint or other reliability issue, and for which the real-time LMP at the unit’s
bus is higher than the unit’s offer corresponding to the level of output requested by the Office of
the Interconnection (as indicated either by the desired MWs of output from the unit determined
by PJM’s unit dispatch system or as directed by the PJM dispatcher through a manual override),
shall be credited for each Real-time Settlement Interval in an amount equal to the product of (A)
the deviation of the generating unit’s output necessary to follow the Office of the
Interconnection’s signals and the generating unit’s expected output level if it had been
dispatched in economic merit order, times (B) the Real-time Price at the generation bus for the
generating unit, minus (C) the Total Lost Opportunity Cost Offer, provided that the resulting
outcome is greater than $0.00. This equation is represented as (A*B) - C.
(g)
The sum of the foregoing credits, plus any cancellation fees paid in accordance
with Section 1.10.2(d), such cancellation fees to be applied to the Operating Day for which the
unit was scheduled, plus any shortfalls paid pursuant to the Market Settlement provision of the
real-time Economic Load Response Program, less any payments received from another Control
Area for Operating Reserves shall be the cost of Operating Reserves for the Real-time Energy
Market in each Operating Day.
(h)
The cost of Operating Reserves for the Real-time Energy Market for each
Operating Day, except those associated with the scheduling of units for Black Start service or
testing of Black Start Units as provided in Schedule 6A of the PJM Tariff, shall be allocated and
charged to each Market Participant based on their daily total of hourly deviations determined in
accordance with the following equation:
∑h (A + B + C)
Where:
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h = the hours in the applicable Operating Day;
A = For each Real-Time Settlement Interval in an hour, the sum of the absolute value of the
withdrawal deviations (in MW) between the quantities scheduled in the Day-ahead Energy
Market and the Market Participant’s energy withdrawals (net of operating Behind The Meter
Generation) in the Real-Time Energy Market, except as noted in subsection (h)(ii) below and in
the PJM Manuals divided by the number of Real-time Settlement Intervals for that hour. The
summation of each Real-time Settlement Interval’s withdrawal deviation in an hour will be the
Market Participant’s total hourly withdrawal deviations. Market Participant bilateral
transactions that are Dynamic Transfers to load outside the PJM Region pursuant to section
1.12 of this Schedule are not included in the determination of withdrawal deviations;
B = For each Real-Time Settlement Interval in an hour, the sum of the absolute value of
generation deviations (in MW and not including deviations in Behind The Meter Generation) as
determined in subsection (o) divided by the number of Real-Time Settlement Intervals for that
hour;
C = For each Real-Time Settlement Interval in an hour, the sum of the absolute value of the
injection deviations (in MW) between the quantities scheduled in the Day-ahead Energy Market
and the Market Participant’s energy injections in the Real-Time Energy Market divided by the
number of Real-time Settlement Intervals for that hour. The summation of the injection
deviations for each Real-time Settlement Interval in an hour will be the Market Participant’s
total hourly injection deviations. The determination of injection deviations does not include
generation resources.
The Revenue Data for Settlements determined for each Real-time Settlement Interval in
accordance with section 3.1A of this Schedule shall be used in determining the real-time
withdrawal deviations, generation deviations and injection deviations used to calculate
Operating Reserve under this subsection (e).
The costs associated with scheduling of units for Black Start service or testing of Black Start
Units shall be allocated by ratio share of the monthly transmission use of each Network Customer
or Transmission Customer serving Zone Load or Non-Zone Load, as determined in accordance with
the formulas contained in Schedule 6A of the PJM Tariff.
Notwithstanding section (h)(1) above, as more fully set forth in the PJM Manuals, load
deviations from the Day-ahead Energy Market shall not be assessed Operating Reserves charges
to the extent attributable to reductions in the load of Price Responsive Demand that is in response
to an increase in Locational Marginal Price from the Day-ahead Energy Market to the Real-time
Energy Market and that is in accordance with a properly submitted PRD Curve.
Deviations that occur within a single Zone shall be associated with the Eastern or Western
Region, as defined in Section 3.2.3(q) of this Schedule, and shall be subject to the regional
balancing Operating Reserve rate determined in accordance with Section 3.2.3(q). Deviations at
a hub shall be associated with the Eastern or Western Region if all the buses that define the hub
are located in the region. Deviations at an Interface Pricing Point shall be associated with
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whichever region, the Eastern or Western Region, with which the majority of the buses that
define that Interface Pricing Point are most closely electrically associated. If deviations at
interfaces and hubs are associated with the Eastern or Western region, they shall be subject to the
regional balancing Operating Reserve rate. Demand and supply deviations shall be based on
total activity in a Zone, including all aggregates and hubs defined by buses that are wholly
contained within the same Zone.
The foregoing notwithstanding, netting deviations shall be allowed for each Real-time Settlement
Interval in accordance with the following provisions:
(i)
Generation resources with multiple units located at a single bus shall be
able to offset deviations in accordance with the PJM Manuals to determine the net
deviation MW at the relevant bus.
(ii)
Demand deviations will be assessed by comparing all day-ahead demand
transactions at a single transmission zone, hub, or interface against the real-time demand
transactions at that same transmission zone, hub, or interface; except that the positive
values of demand deviations, as set forth in the PJM Manuals, will not be assessed
Operating Reserve charges in the event of a Primary Reserve or Synchronized Reserve
shortage in real-time or where PJM initiates the request for emergency load reductions in
real-time in order to avoid a Primary Reserve or Synchronized Reserve shortage. The
scheduled megawatt-hour withdrawal at the specified sink for an accepted Decrement
Bid or Up-to Congestion Transaction are included in the determination of demand
deviations. Bilateral transactions inside the PJM Region, as defined in section 1.7.10 of
this Schedule, will not be included in the determination of demand deviations.
(iii) Supply deviations will be assessed by comparing all day-ahead
transactions at a single transmission zone, hub, or interface against the real-time
transactions at that same transmission zone, hub, or interface. The scheduled megawatthour injection at the specified source for an accepted Increment Offer or Up-to
Congestion Transaction are included in the determination of supply deviations. Bilateral
transactions inside the PJM Region, as defined in section 1.7.10 of this Schedule, will not
be included in the determination of supply deviations.
(i)
At the end of each Operating Day, Market Sellers shall be credited on the basis of
their offered prices for synchronous condensing for purposes other than providing Synchronized
Reserve or Reactive Services, as well as the credits calculated as specified in Section 3.2.3(b) for
those generators committed solely for the purpose of providing synchronous condensing for
purposes other than providing Synchronized Reserve or Reactive Services, at the request of the
Office of the Interconnection.
(j)
The sum of the foregoing credits as specified in Section 3.2.3(i) shall be the cost
of Operating Reserves for synchronous condensing for the PJM Region for purposes other than
providing Synchronized Reserve or Reactive Services, or in association with post-contingency
operation for the Operating Day and shall be separately determined for the PJM Region.
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(k)
The cost of Operating Reserves for synchronous condensing for purposes other
than providing Synchronized Reserve or Reactive Services, or in association with postcontingency operation for each Operating Day shall be allocated and charged to each Market
Participant in proportion to the sum of its (i) deliveries of energy to load (net of operating Behind
The Meter Generation, but not to be less than zero) in the PJM Region, served under Network
Transmission Service, in megawatt-hours during that Operating Day; and (ii) deliveries of
energy sales from within the PJM Region to load outside such region in megawatt-hours during
that Operating Day, but not including its bilateral transactions that are Dynamic Transfers to load
outside the PJM Region pursuant to Section 1.12, as compared to the sum of all such deliveries
for all Market Participants.
(l)
For any Operating Day in either, as applicable, the Day-ahead Energy Market or
the Real-time Energy Market for which, for all or any part of such Operating Day, the Office of
the Interconnection: (i) declares a Maximum Generation Emergency; (ii) issues an alert that a
Maximum Generation Emergency may be declared (“Maximum Generation Emergency Alert”);
or (iii) schedules units based on the anticipation of a Maximum Generation Emergency or a
Maximum Generation Emergency Alert, the Operating Reserves credit otherwise provided by
Section 3.2.3.(b) or Section 3.2.3(e) in connection with market-based offers shall be limited as
provided in subsections (n) or (m), respectively. The Office of the Interconnection shall provide
timely notice on its internet site of the commencement and termination of any of the actions
described in subsection (i), (ii), or (iii) of this subsection (l) (collectively referred to as “MaxGen
Conditions”). Following the posting of notice of the commencement of a MaxGen Condition, a
Market Seller may elect to submit a cost-based offer in accordance with Schedule 2 of the
Operating Agreement, in which case subsections (m) and (n) shall not apply to such offer;
provided, however, that such offer must be submitted in accordance with the deadlines in Section
1.10 for the submission of offers in the Day-ahead Energy Market or Real-time Energy Market,
as applicable. Submission of a cost-based offer under such conditions shall not be precluded by
Section 1.9.7(b); provided, however, that the Market Seller must return to compliance with
Section 1.9.7(b) when it submits its bid for the first Operating Day after termination of the
MaxGen Condition.
(m)
For the Real-time Energy Market, if the Effective Offer Price (as defined below)
for a market-based offer is greater than $1,000/MWh and greater than the Market Seller’s lowest
available and applicable cost-based offer, the Market Seller shall not receive any credit for
Operating Reserves. For purposes of this subsection (m), the Effective Offer Price shall be the
amount that, absent subsections (l) and (m), would have been credited for Operating Reserves for
such Operating Day pursuant to Section 3.2.3(e) plus the Real-time Energy Market revenues for
the Real-time Settlement Intervals that the offer is economic divided by the megawatt hours of
energy provided during the Real-time Settlement Intervals that the offer is economic. The Realtime Settlement Intervals that the offer is economic shall be: (i) the Real-time Settlement
Intervals that the offer price for energy is less than or equal to the Real-time Price for the
relevant generation bus, (ii) the Real-time Settlement Intervals in which the offer for energy is
greater than Locational Marginal Price and the unit is operated at the direction of the Office of
the Interconnection that are in addition to any Real-time Settlement Intervals required due to the
minimum run time or other operating constraint of the unit, and (iii) for any unit with a minimum
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run time of one hour or less and with more than one start available per day, any hours the unit
operated at the direction of the Office of the Interconnection.
(n)
For the Day-ahead Energy Market, if notice of a MaxGen Condition is provided
prior to 10:30 a.m. on the day before the Operating Day for which transactions are being
scheduled and the Effective Offer Price for a market-based offer is greater than $1,000/MWh and
greater than the Market Seller’s lowest available and applicable cost-based offer, the Market
Seller shall not receive any credit for Operating Reserves. If notice of a MaxGen Condition is
provided after 10:30 a.m. on the day before the Operating Day for which transactions are being
scheduled and the Effective Offer Price is greater than $1,000/MWh, the Market Seller shall
receive credit for Operating Reserves determined in accordance with Section 3.2.3(b), subject to
the limit on total compensation stated below. If the Effective Offer Price is less than or equal to
$1,000/MWh, regardless of when notice of a MaxGen Condition is provided, the Market Seller
shall receive credit for Operating Reserves determined in accordance with Section 3.2.3(b),
subject to the limit on total compensation stated below. For purposes of this subsection (n), the
Effective Offer Price shall be the amount that, absent subsections (l) and (n), would have been
credited for Operating Reserves for such Operating Day divided by the megawatt hours of
energy offered during the Specified Hours, plus the offer for energy during such hours. The
Specified Hours shall be the lesser of: (1) the minimum run hours stated by the Market Seller in
its Offer Data; and (2) either (i) for steam-electric generating units and for combined-cycle units
when such units are operating in combined-cycle mode, the six consecutive hours of highest
Day-ahead Price during such Operating Day when such units are running or (ii) for combustion
turbine units and for combined-cycle units when such units are operating in combustion turbine
mode, the two consecutive hours of highest Day-ahead Price during such Operating Day when
such units are running. Notwithstanding any other provision in this subsection, the total
compensation to a Market Seller on any Operating Day that includes a MaxGen Condition shall
not exceed $1,000/MWh during the Specified Hours, where such total compensation in each
such hour is defined as the amount that, absent subsections (l) and (n), would have been credited
for Operating Reserves for such Operating Day pursuant to Section 3.2.3(b) divided by the
Specified Hours, plus the Day-ahead Price for such hour, and no Operating Reserves payments
shall be made for any other hour of such Operating Day. If a unit operates in real time at the
direction of the Office of the Interconnection consistently with its day-ahead clearing, then
subsection (m) does not apply.
(o)
Dispatchable pool-scheduled generation resources and dispatchable selfscheduled generation resources that follow dispatch shall not be assessed balancing Operating
Reserve deviations. Pool-scheduled generation resources and dispatchable self-scheduled
generation resources that do not follow dispatch shall be assessed balancing Operating Reserve
deviations in accordance with the calculations described below and in the PJM Manuals.
The Office of the Interconnection shall calculate a ramp-limited desired MW value for
generation resources where the economic minimum and economic maximum are at least as far
apart in real-time as they are in day-ahead according to the following parameters:
(i)
real-time economic minimum <= 105% of day-ahead economic minimum
or day-ahead economic minimum plus 5 MW, whichever is greater.
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(ii)
real-time economic maximum >= 95% day-ahead economic maximum or
day-ahead economic maximum minus 5 MW, whichever is lower.
The ramp-limited desired MW value for a generation resource shall be equal to:
Ramp_Request =
t
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where:
1.
2.
3.
4.
5.

UDStarget = UDS basepoint for the previous UDS case
AOutput = Unit’s output at case solution time
UDSLAtime = UDS look ahead time
Case_Eff_time = Time between base point changes
RL_Desired = Ramp-limited desired MW

To determine if a generation resource is following dispatch the Office of the Interconnection
shall determine the unit’s MW off dispatch and % off dispatch by using the lesser of the
difference between the actual output and the UDS Basepoint or the actual output and ramplimited desired MW value for each Real-time Settlement Interval. If the UDS Basepoint and the
ramp-limited desired MW for the resource are unavailable, the Office of the Interconnection will
determine the unit’s MW off dispatch and % off dispatch by calculating the lesser of the
difference between the actual output and the UDS LMP Desired MW for each Real-time
Settlement Interval.
A pool-scheduled or dispatchable self-scheduled resource is considered to be following dispatch
if its actual output is between its ramp-limited desired MW value and UDS Basepoint, or if its %
off dispatch is <= 10, or its Real-time Settlement Interval MWh is within 5% of the Real-time
Settlement Interval ramp-limited desired MW. A self-scheduled generator must also be
dispatched above economic minimum. The degree of deviations for resources that are not
following dispatch shall be determined for each Real-time Settlement Interval in accordance with
the following provisions:
•

A dispatchable self-scheduled resource that is not dispatched above economic
minimum shall be assessed balancing Operating Reserve deviations according to the
following formula: Real-time Settlement Interval MWh – Day-Ahead MWh.

•

A resource that is dispatchable day-ahead but is Fixed Gen in real-time shall be
assessed balancing Operating Reserve deviations according to the following formula:
Real-time Settlement Interval MWh – UDS LMP Desired MW.
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•

Pool-scheduled generators that are not following dispatch shall be assessed balancing
Operating Reserve deviations according to the following formula: Real-time
Settlement Interval MWh – Ramp-Limited Desired MW.

•

If a resource’s real-time economic minimum is greater than its day-ahead economic
minimum by 5% or 5 MW, whichever is greater, or its real-time economic maximum
is less than its Day Ahead economic maximum by 5% or 5 MW, whichever is lower,
and UDS LMP Desired MWh for the Real-time Settlement Interval is either below the
real time economic minimum or above the real time economic maximum, then
balancing Operating Reserve deviations for the resource shall be assessed according
to the following formula: Real time Settlement Interval MWh – UDS LMP Desired
MWh.

•

If a resource is not following dispatch and its % Off Dispatch is <= 20%, balancing
Operating Reserve deviations shall be assessed according to the following formula:
Real-time Settlement Interval MWh – Ramp-Limited Desired MW. If deviation value
is within 5% of Ramp-Limited Desired MW, balancing Operating Reserve deviations
shall not be assessed.

•

If a resource is not following dispatch and its % off Dispatch is > 20%, balancing
Operating Reserve deviations shall be assessed according to the following formula:
Real time Settlement Interval MWh – UDS LMP Desired MWh.

•

If a resource is not following dispatch, and the resource has tripped, for the Real-time
Settlement Interval the resource tripped and the Real-time Settlement Intervals it
remains offline throughout its day-ahead schedule balancing Operating Reserve
deviations shall be assessed according to the following formula: Real time Settlement
Interval MWh – Day-Ahead MWh.

•

For resources that are not dispatchable in both the Day-Ahead and Real-time Energy
Markets balancing Operating Reserve deviations shall be assessed according to the
following formula: Real-time Settlement Interval MWh - Day-Ahead MWh.

If a resource has a sum of the absolute value of generator deviations for an hour that is less than
5 MWh, then the resource shall not be assessed balancing Operating Reserve deviations for that
hour.
(o-1) Dispatchable economic load reduction resources that follow dispatch shall not be
assessed balancing Operating Reserve deviations. Economic load reduction resources that do not
follow dispatch shall be assessed balancing Operating Reserve deviations as described in this
subsection and as further specified in the PJM Manuals.
The Desired MW quantity for such resources for each hour shall be the hourly integrated MW
quantity to which the load reduction resource was dispatched for each hour (where the hourly
integrated value is the average of the dispatched values as determined by the Office of the
Interconnection for the resource for each hour).
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If the actual reduction quantity for the load reduction resource for a given hour deviates by no
more than 20% above or below the Desired MW quantity, then no balancing Operating Reserve
deviation will accrue for that hour. If the actual reduction quantity for the load reduction
resource for a given hour is outside the 20% bandwidth, the balancing Operating Reserve
deviations will accrue for that hour in the amount of the absolute value of (Desired MW – actual
reduction quantity). For those hours where the actual reduction quantity is within the 20%
bandwidth specified above, the load reduction resource will be eligible to be made whole for the
total value of its offer as defined in section 3.3A of this Appendix. Hours for which the actual
reduction quantity is outside the 20% bandwidth will not be eligible for the make-whole
payment. If at least one hour is not eligible for make-whole payment based on the 20% criteria,
then the resource will also not be made whole for its shutdown cost.
(p)
The Office of the Interconnection shall allocate the charges assessed pursuant to
Section 3.2.3(h) of Schedule 1 of this Agreement except those associated with the scheduling of
units for Black Start service or testing of Black Start Units as provided in Schedule 6A of the
PJM Tariff, to real-time deviations from day-ahead schedules or real-time load share plus exports
depending on whether the underlying balancing Operating Reserve credits are related to
resources scheduled during the reliability analysis for an Operating Day, or during the actual
Operating Day.
(i)
For resources scheduled by the Office of the Interconnection during the
reliability analysis for an Operating Day, the associated balancing Operating Reserve
charges shall be allocated based on the reason the resource was scheduled according to
the following provisions:
(A)
If the Office of the Interconnection determines during the
reliability analysis for an Operating Day that a resource was 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, the associated balancing Operating Reserve charges shall be
allocated to real-time deviations from day-ahead schedules.
(B)
If the Office of the Interconnection determines during the
reliability analysis for an Operating Day that a resource was committed to
maintain system reliability, the associated balancing Operating Reserve charges
shall be allocated according to ratio share of real time load plus export
transactions.
(C)
If the Office of the Interconnection determines during the
reliability analysis for an Operating Day that a resource with a day-ahead
schedule is required to deviate from that schedule to provide balancing Operating
Reserves, the associated balancing Operating Reserve charges shall be allocated
pursuant to (A) or (B) above.
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(ii)
For resources scheduled during an Operating Day, the associated
balancing Operating Reserve charges shall be allocated according to the following
provisions:
(A)
If the Office of the Interconnection directs a resource to operate
during an Operating Day to provide balancing Operating Reserves, the associated
balancing Operating Reserve charges shall be allocated according to ratio share of
load plus exports. The foregoing notwithstanding, charges will be assessed
pursuant to this section only if the LMP at the resource’s bus does not meet or
exceed the applicable offer of the resource for at least four-5-minute intervals
during one or more discrete clock hours during each period the resource operated
and produced MWs during the relevant Operating Day. If a resource operated
and produced MWs for less than four 5-minute intervals during one or more
discrete clock hours during the relevant Operating Day, the charges for that
resource during the hour it was operated less than four 5-minute intervals will be
identified as being in the same category as identified for the Operating Reserves
for the other discrete clock hours.
(B)
If the Office of the Interconnection directs a resource not covered
by Section 3.2.3(h)(ii)(A) of Schedule 1 of this Agreement to operate in real-time
during an Operating Day, the associated balancing Operating Reserve charges
shall be allocated according to real-time deviations from day-ahead schedules.
(q)
The Office of the Interconnection shall determine regional balancing Operating
Reserve rates for the Western and Eastern Regions of the PJM Region. For the purposes of this
section, the Western Region shall be the AEP, APS, ComEd, Duquesne, Dayton, ATSI, DEOK,
EKPC transmission Zones, and the Eastern Region shall be the AEC, BGE, Dominion,
PENELEC, PEPCO, ME, PPL, JCPL, PECO, DPL, PSEG, RE transmission Zones. The regional
balancing Operating Reserve rates shall be determined in accordance with the following
provisions:
(i)
The Office of the Interconnection shall calculate regional adder rates for
the Eastern and Western Regions. Regional adder rates shall be equal to the total
balancing Operating Reserve credits paid to generators for transmission constraints that
occur on transmission system capacity equal to or less than 345kv. The regional adder
rates shall be separated into reliability and deviation charges, which shall be allocated to
real-time load or real-time deviations, respectively. Whether the underlying credits are
designated as reliability or deviation charges shall be determined in accordance with
Section 3.2.3(p).
(ii)
The Office of the Interconnection shall calculate RTO balancing
Operating Reserve rates. RTO balancing Operating Reserve rates shall be equal to
balancing Operating Reserve credits except those associated with the scheduling of units
for Black Start service or testing of Black Start Units as provided in Schedule 6A of the
PJM Tariff, in excess of the regional adder rates calculated pursuant to Section 3.2.3(q)(i)
of Schedule 1 of this Agreement. The RTO balancing Operating Reserve rates shall be
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separated into reliability and deviation charges, which shall be allocated to real-time load
or real-time deviations, respectively. Whether the underlying credits are allocated as
reliability or deviation charges shall be determined in accordance with Section 3.2.3(p).
(iii) Reliability and deviation regional balancing Operating Reserve rates shall
be determined by summing the relevant RTO balancing Operating Reserve rates and
regional adder rates.
(iv)
If the Eastern and/or Western Regions do not have regional adder rates,
the relevant regional balancing Operating Reserve rate shall be the reliability and/or
deviation RTO balancing Operating Reserve rate.
(r)
Market Sellers that incur incremental operating costs for a generation resource
that are either greater than $1,000/MWh as determined in accordance with the Market Seller’s
PJM-approved Fuel Cost Policy, Schedule 2 of the Operating Agreement and PJM Manual 15,
but are not verified at the time of dispatch of the resource under section 6.4.3 of this Schedule, or
greater than $2,000/MWh as determined in accordance with the Market Seller’s PJM-approved
Fuel Cost Policy, Schedule 2 of the Operating Agreement, and PJM Manual 15, will be eligible
to receive credit for Operating Reserves upon review of the Market Monitoring Unit and the
Office of the Interconnection, and approval of the Office of the Interconnection. Market Sellers
must submit to the Office of the Interconnection and the Market Monitoring Unit all relevant
documentation demonstrating the calculation of costs greater than $2,000/MWh, and costs
greater than $1,000/MWh which were not verified at the time of dispatch of the resource under
section 6.4.3 of this Schedule. The Office of the Interconnection must approve any Operating
Reserve credits paid to a Market Seller under this subsection (r).
3.2.3A Synchronized Reserve.
(a)
Each Market Participant that is a Load Serving Entity that is not part of an
agreement to share reserves with external entities subject to the requirements in BAL-002 shall have
an obligation for hourly Synchronized Reserve equal to its pro rata share of Synchronized
Reserve requirements for the hour for each Reserve Zone and Reserve Sub-zone of the PJM
Region, based on the Market Participant’s total load (net of operating Behind The Meter
Generation, but not to be less than zero) in such Reserve Zone or Reserve Sub-zone for the hour
(“Synchronized Reserve Obligation”), less any amount obtained from condensers associated with
provision of Reactive Services as described in section 3.2.3B(i) and any amount obtained from
condensers associated with post-contingency operations, as described in section 3.2.3C(b).
Those entities that participate in an agreement to share reserves with external entities subject to the
requirements in BAL-002 shall have their reserve obligations determined based on the stipulations in
such agreement. A Market Participant with an hourly Synchronized Reserve Obligation shall be
charged the pro rata share of the sum of the quantity of Synchronized Reserves provided in each
Real-time Settlement Interval times the clearing price for all Real-time Settlement Intervals in
the hour associated with that obligation.
(b)
A resource supplying Synchronized Reserve at the direction of the Office of the
Interconnection, in excess of its hourly Synchronized Reserve Obligation, shall be credited as
follows:
Page 35

i)
Credits for Synchronized Reserve provided by generation resources that
are then subject to the energy dispatch signals and instructions of the Office of the
Interconnection and that increase their current output or Demand Resources that reduce
their load in response to a Synchronized Reserve Event (“Tier 1 Synchronized Reserve”)
shall be at the Synchronized Energy Premium Price, as described in 3.2.3A (c), with the
exception of those Real-time Settlement Intervals in which the Non-Synchronized
Reserve Market Clearing Price for the applicable Reserve Zone or Reserve Sub-zone is
not equal to zero. During such hours, Tier 1 Synchronized Reserve resources shall be
compensated at the Synchronized Reserve Market Clearing Price for the applicable
Reserve Zone or Reserve Sub-zone for the lesser of the amount of Tier 1 Synchronized
Reserve attributed to the resource as calculated by the Office of the Interconnection, or
the actual amount of Tier 1 Synchronized Reserve provided should a Synchronized
Reserve Event occur in a Real-time Settlement Interval.
ii)
Credits for Synchronized Reserve provided by generation resources that
are synchronized to the grid but, at the direction of the Office of the Interconnection, are
operating at a point that deviates from the Office of the Interconnection energy dispatch
signals and instructions (“Tier 2 Synchronized Reserve”) shall be the higher of (i) the
Synchronized Reserve Market Clearing Price or (ii) the sum of (A) the Synchronized
Reserve offer, and (B) the specific opportunity cost of the generation resource supplying
the increment of Synchronized Reserve, as determined by the Office of the
Interconnection to a Synchronized Reserve Event in a Real-time Settlement Interval in
accordance with procedures specified in the PJM Manuals.
iii)
Credits for Synchronized Reserve provided by Demand Resources that are
synchronized to the grid and accept the obligation to reduce load in response to a
Synchronized Reserve Event in a Real-time Settlement Interval initiated by the Office of
the Interconnection shall be the sum of (i) the higher of (A) the Synchronized Reserve
offer or (B) the Synchronized Reserve Market Clearing Price and (ii) if a Synchronized
Reserve Event is actually initiated by the Office of the Interconnection and the Demand
Resource reduced its load in response to the event, the fixed costs associated with
achieving the load reduction, as specified in the PJM Manuals.
(c)
The Synchronized Reserve Energy Premium Price is an adder in an amount to be
determined periodically by the Office of the Interconnection not less than fifty dollars and not to
exceed one hundred dollars per megawatt hour.
(d)
The Synchronized Reserve Market Clearing Price shall be determined for each
Reserve Zone and Reserve Sub-zone by the Office of the Interconnection for each Real-time
Settlement Interval of the Operating Day. The hourly Synchronized Reserve Market Clearing
Price shall be calculated as the 5-minute clearing price. Each 5-minute clearing price shall be
calculated as the marginal cost of serving the next increment of demand for Synchronized
Reserve in each Reserve Zone or Reserve Sub-zone, inclusive of Synchronized Reserve offer
prices and opportunity costs. When the Synchronized Reserve Requirement or Extended
Synchronized Reserve Requirement in a Reserve Zone or Reserve Sub-zone cannot be met, the
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5-minute clearing price shall be at least greater than or equal to the applicable Reserve Penalty
Factor for the Reserve Zone or Reserve Sub-zone, but less than or equal to the sum of the
Reserve Penalty Factors for the Synchronized Reserve Requirement and Primary Reserve
Requirement for the Reserve Zone or Reserve Sub-zone. If the Office of the Interconnection
has initiated in a Reserve Zone or Reserve Sub-zone either a Voltage Reduction Action as
described in the PJM Manuals or a Manual Load Dump Action as described in the PJM Manuals,
the 5-minute clearing price shall be the sum of the Reserve Penalty Factors for the Primary
Reserve Requirement and the Synchronized Reserve Requirement for that Reserve Zone or
Reserve Sub-zone.
The Reserve Penalty Factor for the Synchronized Reserve Requirement shall be $850/MWh.
The Reserve Penalty Factor for the Extended Synchronized Reserve Requirement shall be
$300/MWh.
By no later than April 30 of each year, the Office of the Interconnection will analyze Market
Participants’ response to prices exceeding $1,000/MWh on an annual basis and will provide its
analysis to PJM stakeholders. The Office of the Interconnection will also review this analysis to
determine whether any changes to the Synchronized Reserve Penalty Factors are warranted for
subsequent Delivery Year(s).
(e)
For each Real-time Settlement Interval and for determining the 5-minute
Synchronized Reserve clearing price, the estimated unit-specific opportunity cost for a
generation resource will be determined in accordance with the following equation:
(A x B) + (C x D)
Where:
A = The Locational Marginal Price at the generation bus for the generation resource;
B = The megawatts of energy used to provide Synchronized Reserve submitted as part of
the Synchronized Reserve offer;
C = The deviation of the set point of the generation resource that is expected to be
required in order to provide Synchronized Reserve from the generation resource’s expected
output level if it had been dispatched in economic merit order;and
D=The difference between the Locational Marginal Price at the generation bus for the
generation resource and the offer price for energy from the generation resource (at the megawatt
level of the Synchronized Reserve set point for the resource) in the PJM Interchange Energy
Market when the Locational Marginal Price at the generation bus is greater than the offer price
for energy from the generation resource.
The opportunity costs for a Demand Resource shall be zero.
(f)
In determining the credit under subsection (b) to a resource selected to provide
Tier 2 Synchronized Reserve and that actively follows the Office of the Interconnection’s signals
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and instructions, the unit-specific opportunity cost of a generation resource shall be determined
for each Real-time Settlement Interval that the Office of the Interconnection requires a generation
resource to provide Tier 2 Synchronized Reserve and shall be in accordance with the following
equation:
(A x B) + (C x D)
Where:
A = The megawatts of energy used by the resource to provide Synchronized Reserve as
submitted as part of the generation resource’s Synchronized Reserve offer;
B = The Locational Marginal Price at the generation bus of the generation resource;
C = The deviation of the generation resource’s output necessary to follow the Office of
the Interconnection’s signals and instructions from the generation resource’s expected output
level if it had been dispatched in economic merit order; and
D = The difference between the Locational Marginal Price at the generation bus for the
generation resource and the offer price for energy from the generation resource (at the megawatt
level of the Synchronized Reserve set point for the generation resource) in the PJM Interchange
Energy Market when the Locational Marginal Price at the generation bus is greater than the offer
price for energy from the generation resource.
The opportunity costs for a Demand Resource shall be zero.
(g)
Charges for Tier 1 Synchronized Reserve will be allocated in proportion to the
amount of Tier 1 Synchronized Reserve applied to each Synchronized Reserve Obligation. In
the event Tier 1 Synchronized Reserve is provided by a Market Participant in excess of that
Market Participant’s Synchronized Reserve Obligation, the Tier 1 Synchronized Reserve that is
not utilized to fulfill the Market Participant’s obligation will be allocated proportionately among
all other Synchronized Reserve Obligations.
(h)
Any amounts credited for Tier 2 Synchronized Reserve in a Real-time Settlement
Interval in excess of the Synchronized Reserve Market Clearing Price in that Real-time
Settlement Interval shall be allocated and charged to each Market Participant that does not meet
its hourly Synchronized Reserve Obligation in proportion to its purchases of Synchronized
Reserve in megawatt-hours during that hour.
(i)
In the event the Office of the Interconnection needs to assign more Tier 2
Synchronized Reserve during a Real-time Settlement Interval than was estimated as needed at the
time the Synchronized Reserve Market Clearing Price was calculated for that Real-time
Settlement Interval due to a reduction in available Tier 1 Synchronized Reserve, the costs of the
excess Tier 2 Synchronized Reserve shall be allocated and charged to those providers of Tier 1
Synchronized Reserve whose available Tier 1 Synchronized Reserve was reduced from the
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needed amount estimated during the Synchronized Reserve Market Clearing Price calculation, in
proportion to the amount of the reduction in Tier 1 Synchronized Reserve availability.
(j)
In the event a generation resource or Demand Resource that either has been
assigned by the Office of the Interconnection or self-scheduled to provide Tier 2 Synchronized
Reserve fails to provide the assigned or self-scheduled amount of Tier 2 Synchronized Reserve
in response to a Synchronized Reserve Event, the resource will be credited for Tier 2
Synchronized Reserve capacity in the amount that actually responded for all Real-time
Settlement Intervals the resource was assigned or self-scheduled Tier 2 Synchronized Reserve on
the Operating Day during which the event occurred. The determination of the amount of
Synchronized Reserve credited to a resource shall be on an individual resource basis, not on an
aggregate basis.
The resource shall refund payments received for Tier 2 Synchronized Reserve it failed to
provide. For purposes of determining the amount of the payments to be refunded by a Market
Participant, the Office of the Interconnection shall calculate the shortfall of Tier 2 Synchronized
Reserve on an individual resource basis unless the Market Participant had multiple resources that
were assigned or self-scheduled to provide Tier 2 Synchronized Reserve, in which case the
shortfall will be determined on an aggregate basis. For performance determined on an aggregate
basis, the response of any resource that provided more Tier 2 Synchronized Reserve than it was
assigned or self-scheduled to provide will be used to offset the performance of other resources
that provided less Tier 2 Synchronized Reserve than they were assigned or self-scheduled to
provide during a Synchronized Reserve Event, as calculated in the PJM Manuals. The
determination of a Market Participant’s aggregate response shall not be taken into consideration
in the determination of the amount of Tier 2 Synchronized Reserve credited to each individual
resource.
The amount refunded shall be determined by multiplying the Synchronized Reserve Market
Clearing Price by the amount of the shortfall of Tier 2 Synchronized Reserve, measured in
megawatts, for all intervals the resource was assigned or self-scheduled to provide Tier 2
Synchronized Reserve for a period of time immediately preceding the Synchronized Reserve
Event equal to the lesser of the average number of days between Synchronized Reserve Events,
or the number of days since the resource last failed to provide the amount of Tier 2 Synchronized
Reserve it was assigned or self-scheduled to provide in response to a Synchronized Reserve
Event. The average number of days between Synchronized Reserve Events for purposes of this
calculation shall be determined by an annual review of the twenty-four month period ending
October 31 of the calendar year in which the review is performed, and shall be rounded down to
a whole day value. The Office of the Interconnection shall report the results of its annual review
to stakeholders by no later than December 31, and the average number of days between
Synchronized Reserve Events shall be effective as of the following January 1. The refunded
charges shall be allocated as credits to Market Participants based on its pro rata share of the
Synchronized Reserve Obligation megawatts less any Tier 1 Synchronized Reserve applied to its
Synchronized Reserve Obligation in the hour(s) of the Synchronized Reserve Event for the
Reserve Sub-zone or Reserve Zone, except that Market Participants that incur a refund obligation
and also have an applicable Synchronized Reserve Obligation during the hour(s) of the
Synchronized Reserve Event shall not be included in the allocation of such refund credits. If the

Page 39

event spans multiple hours, the refund credits will be prorated hourly based on the duration of
the event within each clock hour.
(k)
The magnitude of response to a Synchronized Reserve Event by a generation
resource or a Demand Resource, except for Batch Load Demand Resources covered by section
3.2.3A(l), is the difference between the generation resource’s output or the Demand Resource’s
consumption at the start of the event and its output or consumption 10 minutes after the start of
the event. In order to allow for small fluctuations and possible telemetry delays, generation
resource output or Demand Resource consumption at the start of the event is defined as the
lowest telemetered generator resource output or greatest Demand Resource consumption
between one minute prior to and one minute following the start of the event. Similarly, a
generation resource's output or a Demand Resource's consumption 10 minutes after the event is
defined as the greatest generator resource output or lowest Demand Resource consumption
achieved between 9 and 11 minutes after the start of the event. The response actually credited to
a generation resource will be reduced by the amount the megawatt output of the generation
resource falls below the level achieved after 10 minutes by either the end of the event or after 30
minutes from the start of the event, whichever is shorter. The response actually credited to a
Demand Resource will be reduced by the amount the megawatt consumption of the Demand
Resource exceeds the level achieved after 10 minutes by either the end of the event or after 30
minutes from the start of the event, whichever is shorter.
(l)
The magnitude of response by a Batch Load Demand Resource that is at the stage
in its production cycle when its energy consumption is less than the level of megawatts in its
offer at the start of a Synchronized Reserve Event shall be the difference between (i) the Batch
Load Demand Resource’s consumption at the end of the Synchronized Reserve Event and (ii) the
Batch Load Demand Resource’s consumption during the minute within the ten minutes after the
end of the Synchronized Reserve Event in which the Batch Load Demand Resource’s
consumption was highest and for which its consumption in all subsequent minutes within the ten
minutes was not less than fifty percent of the consumption in such minute; provided that, the
magnitude of the response shall be zero if, when the Synchronized Reserve Event commences,
the scheduled off-cycle stage of the production cycle is greater than ten minutes. .
3.2.3A.001 Non-Synchronized Reserve.
(a)
Each Market Participant that is a Load Serving Entity that is not part of an
agreement to share reserves with external entities subject to the requirements in BAL-002 shall have
an obligation for hourly Non-Synchronized Reserve equal to its pro rata share of NonSynchronized Reserve assigned for the hour for each Reserve Zone and Reserve Sub-zone of the
PJM Region, based on the Market Participant’s total load (net of operating Behind The Meter
Generation, but not to be less than zero) in such Reserve Zone and Reserve Sub-zone for the
hour (“Non-Synchronized Reserve Obligation”). Those entities that participate in an agreement to
share reserves with external entities subject to the requirements in BAL-002 shall have their reserve
obligations determined based on the stipulations in such agreement. A Market Participant with an
hourly Non-Synchronized Reserve Obligation shall be charged the pro rata share of the sum of
the quantity of Non-Synchronized Reserves provided in each Real-time Settlement Interval times
the clearing price for all Real-time Settlement Intervals in the hour associated with that
obligation.
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(b)
Credits for Non-Synchronized Reserve provided by generation resources that are
not operating for energy at the direction of the Office of the Interconnection specifically for the
purpose of providing Non-Synchronized Reserve shall be the higher of (i) the Non-Synchronized
Reserve Market Clearing Price or (ii) the specific opportunity cost of the generation resource
supplying the increment of Non-Synchronized Reserve, as determined by the Office of the
Interconnection in accordance with procedures specified in the PJM Manuals.
(c)
The Non-Synchronized Reserve Market Clearing Price shall be determined for
each Reserve Zone and Reserve Sub-zone by the Office of the Interconnection for each Realtime Settlement Interval of the Operating Day. The Non-Synchronized Reserve Market Clearing
Price shall be calculated as the 5-minute clearing price. Each 5-minute clearing price shall be
calculated as the marginal cost of procuring sufficient Non-Synchronized Reserves and/or
Synchronized Reserves in each Reserve Zone or Reserve Sub-zone inclusive of opportunity costs
associated with meeting the Primary Reserve Requirement or Extended Primary Reserve
Requirement. When the Primary Reserve Requirement or Extended Primary Reserve
Requirement in a Reserve Zone or Reserve Sub-zone cannot be met at a price less than or equal
to the applicable Reserve Penalty Factor, the 5-minute clearing price for Non-Synchronized
Reserve shall be at least greater than or equal to the applicable Reserve Penalty Factor for the
Reserve Zone or Reserve Sub-zone, but less than or equal to the Reserve Penalty Factor for the
Primary Reserve Requirement for the Reserve Zone or Reserve Sub-zone. If the Office of the
Interconnection has initiated in a Reserve Zone or Reserve Sub-zone either a Voltage Reduction
Action as described in the PJM Manuals or a Manual Load Dump Action as described in the PJM
Manuals, the 5-minute clearing price shall be the Reserve Penalty Factor for the Primary Reserve
Requirement for that Reserve Zone or Reserve Sub-zone.
The Reserve Penalty Factor for the Synchronized Reserve Requirement shall be $850/MWh.
The Reserve Penalty Factor for the Extended Primary Reserve Requirement shall be $300/MWh.
By no later than April 30 of each year, the Office of the Interconnection will analyze Market
Participants’ response to prices exceeding $1,000/MWh on an annual basis and will provide its
analysis to PJM stakeholders. The Office of the Interconnection will also review this analysis to
determine whether any changes to the Primary Reserve Penalty Factors are warranted for
subsequent Delivery Year(s).
(d)
For each Real-time Settlement Interval and for determining the 5-minute NonSynchronized Reserve clearing price, the unit-specific opportunity cost for a generation resource
that is not providing energy because they are providing Non-Synchronized Reserves will be
determined in accordance with the following equation:
(A x B) – C
Where:
A = The deviation of the generation resource’s output necessary to follow the Office of
the Interconnection’s signals and instructions from the generation resource’s expected output
level if it had been dispatched in economic merit order;
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B =The Locational Marginal Price at the generation bus for the generation resource; and
‘
C =The applicable offer for energy from the generation resource in the PJM Interchange
Energy Market.
(e)
In determining the credit under subsection (b) to a resource selected to provide
Non-Synchronized Reserve and that follows the Office of the Interconnection’s signals and
instructions, the unit-specific opportunity cost of a generation resource shall be determined for
each Real-time Settlement Interval that the Office of the Interconnection requires a generation
resource to provide Non- Synchronized Reserve and shall be in accordance with the following
equation:
(A x B) – C
Where:
A = The deviation of the generation resource’s output necessary to follow the Office of
the Interconnection’s signals and instructions from the generation resource’s expected
output level if it had been dispatched in economic merit order;
B = The Locational Marginal Price at the generation bus for the generation resource; and
C = The applicable offer for energy from the generation resource in the PJM Interchange
Energy Market.

(f)
Any amounts credited for Non-Synchronized Reserve in a Real-time Settlement
Interval in excess of the Non-Synchronized Reserve Market Clearing Price in that Real-time
Settlement Interval shall be allocated and charged to each Market Participant that does not meet
its hourly Non-Synchronized Reserve Obligation in proportion to its purchases of NonSynchronized Reserve in megawatt-hours during that hour.
(g)
The magnitude of response to a Non-Synchronized Reserve Event by a generation
resource is the difference between the generation resource’s output at the start of the event and
its output 10 minutes after the start of the event. In order to allow for small fluctuations and
possible telemetry delays, generation resource output at the start of the event is defined as the
lowest telemetered generator resource output between one minute prior to and one minute
following the start of the event. Similarly, a generation resource's output 10 minutes after the
start of the event is defined as the greatest generator resource output achieved between 9 and 11
minutes after the start of the event. The response actually credited to a generation resource will
be reduced by the amount the megawatt output of the generation resource falls below the level
achieved after 10 minutes by either the end of the event or after 30 minutes from the start of the
event, whichever is shorter.
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(h)
In the event a generation resource that has been assigned by the Office of the
Interconnection to provide Non-Synchronized Reserve fails to provide the assigned amount of
Non-Synchronized Reserve in response to a Non-Synchronized Reserve Event, the resource will
be credited for Non-Synchronized Reserve capacity in the amount that actually responded for the
contiguous Real-time Settlement Interval the resource was assigned Non-Synchronized Reserve
during which the event occurred.

3.2.3A.01 Day-ahead Scheduling Reserves.
(a)
The Office of the Interconnection shall satisfy the Day-ahead Scheduling
Reserves Requirement by procuring Day-ahead Scheduling Reserves in the Day-ahead
Scheduling Reserves Market from Day-ahead Scheduling Reserves Resources, provided that
Demand Resources shall be limited to providing the lesser of any limit established by the
Reliability First Corporation or SERC, as applicable, or twenty-five percent of the total Dayahead Scheduling Reserves Requirement. Day-ahead Scheduling Reserves Resources that clear
in the Day-ahead Scheduling Reserves Market shall receive a Day-ahead Scheduling Reserves
schedule from the Office of the Interconnection for the relevant Operating Day. PJMSettlement
shall be the Counterparty to the purchases and sales of Day-ahead Scheduling Reserves in the
PJM Interchange Energy Market; provided that PJMSettlement shall not be a contracting party to
bilateral transactions between Market Participants or with respect to a self-schedule or selfsupply of generation resources by a Market Buyer to satisfy its Day-ahead Scheduling Reserves
Requirement.
(b)
A Day-ahead Scheduling Reserves Resource that receives a Day-ahead
Scheduling Reserves schedule pursuant to subsection (a) of this section shall be paid the hourly
Day-ahead Scheduling Reserves Market clearing price for the cleared megawatt quantity of Dayahead Scheduling Reserves in each hour of the schedule, subject to meeting the requirements of
subsection (c) of this section.
(c)
To be eligible for payment pursuant to subsection (b) of this section, Day-ahead
Scheduling Reserves Resources shall comply with the following provisions:
(i)
Generation resources with a start time greater than thirty minutes are
required to be synchronized and operating at the direction of the Office of the
Interconnection during the resource’s Day-ahead Scheduling Reserves schedule and shall
have a dispatchable range equal to or greater than the Day-ahead Scheduling Reserves
schedule.
(ii)
Generation resources and Demand Resources with start times or shutdown times, respectively, equal to or less than 30 minutes are required to respond to
dispatch directives from the Office of the Interconnection during the resource’s Dayahead Scheduling Reserves schedule. To meet this requirement the resource shall be
required to start or shut down within the specified notification time plus its start or shut
down time, provided that such time shall be less than thirty minutes.
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(iii) Demand Resources with a Day-ahead Scheduling Reserves schedule shall
be credited based on the difference between the resource’s MW consumption at the time
the resource is directed by the Office of the Interconnection to reduce its load (starting
MW usage) and the resource’s MW consumption at the time when the Demand Resource
is no longer dispatched by PJM (ending MW usage). For the purposes of this subsection,
a resource’s starting MW usage shall be the greatest telemetered consumption between
one minute prior to and one minute following the issuance of a dispatch instruction from
the Office of the Interconnection, and a resource’s ending MW usage shall be the lowest
consumption between one minute before and one minute after a dispatch instruction from
the Office of the Interconnection that is no longer necessary to reduce.
(iv)
Notwithstanding subsection (iii) above, the credit for a Batch Load
Demand Resource that is at the stage in its production cycle when its energy consumption
is less than the level of megawatts in its offer at the time the resource is directed by the
Office of the Interconnection to reduce its load shall be the difference between (i) the
“ending MW usage” (as defined above) and (ii) the Batch Load Demand Resource’s
consumption during the minute within the ten minutes after the time of the “ending MW
usage” in which the Batch Load Demand Resource’s consumption was highest and for
which its consumption in all subsequent minutes within the ten minutes was not less than
fifty percent of the consumption in such minute; provided that, the credit shall be zero if,
at the time the resource is directed by the Office of the Interconnection to reduce its load,
the scheduled off-cycle stage of the production cycle is greater than the timeframe for
which the resource was dispatched by PJM.
Resources that do not comply with the provisions of this subsection (c) shall not be eligible to
receive credits pursuant to subsection (b) of this section.
(d) The hourly credits paid to Day-ahead Scheduling Reserves Resources satisfying the Base
Day-ahead Scheduling Reserves Requirement (“Base Day-ahead Scheduling Reserves credits”)
shall equal the ratio of the Base Day-ahead Scheduling Reserves Requirement to the Day-ahead
Scheduling Reserves Requirement, multiplied by the total credits paid to Day-ahead Scheduling
Reserves Resources, and are allocated as Base Day-ahead Scheduling Reserves charges per
paragraph (i) below. The hourly credits paid to Day-ahead Scheduling Reserve Resources
satisfying the Additional Day-ahead Scheduling Reserve Requirement (“Additional Day-ahead
Scheduling Reserves credits”) shall equal the ratio of the Additional Day-ahead Scheduling
Reserves Requirement to the Day-ahead Scheduling Reserves Requirement, multiplied by the
total credits paid to Day-ahead Scheduling Reserves Resources and are allocated as Additional
Day-ahead Scheduling Reserves charges per paragraph (ii) below.
(i)

A Market Participant’s Base Day-ahead Scheduling Reserves charge is equal to
the ratio of the Market Participant’s hourly obligation to the total hourly
obligation of all Market Participants in the PJM Region, multiplied by the Base
Day-ahead Scheduling Reserves credits. The hourly obligation for each Market
Participant is a megawatt representation of the portion of the Base Day-ahead
Scheduling Reserves credits that the Market Participant is responsible for paying
to PJM. The hourly obligation is equal to the Market Participant’s load ratio
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share of the total megawatt volume of Base Day-ahead Scheduling Reserves
resources (described below), based on the Market Participant’s total hourly load
(net of operating Behind The Meter Generation, but not to be less than zero) to the
total hourly load of all Market Participants in the PJM Region. The total
megawatt volume of Base Day-ahead Scheduling Reserves resources equals the
ratio of the Base Day-ahead Scheduling Reserves Requirement to the Day-ahead
Scheduling Reserves Requirement multiplied by the total volume of Day-ahead
Scheduling Reserves megawatts paid pursuant to paragraph (c) of this section. A
Market Participant’s hourly Day-ahead Scheduling Reserves obligation can be
further adjusted by any Day-ahead Scheduling Reserve bilateral transactions.
(ii)

Additional Day-ahead Scheduling Reserves credits shall be charged hourly to
Market Participants that are net purchasers in the Day-ahead Energy Market based
on its positive demand difference ratio share. The positive demand difference for
each Market Participant is the difference between its real-time load (net of
operating Behind The Meter Generation, but not to be less than zero) and cleared
Demand Bids in the Day-ahead Energy Market, net of cleared Increment Offers
and cleared Decrement Bids in the Day-ahead Energy Market, when such value is
positive. Net purchasers in the Day-ahead Energy Market are those Market
Participants that have cleared Demand Bids plus cleared Decrement Bids in
excess of its amount of cleared Increment Offers in the Day-ahead Energy
Market. If there are no Market Participants with a positive demand difference, the
Additional Day-ahead Scheduling Reserves credits are allocated according to
paragraph (i) above.

(e)
If the Day-ahead Scheduling Reserves Requirement is not satisfied through the
operation of subsection (a) of this section, any additional Operating Reserves required to meet
the requirement shall be scheduled by the Office of the Interconnection pursuant to Section 3.2.3
of Schedule 1 of this Agreement.
3.2.3B Reactive Services.
(a)
A Market Seller providing Reactive Services at the direction of the Office of the
Interconnection shall be credited as specified below for the operation of its resource. These
provisions are intended to provide payments to generating units when the LMP dispatch
algorithms would not result in the dispatch needed for the required reactive service. LMP will be
used to compensate generators that are subject to redispatch for reactive transfer limits.
(b)
At the end of each Operating Day, where the active energy output of a Market
Seller’s resource is reduced or suspended at the request of the Office of the Interconnection for
the purpose of maintaining reactive reliability within the PJM Region, the Market Seller shall be
credited according to Sections 3.2.3B(c) & 3.2.3B(d).
(c)
A Market Seller providing Reactive Services from either a steam-electric
generating unit or combined cycle unit operating in combined cycle mode, where such unit is
pool-scheduled (or self-scheduled, if operating according to Section 1.10.3 (c) hereof), and
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where the real time LMP at the unit’s bus is higher than the price offered by the Market Seller
for energy from the unit at the level of output requested by the Office of the Interconnection (as
indicated either by the desired MWs of output from the unit determined by PJM’s unit dispatch
system or as directed by the PJM dispatcher through a manual override) shall be compensated for
lost opportunity cost by receiving a credit in an amount equal to the product of (A) the deviation
of the generating unit’s output necessary to follow the Office of the Interconnection’s signals and
the generating unit’s expected output level if it had been dispatched in economic merit order,
times (B) the Real-time Price at the generation bus for the generating unit, minus (C) the Total
Lost Opportunity Cost Offer, provided that the resulting outcome is greater than $0.00. This
equation is represented as (A*B) - C.
(d)
A Market Seller providing Reactive Services from either a combustion turbine
unit or combined cycle unit operating in simple cycle mode that is pool scheduled (or selfscheduled, if operating according to Section 1.10.3 (c) hereof), operated as requested by the
Office of the Interconnection, shall be compensated for lost opportunity cost, limited to the lesser
of the unit’s Economic Maximum or the unit’s Generation Resource Maximum Output, if the
unit output is reduced at the direction of the Office of the Interconnection and the real time LMP
at the unit’s bus is higher than the price offered by the Market Seller for energy from the unit at
the level of output requested by the Office of the Interconnection as directed by the PJM
dispatcher, then the Market Seller shall be credited in a manner consistent with that described
above in Section 3.2.3B(c) for a steam unit or a combined cycle unit operating in combined cycle
mode.
(e)
At the end of each Operating Day, where the active energy output of a Market
Seller’s unit is increased at the request of the Office of the Interconnection for the purpose of
maintaining reactive reliability within the PJM Region and the offered price of the energy is
above the real-time LMP at the unit’s bus, the Market Seller shall be credited according to
Section 3.2.3B(f).
(f)
A Market Seller providing Reactive Services from either a steam-electric
generating unit, combined cycle unit or combustion turbine unit, where such unit is pool
scheduled (or self-scheduled, if operating according to Section 1.10.3 (c) hereof), and where the
real time LMP at the unit’s bus is lower than the price offered by the Market Seller for energy
from the unit at the level of output requested by the Office of the Interconnection (as indicated
either by the desired MWs of output from the unit determined by PJM’s unit dispatch system or
as directed by the PJM dispatcher through a manual override), shall receive a credit hourly in an
amount equal to {(AG - LMPDMW) x (UB - URTLMP)}where:
AG equals the actual output of the unit;
LMPDMW equals the level of output for the unit determined according to the
point on the scheduled offer curve on which the unit was operating corresponding
to the real time LMP at the unit’s bus and adjusted for any Regulation or Tier 2
Synchronized Reserve assignments;
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UB equals the unit offer for that unit for which output is increased, determined
according to the lesser of the Final Offer or Committed Offer;
URTLMP equals the real time LMP at the unit’s bus; and
where UB - URTLMP shall not be negative.
(g)
A Market Seller providing Reactive Services from a hydroelectric resource where
such resource is pool scheduled (or self-scheduled, if operating according to Section 1.10.3 (c)
hereof), and where the output of such resource is altered from the schedule submitted by the
Market Seller for the purpose of maintaining reactive reliability at the request of the Office of the
Interconnection, shall be compensated for lost opportunity cost in the same manner as provided
in sections 3.2.2(d) and 3.2.3A(f) and further detailed in the PJM Manuals.
(h)
If a Market Seller believes that, due to specific pre-existing binding commitments
to which it is a party, and that properly should be recognized for purposes of this section, the
above calculations do not accurately compensate the Market Seller for lost opportunity cost
associated with following the Office of the Interconnection’s dispatch instructions to reduce or
suspend a unit’s output for the purpose of maintaining reactive reliability, then the Office of the
Interconnection, the Market Monitoring Unit and the individual Market Seller will discuss a
mutually acceptable, modified amount of such alternate lost opportunity cost compensation,
taking into account the specific circumstances binding on the Market Seller. Following such
discussion, if the Office of the Interconnection accepts a modified amount of alternate lost
opportunity cost compensation, the Office of the Interconnection shall invoice the Market
Participant accordingly. If the Market Monitoring Unit disagrees with the modified amount of
alternate lost opportunity cost compensation, as accepted by the Office of the Interconnection, it
will exercise its powers to inform the Commission staff of its concerns.
(i)
The amount of Synchronized Reserve provided by generating units maintaining
reactive reliability shall be counted as Synchronized Reserve satisfying the overall PJM
Synchronized Reserve requirements. Operators of these generating units shall be notified of
such provision, and to the extent a generating unit’s operator indicates that the generating unit is
capable of providing Synchronized Reserve, shall be subject to the same requirements contained
in Section 3.2.3A regarding provision of Tier 2 Synchronized Reserve. At the end of each
Operating Day, to the extent a condenser operated to provide Reactive Services also provided
Synchronized Reserve, a Market Seller shall be credited for providing synchronous condensing
for the purpose of maintaining reactive reliability at the request of the Office of the
Interconnection, in an amount equal to the higher of (i) the Synchronized Reserve Market
Clearing Price for each Real-time Settlement Interval a generating unit provided synchronous
condensing multiplied by the amount of Synchronized reserve provided by the synchronous
condenser or (ii) the sum of (A) the generating unit’s cost to provide synchronous condensing,
calculated in accordance with the PJM Manuals, (B) the product of MW energy usage for
providing synchronous condensing multiplied by the real time LMP at the generating unit’s bus,
(C) the generating unit’s startup-cost of providing synchronous condensing, and (D) the unitspecific lost opportunity cost of the generating resource supplying the increment of Synchronized
Reserve as determined by the Office of the Interconnection in accordance with procedures
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specified in the PJM Manuals. To the extent a condenser operated to provide Reactive Services
was not also providing Synchronized Reserve, the Market Seller shall be credited only for the
generating unit’s cost to condense, as described in (ii) above. The total Synchronized Reserve
Obligations of all Load Serving Entities under section 3.2.3A(a) in the zone where these
condensers are located shall be reduced by the amount counted as satisfying the PJM
Synchronized Reserve requirements. The Synchronized Reserve Obligation of each Load
Serving Entity in the zone under section 3.2.3A(a) shall be reduced to the same extent that the
costs of such condensers counted as Synchronized Reserve are allocated to such Load Serving
Entity pursuant to subsection (l) below.
(j)
A Market Seller’s pool scheduled steam-electric generating unit or combined
cycle unit operating in combined cycle mode, that is not committed to operate in the Day-ahead
Market, but that is directed by the Office of the Interconnection to operate solely for the purpose
of maintaining reactive reliability, at the request of the Office of the Interconnection, shall be
credited in the amount of the unit’s offered price for start-up and no-load fees. The unit also
shall receive, if applicable, compensation in accordance with Sections 3.2.3B(e)-(f).
(k)
The sum of the foregoing credits as specified in Sections 3.2.3B(b)-(j) shall be the
cost of Reactive Services for the purpose of maintaining reactive reliability for the Operating
Day and shall be separately determined for each transmission zone in the PJM Region based on
whether the resource was dispatched for the purpose of maintaining reactive reliability in such
transmission zone.
(l)
The cost of Reactive Services for the purpose of maintaining reactive reliability in
a transmission zone in the PJM Region for each Operating Day shall be allocated and charged to
each Market Participant in proportion to its deliveries of energy to load (net of operating Behind
The Meter Generation) in such transmission zone, served under Network Transmission Service,
in megawatt-hours during that Operating Day, as compared to all such deliveries for all Market
Participants in such transmission zone.
(m)
Generating units receiving dispatch instructions from the Office of the
Interconnection under the expectation of increased actual or reserve reactive shall inform the
Office of the Interconnection dispatcher if the requested reactive capability is not achievable.
Should the operator of a unit receiving such instructions realize at any time during which said
instruction is effective that the unit is not, or likely would not be able to, provide the requested
amount of reactive support, the operator shall as soon as practicable inform the Office of the
Interconnection dispatcher of the unit’s inability, or expected inability, to provide the required
reactive support, so that the associated dispatch instruction may be cancelled. PJM Performance
Compliance personnel will audit operations after-the-fact to determine whether a unit that has
altered its active power output at the request of the Office of the Interconnection has provided the
actual reactive support or the reactive reserve capability requested by the Office of the
Interconnection. PJM shall utilize data including, but not limited to, historical reactive
performance and stated reactive capability curves in order to make this determination, and may
withhold such compensation as described above if reactive support as requested by the Office of
the Interconnection was not or could not have been provided.
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3.2.3C Synchronous Condensing for Post-Contingency Operation.
(a)
Under normal circumstances, PJM operates generation out of merit order to
control contingency overloads when the flow on the monitored element for loss of the contingent
element (“contingency flow”) exceeds the long-term emergency rating for that facility, typically
a 4-hour or 2-hour rating. At times however, and under certain, specific system conditions, PJM
does not operate generation out of merit order for certain contingency overloads until the
contingency flow on the monitored element exceeds the 30-minute rating for that facility (“postcontingency operation”). In conjunction with such operation, when the contingency flow on
such element exceeds the long-term emergency rating, PJM operates synchronous condensers in
the areas affected by such constraints, to the extent they are available, to provide greater
certainty that such resources will be capable of producing energy in sufficient time to reduce the
flow on the monitored element below the normal rating should such contingency occur.
(b)
The amount of Synchronized Reserve provided by synchronous condensers
associated with post-contingency operation shall be counted as Synchronized Reserve satisfying
the PJM Synchronized Reserve requirements. Operators of these generation units shall be
notified of such provision, and to the extent a generation unit’s operator indicates that the
generation unit is capable of providing Synchronized Reserve, shall be subject to the same
requirements contained in Section 3.2.3A regarding provision of Tier 2 Synchronized Reserve.
At the end of each Operating Day, to the extent a condenser operated in conjunction with postcontingency operation also provided Synchronized Reserve, a Market Seller shall be credited for
providing synchronous condensing in conjunction with post-contingency operation at the request
of the Office of the Interconnection, in an amount equal to the higher of (i) the Synchronized
Reserve Market Clearing Price for each applicable interval a generation resource provided
synchronous condensing multiplied by the amount of Synchronized Reserve provided by the
synchronous condenser or (ii) the sum of (A) the generation resource’s applicable interval cost
to provide synchronous condensing, calculated in accordance with the PJM Manuals, (B) the
applicable interval product of the megawatts of energy used to provide synchronous condensing
multiplied by the real-time LMP at the generation bus of the generation resource, (C) the
generation resource’s start-up cost of providing synchronous condensing, and (D) the unitspecific lost opportunity cost of the generation resource supplying the increment of Synchronized
Reserve as determined by the Office of the Interconnection in accordance with procedures
specified in the PJM Manuals. To the extent a condenser operated in association with postcontingency constraint control was not also providing Synchronized Reserve, the Market Seller
shall be credited only for the generation unit’s cost to condense, as described in (ii) above. The
total Synchronized Reserve Obligations of all Load Serving Entities under section 3.2.3A(a) in
the zone where these condensers are located shall be reduced by the amount counted as
satisfying the PJM Synchronized Reserve requirements. The Synchronized Reserve Obligation
of each Load Serving Entity in the zone under section 3.2.3A(a) shall be reduced to the same
extent that the costs of such condensers counted as Synchronized Reserve are allocated to such
Load Serving Entity pursuant to subsection (d) below.
(c)
The sum of the foregoing credits as specified in section 3.2.3C(b) shall be the cost
of synchronous condensers associated with post-contingency operations for the Operating Day
and shall be separately determined for each transmission zone in the PJM Region based on

Page 49

whether the resource was dispatched in association with post-contingency operation in such
transmission zone.
(d)
The cost of synchronous condensers associated with post-contingency operations
in a transmission zone in the PJM Region for each Operating Day shall be allocated and charged
to each Market Participant in proportion to its deliveries of energy to load (net of operating
Behind The Meter Generation) in such transmission zone, served under Network Transmission
Service, in megawatt-hours during that Operating Day, as compared to all such deliveries for all
Market Participants in such transmission zone.
3.2.4

Transmission Congestion Charges.

Each Market Buyer shall be assessed Transmission Congestion Charges as specified in Section 5
of this Schedule.
3.2.5

Transmission Loss Charges.

Each Market Buyer shall be assessed Transmission Loss Charges as specified in Section 5 of this
Schedule.
3.2.6

Emergency Energy.

(a)
When the Office of the Interconnection has implemented Emergency procedures,
resources offering Emergency energy are eligible to set real-time Locational Marginal Prices,
capped at the energy offer cap plus the sum of the applicable Reserve Penalty Factors for the
Synchronized Reserve Requirement and Primary Reserve Requirement, provided that the
Emergency energy is needed to meet demand in the PJM Region.
(b)
Market Participants shall be allocated a proportionate share of the net cost of Emergency
energy purchased by the Office of the Interconnection. Such allocated share during each
applicable interval of such Emergency energy purchase shall be in proportion to the amount of
each Market Participant’s real-time deviation from its net withdrawals and injections in the Dayahead Energy Market, whenever that deviation increases the Market Participant’s spot market
purchases or decreases its spot market sales. This deviation shall not include any reduction or
suspension of output of pool scheduled resources requested by PJM to manage an Emergency
within the PJM Region.
(c)
Net revenues in excess of Real-time Prices attributable to sales of energy in connection
with Emergencies to other Control Areas shall be credited to Market Participants during each
applicable interval of such Emergency energy sale in proportion to the sum of (i) each Market
Participant’s real-time deviation from its net withdrawals and injections in the Day-ahead
Energy Market, whenever that deviation increases the Market Participant’s spot market
purchases or decreases its spot market sales, and (ii) each Market Participant’s energy sales from
within the PJM Region to entities outside the PJM Region that have been curtailed by PJM.
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(d)
The net costs or net revenues associated with sales or purchases of energy in connection
with a Minimum Generation Emergency in the PJM Region, or in another Control Area, shall be
allocated during each applicable interval of such Emergency sale or purchase to each Market
Participant in proportion to the amount of each Market Participant’s real-time deviation from its
net withdrawals and injections in the Day-ahead Market, whenever that deviation increases the
Market Participant’s spot market sales or decreases its spot market purchases.
3.2.7

Billing.

(a)
PJMSettlement shall prepare a billing statement each billing cycle for each
Market Participant in accordance with the charges and credits specified in Sections 3.2.1
through 3.2.6 of this Schedule, and showing the net amount to be paid or received by the Market
Participant. Billing statements shall provide sufficient detail, as specified in the PJM Manuals,
to allow verification of the billing amounts and completion of the Market Participant’s internal
accounting.
(b)
If deliveries to a Market Participant that has PJM Interchange meters in
accordance with Section 14 of the Operating Agreement include amounts delivered for a Market
Participant that does not have PJM Interchange meters separate from those of the metered
Market Participant, PJMSettlement shall prepare a separate billing statement for the unmetered
Market Participant based on the allocation of deliveries agreed upon between the Market
Participant and the unmetered Market Participant specified by them to the Office of the
Interconnection.
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Section(s) of the
PJM Operating Agreement
(Clean Format)

Definitions Q - R
Ramping Capability:
“Ramping Capability” shall mean the sustained rate of change of generator output, in megawatts
per minute.
Real-time Congestion Price:
“Real-time Congestion Price” shall mean the Congestion Price resulting from the Office of the
Interconnection’s dispatch of the PJM Interchange Energy Market in the Operating Day.
Real-time Loss Price:
“Real-time Loss Price” shall mean the Loss Price resulting from the Office of the
Interconnection’s dispatch of the PJM Interchange Energy Market in the Operating Day.
Real-time Prices:
“Real-time Prices” shall mean the Locational Marginal Prices resulting from the Office of the
Interconnection’s dispatch of the PJM Interchange Energy Market in the Operating Day.
Real-time Energy Market:
“Real-time Energy Market” shall mean the purchase or sale of energy and payment of
Transmission Congestion Charges for quantity deviations from the Day-ahead Energy Market in
the Operating Day.
Real-time Settlement Interval:
“Real-time Settlement Interval” shall mean the interval used by settlements, which shall be every
five minutes.
Real-time System Energy Price:
“Real-time System Energy Price” shall mean the System Energy Price resulting from the Office
of the Interconnection’s dispatch of the PJM Interchange Energy Market in the Operating Day.
Regional Entity:
“Regional Entity” shall mean an organization that NERC has delegated the authority to propose
and enforce reliability standards pursuant to the Federal Power Act.
Regional RTEP Project:
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“Regional RTEP Project” shall mean a transmission expansion or enhancement rated at 230 kV
or above which is required for compliance with the following PJM criteria: system reliability,
operational performance or economic criteria, pursuant to a determination by the Office of the
Interconnection.
Registered Entity:
“Registered Entity” shall mean the entity registered under the NERC Functional Model and
NERC Rules of Procedures for the purpose of compliance with NERC Reliability Standards and
responsible for carrying out the tasks within a NERC function without regard to whether a task
or tasks are performed by another entity pursuant to the terms of the PJM Governing
Agreements.
Regulation:
“Regulation” shall mean the capability of a specific generation resource or Demand Resource
with appropriate telecommunications, control and response capability to separately increase and
decrease its output or adjust load in response to a regulating control signal, in accordance with
the specifications in the PJM Manuals.
Regulation Effective Megawatts:
“Regulation Effective Megawatts” shall equal the product of 1) the amount of Regulation that a
resource is providing in a given hour, 2) the resource’s historic performance score, and 3) the
resource’s Regulation Rate of Technical Substitution.
Regulation Marginal Rate of Technical Substitution:
“Regulation Marginal Rate of Technical Substitution” shall mean the Regulation Rate of
Technical Substitution assigned to the last dynamic Regulation resource committed to provide
Regulation service in a given hour.
Regulation Rate of Technical Substitution:
“Regulation Rate of Technical Substitution” shall mean a value along the Regulation Rate of
Technical Substitution Curve that translates a dynamic Regulation resource into a traditional
Regulation resource. Regulation Rate of Technical Substitution is calculated in accordance with
the PJM Manuals.
Regulation Rate of Technical Substitution Curve:
“Regulation Rate of Technical Substitution Curve” shall mean a function that defines the
operational relationship between traditional and dynamic Regulation resources utilized to meet
the Regulation Requirement. Regulation Rate of Technical Substitution Curve is calculated in
accordance with the PJM
Manuals.
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Regulation Requirement:
“Regulation Requirement” shall mean the calculated Regulation Effective Megawatts required to
be maintained in a Regulation Zone, absent any increase to account for additional Regulation
scheduled to address operational uncertainty. Regulation Requirement is defined in accordance
with the PJM Manuals.
Regulation Zone:
“Regulation Zone” shall mean any of those one or more geographic areas, each consisting of a
combination of one or more Control Zone(s) as designated by the Office of the Interconnection
in the PJM Manuals, relevant to provision of, and requirements for, regulation service.
Related Parties:
“Related Parties” shall mean, solely for purposes of the governance provisions of the Operating
Agreement: (i) any generation and transmission cooperative and one of its distribution
cooperative members; and (ii) any joint municipal agency and one of its members. For purposes
of the Operating Agreement, representatives of state or federal government agencies shall not be
deemed Related Parties with respect to each other, and a public body's regulatory authority, if
any, over a Member shall not be deemed to make it a Related Party with respect to that Member.
Relevant Electric Retail Regulatory Authority:
“Relevant Electric Retail Regulatory Authority” shall mean an entity that has jurisdiction over
and establishes prices and policies for competition for providers of retail electric service to endcustomers, such as the city council for a municipal utility, the governing board of a cooperative
utility, the state public utility commission or any other such entity.
Reliability Assurance Agreement:
“Reliability Assurance Agreement” shall mean that certain Reliability Assurance Agreement
Among Load-Serving Entities in the PJM Region, on file with FERC as PJM Interconnection,
L.L.C. Rate Schedule FERC. No .44, and as amended from time to time thereafter.
Reserve Penalty Factor:
“Reserve Penalty Factor” shall mean the cost, in $/MWh, associated with being unable to meet a
specific reserve requirement in a Reserve Zone or Reserve Sub-zone. A Reserve Penalty Factor
will be defined for each reserve requirement in a Reserve Zone or Reserve Sub-zone.
Reserve Sub-zone:
“Reserve Sub-zone” shall mean any of those geographic areas wholly contained within a Reserve
Zone, consisting of a combination of a portion of one or more Control Zone(s) as designated by
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the Office of the Interconnection in the PJM Manuals, relevant to provision of, and requirements
for, reserve service.
Reserve Zone:
“Reserve Zone” shall mean any of those geographic areas consisting of a combination of one or
more Control Zone(s) as designated by the Office of the Interconnection in the PJM Manuals,
relevant to provision of, and requirements for, reserve service.
Residual Auction Revenue Rights:
“Residual Auction Revenue Rights” shall mean incremental stage 1 Auction Revenue Rights
created within a Planning Period by an increase in transmission system capability, including the
return to service of existing transmission capability, that was not modeled pursuant to Operating
Agreement, Schedule 1, section 7.5, and the parallel provisions of Tariff, Attachment KAppendix in compliance with Operating Agreement, Schedule 1, section 7.4.2(h), and the
parallel provisions of Tariff, Attachment K-Appendix, and, if modeled, would have increased the
amount of stage 1 Auction Revenue Rights allocated pursuant to Operating Agreement, Schedule
1, section 7.4.2, and the parallel provisions of Attachment K-Appendix; provided that, the
foregoing notwithstanding, Residual Auction Revenue Rights shall exclude: 1) Incremental
Auction Revenue Rights allocated pursuant to Tariff, Part VI; and 2) Auction Revenue Rights
allocated to entities that are assigned cost responsibility pursuant to Operating Agreement,
Schedule 6 for transmission upgrades that create such rights.
Residual Metered Load:
“Residual Metered Load” shall mean all load remaining in an electric distribution company’s
fully metered franchise area(s) or service territory(ies) after all nodally priced load of entities
serving load in such area(s) or territory(ies) has been carved out.
Revenue Data for Settlements:
“Revenue Data for Settlements” shall mean energy quantities used in accounting and billing as
determined pursuant to Tariff, Attachment K-Appendix and the corresponding provisions of
Operating Agreement, Schedule 1.
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3.2

Market Settlements.

If a dollar-per-MW-hour value is applied in a calculation under this section 3.2 where the
interval of the value produced in that calculation is less than an hour, then for purposes of that
calculation the dollar-per-MW hour value is divided by the number of Real-time Settlement
Intervals in the hour.
3.2.1

Spot Market Energy.

(a)
The Office of the Interconnection shall calculate System Energy Prices in the
form of Day-ahead System Energy Prices and Real-time System Energy Prices for the PJM
Region, in accordance with Section 2 of this Schedule.
(b)
Each Market Participant shall be charged for all of its Market Participant Energy
Withdrawals scheduled in the Day-ahead Energy Market at the Day-ahead System Energy Price
to be served in the PJM Interchange Energy Market.
(c)
Each Market Participant shall be paid for all of its Market Participant Energy
Injections scheduled in the Day-ahead Energy Market at the Day-ahead System Energy Price to
be delivered to the PJM Interchange Energy Market.
(d) For each Day-ahead Settlement Interval during an Operating Day, the Office
of the Interconnection shall calculate Spot Market Energy charges for each Market Participant
as the difference between the sum of its Market Participant Energy Withdrawals scheduled times
the Day-ahead System Energy Price and the sum of its Market Participant Energy Injections
scheduled times the Day-ahead System Energy Price.
(e) For each Real-time Settlement Interval during an Operating Day, the Office of the
Interconnection shall calculate Spot Market Energy charges for each Market Participant as the
difference between the sum of its real-time Market Participant Energy Withdrawals less its
scheduled Market Participant Energy Withdrawals times the Real-time System Energy Price and
the sum of its real-time Market Participant Energy Injections less scheduled Market Participant
Energy Injections times the Real-time System Energy Price. The Revenue Data for Settlements
determined for each Real-time Settlement Interval in accordance with section 3.1A of this
Schedule shall be used in determining the real-time Market Participant Energy Withdrawals and
Market Participant Energy Injections used to calculate Spot Market Energy charges under this
subsection (e).
(f) For pool External Resources, the Office of the Interconnection shall model, based on
an appropriate flow analysis, the megawatts of real-time energy injections to be delivered from
each such resource to the corresponding Interface Pricing Point between adjacent Control Areas
and the PJM Region
3.2.2

Regulation.
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(a)
Each Market Participant that is a Load Serving Entity in a Regulation Zone shall
have an hourly Regulation objective equal to its pro rata share of the Regulation requirements of
such Regulation Zone for the hour, based on the Market Participant’s total load (net of operating
Behind The Meter Generation, but not to be less than zero) in such Regulation Zone for the hour
(“Regulation Obligation”). A Market Participant with an hourly Regulation Obligation shall be
charged the pro rata share of the sum of the quantity of regulation provided in each Real-time
Settlement Interval times the clearing price for all Real-time Settlement Intervals in the hour
associated with that obligation.
(b)
Each Market Participant supplying Regulation in a Regulation Zone at the
direction of the Office of the Interconnection shall be credited for each of its resources such that
the calculated credit for each increment of Regulation provided by each resource shall be the
higher of: (i) the Regulation market-clearing price; or (ii) the sum of the applicable Regulation
offers for a resource determined pursuant to Section 3.2.2A.1 of this Schedule, the unit-specific
shoulder hour opportunity costs described in subsection (e) of this section, the unit-specific intertemporal opportunity costs, and the unit-specific opportunity costs discussed in subsection (d) of
this section.
(c)
The total Regulation market-clearing price in each Regulation Zone shall be
determined for each Real-time Settlement Interval. The total Regulation market-clearing price
shall include: (i) the performance Regulation market-clearing price in a Regulation Zone that
shall be calculated in accordance with subsection (g) of this section; (ii) the capability Regulation
market-clearing price that shall be calculated in accordance with subsection (h) of this section;
and (iii) a Regulation resource’s unit-specific opportunity costs during the 5-minute period,
determined as described in subsection (d) below, divided by the unit-specific Regulation Rate of
Technical Substitution described in subsection (k) of this section and divided by the historic
performance score of the resource from among the resources selected to provide Regulation. A
resource’s Regulation offer by any Market Seller that fails the three-pivotal supplier test set forth
in section 3.2.2A.1 of this Schedule shall not exceed the cost of providing Regulation from such
resource, plus twelve dollars, as determined pursuant to the formula in section 1.10.1A(e) of this
Schedule.
(d)
In determining the Regulation 5-minute clearing price for each Regulation Zone,
the estimated unit-specific opportunity costs of a generation resource offering to sell Regulation
in each regulating hour, except for hydroelectric resources, shall be equal to the product of (i) the
deviation of the set point of the generation resource that is expected to be required in order to
provide Regulation from the generation resource’s expected output level if it had been
dispatched in economic merit order times, (ii) the absolute value of the difference between the
expected Locational Marginal Price at the generation bus for the generation resource and (a) for
offline resources that will be brought online solely for regulation, the cheapest of the available
market-based or cost-based energy schedulesfrom the generation resource at the megawatt level
of the Regulation set point for the resource in the PJM Interchange Energy Market or (b) for
online resources, the schedule on which the resource was committed for energy.
For hydroelectric resources offering to sell Regulation in a regulating hour, the estimated unitspecific opportunity costs for each hydroelectric resource in spill conditions as defined in the
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PJM Manuals will be the full value of the Locational Marginal Price at that generation bus for
each megawatt of Regulation capability.
The estimated unit-specific opportunity costs for each hydroelectric resource that is not in spill
conditions as defined in the PJM Manuals and has a day-ahead megawatt commitment greater
than zero shall be equal to the product of (i) the deviation of the set point of the hydroelectric
resource that is expected to be required in order to provide Regulation from the hydroelectric
resource’s expected output level if it had been dispatched in economic merit order times (ii) the
difference between the expected Locational Marginal Price at the generation bus for the
hydroelectric resource and the average of the Locational Marginal Price at the generation bus for
the appropriate on-peak or off-peak period as defined in the PJM Manuals, excluding those hours
during which all available units at the hydroelectric resource were operating. Estimated
opportunity costs shall be zero for hydroelectric resources for which the average Locational
Marginal Price at the generation bus for the appropriate on-peak or off-peak period, excluding
those Real-time Settlement Intervals during which all available units at the hydroelectric resource
were operating is higher than the actual Locational Marginal Price at the generator bus for the
Real-time Settlement Interval.
The estimated unit-specific opportunity costs for each hydroelectric resource that is not in spill
conditions as defined in the PJM Manuals and does not have a day-ahead megawatt commitment
greater than zero shall be equal to the product of (i) the deviation of the set point of the
hydroelectric resource that is expected to be required in order to provide Regulation from the
hydroelectric resource’s expected output level if it had been dispatched in economic merit order
times (ii) the difference between the average of the Locational Marginal Price at the generation
bus for the appropriate on-peak or off-peak period as defined in the PJM Manuals, excluding
those hours during which all available units at the hydroelectric resource were operating and the
expected Locational Marginal Price at the generation bus for the hydroelectric resource.
Estimated opportunity costs shall be zero for hydroelectric resources for which the actual
Locational Marginal Price at the generator bus for the Real-time Settlement Interval is higher
than the average Locational Marginal Price at the generation bus for the appropriate on-peak or
off-peak period, excluding those Real-time Settlement Intervals during which all available units
at the hydroelectric resource were operating.
For the purpose of committing resources and setting Regulation market clearing prices, the
Office of the Interconnection shall utilize day-ahead Locational Marginal Prices to calculate
opportunity costs for hydroelectric resources. For the purposes of settlements, the Office of the
Interconnection shall utilize the real-time Locational Marginal Prices to calculate opportunity
costs for hydroelectric resources.
Estimated opportunity costs for Demand Resources to provide Regulation are zero.
(e)
In determining the credit under subsection (b) to a Market Participant selected to
provide Regulation in a Regulation Zone and that actively follows the Office of the
Interconnection‘s Regulation signals and instructions, the unit-specific opportunity cost of a
generation resource shall be determined for (1) each Real-time Settlement Interval that the Office
of the Interconnection requires a generation resource to provide Regulation, and (2) the last three
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Real-time Settlement Intervals of the preceding shoulder hour and the first three Real-time
Settlement Intervals of the following shoulder hour in accordance with the PJM Manuals and
below.
The unit-specific opportunity cost incurred during the Real-time Settlement Interval in which the
Regulation obligation is fulfilled shall be equal to the product of (i) the deviation of the
generation resource’s output necessary to follow the Office of the Interconnection’s Regulation
signals from the generation resource’s expected output level if it had been dispatched in
economic merit order times (ii) the absolute value of the difference between the Locational
Marginal Price at the generation bus for the generation resource and the schedule on which the
resource was committed at the actual megawatt level of the resource when the actual megawatt
level is within the tolerance defined in the PJM Manuals for the Regulation set point, or at the
Regulation set point for the resource when it is not within the corresponding tolerance in the PJM
Interchange Energy Market. Opportunity costs for Demand Resources to provide Regulation are
zero.
The unit-specific opportunity costs associated with uneconomic operation during each of the
preceding three Real-time Settlement Intervals of the shoulder hour shall be equal to the product
of (i) the deviation between the set point of the generation resource that is expected to be
required in the initial regulating Real-time Settlement Interval in order to provide Regulation and
the resource’s expected output in each of the preceding three Real-time Settlement Intervals of
the shoulder hour times (ii) the absolute value of the difference between the Locational Marginal
Price at the generation bus for the generation resource in each of the preceding three Real-time
Settlement Intervals of the shoulder hour and the schedule on which the resource is committed at
the megawatt level of the Regulation set point for the resource in the initial regulating Real-time
Settlement Interval in the PJM Interchange Energy Market, all as determined by the Office of the
Interconnection in accordance with procedures specified in the PJM Manuals.
The unit-specific opportunity costs associated with uneconomic operation during each of the
following three Real-time Settlement Intervals of the shoulder hour shall be equal to the product
of (i) the deviation between the set point of the generation resource that is expected to be
required in the final regulating Real-time Settlement Interval in order to provide Regulation and
the resource’s expected output in each of the following three Real-time Settlement Intervals of
the shoulder hour times (ii) the absolute value of the difference between the Locational Marginal
Price at the generation bus for the generation resource in each of the following three Real-time
Settlement Intervals of the shoulder hour and the schedule on which the resource is committed at
the megawatt level of the Regulation set point for the resource in final regulating hour in the
PJM Interchange Energy Market all as determined by the Office of the Interconnection in
accordance with procedures specified in the PJM Manuals.
(f)
Any amounts credited for Regulation in an hour in excess of the Regulation
market-clearing price in that hour shall be allocated and charged to each Market Participant in a
Regulation Zone that does not meet its hourly Regulation obligation in proportion to its
purchases of Regulation in such Regulation Zone in megawatt-hours during that hour.
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(g)
To determine the Regulation market performance-clearing price for the
Regulation Zone, the Office of the Interconnection shall adjust the submitted performance offer
for each resource in accordance with the historical performance of that resource, the amount of
Regulation that resource will be dispatched based on the ratio of control signals calculated by the
Office of the Interconnection, and the unit-specific Regulation Rate of Technical Substitution
described in subsection (k) of this section for which that resource is qualified. The maximum
adjusted performance offer of all cleared resources will set the Regulation market-performance
clearing price.
The owner of each Regulation resource that actively follows the Office of the Interconnection’s
Regulation signals and instructions, will be credited for Regulation performance by multiplying
the assigned MW(s) by the Regulation market performance-clearing price, by the Regulation
Marginal Rate of Technical Substitution, and by the Regulation resource’s performance score
calculated in accordance with subsection (l) of this section.
(h)
The Office of the Interconnection shall divide each Regulation resource’s capability offer
by the unit-specific Regulation Rate of Technical Substitution described in subsection (k) of this
section and also divided by the historic performance score of the resource for the purposes of
committing resources and setting the market clearing prices. The Office of the Interconnection
shall calculate the Regulation market capability clearing price for the Regulation Zone by
subtracting the Regulation market capability clearing price described in subsection (g) from the
total Regulation market clearing price described in subsection (c). This residual sets the
Regulation market capability clearing price for that market Real-time Settlement Interval.The
owner of each Regulation resource that actively follows the Office of the Interconnection’s
Regulation signals and instructions will be credited for Regulation capability based on the
assigned MW and the Regulation market capability clearing price multiplied by the Regulation
Marginal Rate of Technical Substitution, and the Regulation resource’s performance score
calculated in accordance with subsection (l) of this section.
(i)
In accordance with the processes described in the PJM Manuals, the Office of the
Interconnection shall: (i) calculate inter-temporal opportunity costs for each applicable resource;
(ii) include such inter-temporal opportunity costs in each applicable resource’s offer to sell
frequency Regulation service; and (iii) account for such inter-temporal opportunity costs in the
Regulation market-clearing price.
(j)
As further detailed in PJM Manuals, the Regulation Rate of Technical
Substitution Curve shall be calculated using engineering models to determine the combinations
of the dynamic Regulation signal and traditional Regulation signal that provide equivalent
system control.
(k)
The Office of the Interconnection shall calculate a unit-specific Regulation Rate
of Technical Substitution for each resource assigned to the dynamic Regulation signal and the
traditional Regulation signal based on their order in the merit order stack for the applicable
Regulation signal, in accordance with the PJM Manuals. The unit-specific Regulation Rate of
Technical Subsitution is the point on the Regulation Rate of Technical Substitution Curve that
aligns with the last megawatt, adjusted by historical performance, that resource will add to the
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dynamic resource stack. The unit-specific Regulation Rate of Technical Substitution for the
traditional Regulation signal shall be equal to one.
(l)
The Office of the Interconnection shall calculate each Regulation resource’s
performance score. The performance score shall be calculated as a function of the difference in
the energy provided by the Regulation resource versus the energy requested by the Regulation
signal. For each interval in which a resource is assigned Regulation, PJM calculates the
performance score in accordance with the following equation:

The historic performance score will be based on a rolling average of the Real-time Settlement
Interval performance scores, with consideration of the qualification score, as defined in the PJM
Manuals.
3.2.2A Offer Price Caps.
3.2.2A.1

Applicability.

(a)
Each hour, the Office of the Interconnection shall conduct a three-pivotal supplier
test as described in this section. Regulation offers from Market Sellers that fail the three-pivotal
supplier test shall be capped in the hour in which they failed the test at their cost based offers as
determined pursuant to section 1.10.1A(e) of this Schedule. A Regulation supplier fails the
three-pivotal supplier test in any hour in which such Regulation supplier and the two largest
other Regulation suppliers are jointly pivotal.
(b)
For the purposes of conducting the three-pivotal supplier test pursuant to this
section, the following applies:
(i)
The three-pivotal supplier test will include in the definition of available
supply all offers from resources capable of satisfying the Regulation Requirement of the
PJM Region multiplied by the historic accuracy score of the resource and multiplied by
the unit-specific Regulation Rate of Technical Substitution for which the capability costbased offer plus the performance cost-based offer plus any eligible opportunity costs is
no greater than 150 percent of the clearing price that would be calculated if all offers
were limited to cost (plus eligible opportunity costs).
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(ii)
The three-pivotal supplier test will apply on a Regulation supplier basis
(i.e. not a resource by resource basis) and only the Regulation suppliers that fail the threepivotal supplier test will have their Regulation offers capped. A Regulation supplier for
the purposes of this section includes corporate affiliates. Regulation from resources
controlled by a Regulation supplier or its affiliates, whether by contract with unaffiliated
third parties or otherwise, will be included as Regulation of that Regulation supplier.
Regulation provided by resources owned by a Regulation supplier but controlled by an
unaffiliated third party, whether by contract or otherwise, will be included as Regulation
of that third party.
(iii) Each supplier shall be ranked from the largest to the smallest offered
megawatt of eligible Regulation supply adjusted by the historic performance of each
resource and the unit-specific benefits factor. Suppliers are then tested in order, starting
with the three largest suppliers. For 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 to determine the residual supply index. Where the residual
supply index for three pivotal suppliers 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 third supplier result in a residual supply index greater than 1.0, at which point the
remaining suppliers pass the test. Any resource owner that fails the three-pivotal supplier
test will be offer-capped.

3.2.3

Operating Reserves.

(a)
A Market Seller’s pool-scheduled resources capable of providing Operating
Reserves shall be credited as specified below based on the applicable offer for the operation of
such resource, provided that the resource was available for the entire time specified in the Offer
Data for such resource. To the extent that Section 3.2.3A.01 of Schedule 1 of this Agreement
does not meet the Day-ahead Scheduling Reserves Requirement, the Office of the
Interconnection shall schedule additional Operating Reserves pursuant to Section 1.7.17 and 1.10
of Schedule 1 of this Agreement. In addition the Office of the Interconnection shall schedule
Operating Reserves pursuant to those sections to satisfy any unforeseen Operating Reserve
requirements that are not reflected in the Day-ahead Scheduling Reserves Requirement.
(b)
The following determination shall be made for each pool-scheduled resource that
is scheduled in the Day-ahead Energy Market: the total offered price for Start-up Costs and Noload Costs and energy, determined on the basis of the resource’s scheduled output, shall be
compared to the total value of that resource’s energy – as determined by the Day-ahead Energy
Market and the Day-ahead Prices applicable to the relevant generation bus in the Day-ahead
Energy Market. PJM shall also (i) determine whether any resources were scheduled in the Dayahead Energy Market to provide Black Start service, Reactive Services or transfer interface
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control during the Operating Day because they are known or expected to be needed to maintain
system reliability in a Zone during the Operating Day in order to minimize the total cost of
Operating Reserves associated with the provision of such services and reflect the most accurate
possible expectation of real-time operating conditions in the day-ahead model, which resources
would not have otherwise been committed in the day-ahead security-constrained dispatch and (ii)
report on the day following the Operating Day the megawatt quantities scheduled in the Dayahead Energy Market for the above-enumerated purposes for the entire RTO.
Except as provided in Section 3.2.3(n), if the total offered price for Start-up Costs (shutdown
costs for Demand Resources) and No-load Costs and energy summed over all Day-ahead
Settlement Intervals exceeds the total value summed over all Day-ahead Settlement Intervals, the
difference shall be credited to the Market Seller.
The Office of the Interconnection shall apply any balancing Operating Reserve credits allocated
pursuant to this Section 3.2.3(b) to real-time deviations or real-time load share plus exports,
pursuant to Section 3.2.3(p), depending on whether the balancing Operating Reserve credits are
related to resources scheduled during the reliability analysis for an Operating Day, or during the
actual Operating Day.
(i)
For resources scheduled by the Office of the Interconnection during the
reliability analysis for an Operating Day, the associated balancing Operating Reserve
credits shall be allocated based on the reason the resource was scheduled according to the
following provisions:
(A)
If the Office of the Interconnection determines during the
reliability analysis for an Operating Day that a resource was 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, the associated balancing Operating Reserve credits, identified as RA
Credits for Deviations, shall be allocated to real-time deviations.
(B)
If the Office of the Interconnection determines during the
reliability analysis for an Operating Day that a resource was committed to
maintain system reliability, the associated balancing Operating Reserve credits,
identified as RA Credits for Reliability, shall be allocated according to ratio share
of real time load plus export transactions.
(C)
If the Office of the Interconnection determines during the
reliability analysis for an Operating Day that a resource with a day-ahead
schedule is required to deviate from that schedule to provide balancing Operating
Reserves, the associated balancing Operating Reserve credits shall be segmented
and separately allocated pursuant to subsections 3.2.3(b)(i)(A) or 3.2.3(b)(i)(B)
hereof. Balancing Operating Reserve credits for such resources will be identified
in the same manner as units committed during the reliability analysis pursuant to
subsections 3.2.3(b)(i)(A) and 3.2.3(b)(i)(B) hereof.
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(ii)
For resources scheduled during an Operating Day, the associated
balancing Operating Reserve credits shall be allocated according to the following
provisions:
(A)
If the Office of the Interconnection directs a resource to operate
during an Operating Day to provide balancing Operating Reserves, the associated
balancing Operating Reserve credits, identified as RT Credits for Reliability, shall
be allocated according to ratio share of load plus exports. The foregoing
notwithstanding, credits will be applied pursuant to this section only if the LMP at
the resource's bus does not meet or exceed the applicable offer of the resource for
at least four 5-minute intervals during one or more discrete clock hours during
each period the resource operated and produced MWs during the relevant
Operating Day. If a resource operated and produced MWs for less than four 5minute intervals during one or more discrete clock hours during the relevant
Operating Day, the credits for that resource during the hour it was operated less
than four 5-minute intervals will be identified as being in the same category (RT
Credits for Reliability or RT Credits for Deviations) as identified for the
Operating Reserves for the other discrete clock hours.
(B)
If the Office of the Interconnection directs a resource not covered
by Section 3.2.3(b)(ii)(A) hereof to operate in real-time during an Operating Day,
the associated balancing Operating Reserve credits, identified as RT Credits for
Deviations, shall be allocated according to real-time deviations from day-ahead
schedules.
(iii) PJM shall post on its Web site the aggregate amount of MWs committed
that meet the criteria referenced in subsections (b)(i) and (b)(ii) hereof.
(c)
The sum of the foregoing credits calculated in accordance with Section 3.2.3(b)
plus any unallocated charges from Section 3.2.3(h) and 5.1.7, and any shortfalls paid pursuant to
the Market Settlement provision of the Day-ahead Economic Load Response Program, shall be
the cost of Operating Reserves in the Day-ahead Energy Market.
(d)
The cost of Operating Reserves in the Day-ahead Energy Market shall be
allocated and charged to each Market Participant in proportion to the sum of its (i) scheduled
load (net of Behind The Meter Generation expected to be operating, but not to be less than zero),
accepted Decrement Bids in the Day-ahead Energy Market in megawatt-hours for that Operating
Day, and the scheduled megawatt-hours at the specified sink of an accepted Up-to Congestion
Transaction; and (ii) scheduled energy sales in the Day-ahead Energy Market from within the
PJM Region to load outside such region in megawatt-hours for that Operating Day, but not
including its bilateral transactions that are Dynamic Transfers to load outside such area pursuant
to Section 1.12, except to the extent PJM scheduled resources to provide Black Start service,
Reactive Services or transfer interface control. The cost of Operating Reserves in the Day-ahead
Energy Market for resources scheduled to provide Black Start service for the Operating Day
which resources would not have otherwise been committed in the day-ahead security constrained
dispatch shall be allocated by ratio share of the monthly transmission use of each Network
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Customer or Transmission Customer serving Zone Load or Non-Zone Load, as determined in
accordance with the formulas contained in Schedule 6A of the PJM Tariff. The cost of
Operating Reserves in the Day-ahead Energy Market for resources scheduled to provide Reactive
Services or transfer interface control because they are known or expected to be needed to
maintain system reliability in a Zone during the Operating Day and would not have otherwise
been committed in the day-ahead security constrained dispatch shall be allocated and charged to
each Market Participant in proportion to the sum of its real-time deliveries of energy to load (net
of operating Behind The Meter Generation) in such Zone, served under Network Transmission
Service, in megawatt-hours during that Operating Day, as compared to all such deliveries for all
Market Participants in such Zone.
(e)
At the end of each Operating Day, the following determination shall be made for
each synchronized pool-scheduled resource of each Market Seller that operates as requested by
the Office of the Interconnection. For each calendar day, pool-scheduled resources in the Realtime Energy Market shall be made whole for each of the following Segments: 1) the greater of
their day-ahead schedules and minimum run time specified at the time of commitment (minimum
down time specified at the time of commitment for Demand Resources); and 2) any block of
Real-time Settlement Intervals the resource operates at PJM’s direction in excess of the greater of
its day-ahead schedule and minimum run time specified at the time of commitment (minimum
down time specified at the time of commitment for Demand Resources). For each calendar day,
and for each synchronized start of a generation resource or PJM-dispatched economic load
reduction, there will be a maximum of two Segments for each resource. Segment 1 will be the
greater of the day-ahead schedule and minimum run time specified at the time of commitment
(minimum down time specified at the time of commitment for Demand Resources) and Segment
2 will include the remainder of the contiguous Real-time Settlement Intervals when the resource
is operating at the direction of the Office of the Interconnection, provided that a segment is
limited to the Operating Day in which it commenced and cannot include any part of the
following Operating Day.
A Generation Capacity Resource that operates outside of its unit-specific parameters will not
receive Operating Reserve Credits nor be made whole for such operation when not dispatched by
the Office of the Interconnection, unless the Market Seller of the Generation Capacity Resource
can justify to the Office of the Interconnection that operation outside of such unit-specific
parameters was the result of an actual constraint. Such Market Seller shall provide to the Market
Monitoring Unit and the Office of the Interconnection its request to receive Operating Reserve
Credits and/or to be made whole for such operation, along with documentation explaining in
detail the reasons for operating its resource outside of its unit-specific parameters, within thirty
calendar days following the issuance of billing statement for the Operating Day. The Market
Seller shall also respond to additional requests for information from the Market Monitoring Unit
and the Office of the Interconnection. The Market Monitoring Unit shall evaluate such request
for compensation and provide its determination of whether there was an exercise of market
power to the Office of the Interconnection by no later than twenty-five calendar days after
receiving the Market Seller’s request for compensation. The Office of the Interconnection shall
make its determination whether the Market Seller justified that it is entitled to receive Operating
Reserve Credits and/or be made whole for such operation of its resource for the day(s) in
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question, by no later than thirty calendar days after receiving the Market Seller’s request for
compensation.
Credits received pursuant to this section shall be equal to the positive difference between a
resource’s Total Operating Reserve Offer, and the total value of the resource’s energy for hours
in the Day-ahead Energy Market that correspond to five-minute intervals in which the resource
is operated in real-time pursuant to the Office of the Interconnection’s direction, plus any credit
or change for quantity deviations, at PJM dispatch direction (excluding quantity deviations
caused by an increase in the Market Seller’s Real-time Offer), from the Day-ahead Energy
Market during the Operating Day at the real-time LMP(s) applicable to the relevant generation
bus in the Real-time Energy Market. The foregoing notwithstanding, credits for segment 2 shall
exclude start up (shutdown costs for Demand Resources) costs for generation resources.
Except as provided in Section 3.2.3(m), if the total offered price exceeds the total value, the
difference less any credit as determined pursuant to Section 3.2.3(b), and less any amounts
credited for Synchronized Reserve in excess of the Synchronized Reserve offer plus the
resource’s opportunity cost, and less any amounts credited for Non-Synchronized Reserve in
excess of the Non-Synchronized Reserve offer plus the resource’s opportunity cost, and less any
amounts credited for providing Reactive Services as specified in Section 3.2.3B, and less any
amounts for Day-ahead Scheduling Reserve in excess of the Day-ahead Scheduling Reserve
offer plus the resource’s opportunity cost, shall be credited to the Market Seller.
Synchronized Reserve, Non-Synchronized Reserve, and Real-time Settlement Interval share of
the Day-ahead Scheduling Reserve credits applied against Operating Reserve credits pursuant to
this section shall be netted against the Operating Reserve credits earned in the corresponding
Real-time Settlement Interval(s) in which the Synchronized Reserve, Non-Synchronized Reserve,
and Day-ahead Scheduling Reserve credits accrued, provided that for condensing combustion
turbines, Synchronized Reserve credits will be netted against the total Operating Reserve credits
accrued during each Real-time Settlement Interval the unit operates in condensing and generation
mode.
(f)
A Market Seller of a unit not defined in subsection (f-1), (f-2), or (f-4) hereof (or
self-scheduled, if operating according to Section 1.10.3 (c) hereof), the output of which is
reduced or suspended at the request of the Office of the Interconnection due to a transmission
constraint or other reliability issue, and for which the , real-time LMP at the unit’s bus is higher
than the unit’s offer corresponding to the level of output requested by the Office of the
Interconnection (as indicated either by the desired MWs of output from the unit determined by
PJM’s unit dispatch system or as directed by the PJM dispatcher through a manual override),
shall be credited for each Real-time Settlement Interval in an amount equal to the product of (A)
the deviation of the generating unit’s output necessary to follow the Office of the
Interconnection’s signals and the generating unit’s expected output level if it had been
dispatched in economic merit order, times (B) the Locational Marginal Price at the generation
bus for the generating unit, minus (C) the Total Lost Opportunity Cost Offer, provided that the
resulting outcome is greater than $0.00. This equation is represented as (A*B) - C.
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(f-1) With the exception of Market Sellers of Flexible Resources that submit a Realtime Offer greater than their resource’s Committed Offer in the Day-ahead Energy Market, a
Market Seller of a Flexible Resource shall be compensated for lost opportunity cost, and shall be
limited to the lesser of the unit’s Economic Maximum or the unit’s Generation Resource
Maximum Output, if either of the following conditions occur:
(i)

if the unit output is reduced at the direction of the Office of the Interconnection
and the real time LMP at the unit’s bus is higher than the unit’s offer
corresponding to the level of output requested by the Office of the Interconnection
(as directed by the PJM dispatcher), then the Market Seller shall be credited in a
manner consistent with that described in section 3.2.3 (f).

(ii)

If the unit is scheduled to produce energy in the Day-ahead Energy Market for a
Day-ahead Settlement Interval, but the unit is not called on by the Office of the
Interconnection and does not operate in the corresponding Real-time Settlement
Interval(s), then the Market Seller shall be credited in an amount equal to the
higher of:
1) the product of (A) the amount of megawatts committed in the
Day-ahead Energy Market for the generating unit, and (B) the
Real-time Price at the generation bus for the generating unit,
minus the sum of (C) the Total Lost Opportunity Cost Offer
plus No-load Costs, plus (D) the Start-up Cost, divided by the
Real-time Settlement Intervals committed for each set of
contiguous hours for which the unit was scheduled in Dayahead Energy Market. This equation is represented as (A*B) (C+D). The startup cost, (D), shall be excluded from this
calculation if the unit operates in real time following the Office
of the Interconnection’s direction during any portion of the set
of contiguous hours for which the unit was scheduled in Dayahead Energy Market, or
2) the Real-time Price at the unit’s bus minus the Day-ahead Price
at the unit’s bus, multiplied by the number of megawatts
committed in the Day-ahead Energy Market for the generating
unit.

Market Sellers of Flexible Resources that submit a Real-time Offer greater than their resource’s
Committed Offer in the Day-ahead Energy Market shall not be eligible to receive compensation
for lost opportunity costs under any applicable provisions of Schedule 1 of this Agreement.
(f-2) A Market Seller of a hydroelectric resource that is pool-scheduled (or selfscheduled, if operating according to Section 1.10.3 (c) hereof), the output of which is altered at
the request of the Office of the Interconnection from the schedule submitted by the owner, due to
a transmission constraint or other reliability issue, shall be compensated for lost opportunity cost
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in the same manner as provided in sections 3.2.2(d) and 3.2.3A(f) and further detailed in the
PJM Manuals.
(f-3) If a Market Seller believes that, due to specific pre-existing binding commitments
to which it is a party, and that properly should be recognized for purposes of this section, the
above calculations do not accurately compensate the Market Seller for opportunity cost
associated with following PJM dispatch instructions and reducing or suspending a unit’s output
due to a transmission constraint or other reliability issue, then the Office of the Interconnection,
the Market Monitoring Unit and the individual Market Seller will discuss a mutually acceptable,
modified amount of opportunity cost compensation, taking into account the specific
circumstances binding on the Market Seller. Following such discussion, if the Office of the
Interconnection accepts a modified amount of opportunity cost compensation, the Office of the
Interconnection shall invoice the Market Seller accordingly. If the Market Monitoring Unit
disagrees with the modified amount of opportunity cost compensation, as accepted by the Office
of the Interconnection, it will exercise its powers to inform the Commission staff of its concerns.
(f-4) A Market Seller of a wind generating unit that is pool-scheduled or self-scheduled, has
SCADA capability to transmit and receive instructions from the Office of the Interconnection,
has provided data and established processes to follow PJM basepoints pursuant to the
requirements for wind generating units as further detailed in this Agreement, the Tariff and the
PJM Manuals, and which is operating as requested by the Office of the Interconnection, the
output of which is reduced or suspended at the request of the Office of the Interconnection due to
a transmission constraint or other reliability issue, and for which the , real-time LMP at the unit’s
bus is higher than the unit’s offer corresponding to the level of output requested by the Office of
the Interconnection (as indicated either by the desired MWs of output from the unit determined
by PJM’s unit dispatch system or as directed by the PJM dispatcher through a manual override),
shall be credited for each Real-time Settlement Interval in an amount equal to the product of (A)
the deviation of the generating unit’s output necessary to follow the Office of the
Interconnection’s signals and the generating unit’s expected output level if it had been
dispatched in economic merit order, times (B) the Real-time Price at the generation bus for the
generating unit, minus (C) the Total Lost Opportunity Cost Offer, provided that the resulting
outcome is greater than $0.00. This equation is represented as (A*B) - C.
(g)
The sum of the foregoing credits, plus any cancellation fees paid in accordance
with Section 1.10.2(d), such cancellation fees to be applied to the Operating Day for which the
unit was scheduled, plus any shortfalls paid pursuant to the Market Settlement provision of the
real-time Economic Load Response Program, less any payments received from another Control
Area for Operating Reserves shall be the cost of Operating Reserves for the Real-time Energy
Market in each Operating Day.
(h)
The cost of Operating Reserves for the Real-time Energy Market for each
Operating Day, except those associated with the scheduling of units for Black Start service or
testing of Black Start Units as provided in Schedule 6A of the PJM Tariff, shall be allocated and
charged to each Market Participant based on their daily total of hourly deviations determined in
accordance with the following equation:
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∑h (A + B + C)
Where:
h = the hours in the applicable Operating Day;
A = For each Real-Time Settlement Interval in an hour, the sum of the absolute value of
the withdrawal deviations (in MW) between the quantities scheduled in the Day-ahead
Energy Market and the Market Participant’s energy withdrawals (net of operating
Behind The Meter Generation) in the Real-Time Energy Market, except as noted in
subsection (h)(ii) below and in the PJM Manuals divided by the number of Real-Time
Settlement Intervals for that hour. The summation of each Real-Time Settlement
Interval’s withdrawal deviation in an hour will be the Market Participant’s total hourly
withdrawal deviations. Market Participant bilateral transactions that are Dynamic
Transfers to load outside the PJM Region pursuant to section 1.12 of this Schedule are
not included in the determination of withdrawal deviations;
B = For each Real-Time Settlement Interval in an hour, the sum of the absolute value of
generation deviations (in MW and not including deviations in Behind The Meter
Generation) as determined in subsection (o) divided by the number of Real-Time
Settlement Intervals for that hour;
C = For each Real-Time Settlement Interval in an hour, the sum of the absolute value of
the injection deviations (in MW) between the quantities scheduled in the Day-ahead
Energy Market and the Market Participant’s energy injections in the Real-Time Energy
Market divided by the number of Real-time Settlement Intervals for that hour. The
summation of the injection deviations for each Real-Time Settlement Interval in an hour
will be the Market Participant’s total hourly injection deviations. The determination of
injection deviations does not include generation resources.
The Revenue Data for Settlements determined for each Real-time Settlement Interval in
accordance with section 3.1A of this Schedule shall be used in determining the real-time
withdrawal deviations, generation deviations and injection deviations used to calculate
Operating Reserve under this subsection (e).
The costs associated with scheduling of units for Black Start service or testing of Black Start
Units shall be allocated by ratio share of the monthly transmission use of each Network Customer
or Transmission Customer serving Zone Load or Non-Zone Load, as determined in accordance with
the formulas contained in Schedule 6A of the PJM Tariff.
Notwithstanding section (h)(1) above, as more fully set forth in the PJM Manuals, load
deviations from the Day-ahead Energy Market shall not be assessed Operating Reserves charges
to the extent attributable to reductions in the load of Price Responsive Demand that is in response
to an increase in Locational Marginal Price from the Day-ahead Energy Market to the Real-time
Energy Market and that is in accordance with a properly submitted PRD Curve.
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Deviations that occur within a single Zone shall be associated with the Eastern or Western
Region, as defined in Section 3.2.3(q) of this Schedule, and shall be subject to the regional
balancing Operating Reserve rate determined in accordance with Section 3.2.3(q). Deviations at
a hub shall be associated with the Eastern or Western Region if all the buses that define the hub
are located in the region. Deviations at an Interface Pricing Point shall be associated with
whichever region, the Eastern or Western Region, with which the majority of the buses that
define that Interface Pricing Point are most closely electrically associated. If deviations at
interfaces and hubs are associated with the Eastern or Western region, they shall be subject to the
regional balancing Operating Reserve rate. Demand and supply deviations shall be based on
total activity in a Zone, including all aggregates and hubs defined by buses that are wholly
contained within the same Zone.
The foregoing notwithstanding, netting deviations shall be allowed for each Real-time Settlement
Interval in accordance with the following provisions:
(i)
Generation resources with multiple units located at a single bus shall be
able to offset deviations in accordance with the PJM Manuals to determine the net
deviation MW at the relevant bus.
(ii)
Demand deviations will be assessed by comparing all day-ahead demand
transactions at a single transmission zone, hub, or interface against the real-time demand
transactions at that same transmission zone, hub, or interface; except that the positive
values of demand deviations, as set forth in the PJM Manuals, will not be assessed
Operating Reserve charges in the event of a Primary Reserve or Synchronized Reserve
shortage in real-time or where PJM initiates the request for emergency load reductions in
real-time in order to avoid a Primary Reserve or Synchronized Reserve shortage. The
scheduled megawatt-hour withdrawal at the specified sink for an accepted Decrement
Bid or Up-to Congestion Transaction are included in the determination of demand
deviations. Bilateral transactions inside the PJM Region, as defined in section 1.7.10 of
this Schedule, will not be included in the determination of demand deviations.
(iii) Supply deviations will be assessed by comparing all day-ahead
transactions at a single transmission zone, hub, or interface against the real-time
transactions at that same transmission zone, hub, or interface. The scheduled megawatthour injection at the specified source for an accepted Increment Offer or Up-to
Congestion Transaction are included in the determination of supply deviations. Bilateral
transactions inside the PJM Region, as defined in section 1.7.10 of this Schedule, will not
be included in the determination of supply deviations.
(i)
At the end of each Operating Day, Market Sellers shall be credited on the basis of
their offered prices for synchronous condensing for purposes other than providing Synchronized
Reserve or Reactive Services, as well as the credits calculated as specified in Section 3.2.3(b) for
those generators committed solely for the purpose of providing synchronous condensing for
purposes other than providing Synchronized Reserve or Reactive Services, at the request of the
Office of the Interconnection.
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(j)
The sum of the foregoing credits as specified in Section 3.2.3(i) shall be the cost
of Operating Reserves for synchronous condensing for the PJM Region for purposes other than
providing Synchronized Reserve or Reactive Services, or in association with post-contingency
operation for the Operating Day and shall be separately determined for the PJM Region.
(k)
The cost of Operating Reserves for synchronous condensing for purposes other
than providing Synchronized Reserve or Reactive Services, or in association with postcontingency operation for each Operating Day shall be allocated and charged to each Market
Participant in proportion to the sum of its (i) deliveries of energy to load (net of operating Behind
The Meter Generation, but not to be less than zero) in the PJM Region, served under Network
Transmission Service, in megawatt-hours during that Operating Day; and (ii) deliveries of
energy sales from within the PJM Region to load outside such region in megawatt-hours during
that Operating Day, but not including its bilateral transactions that are Dynamic Transfers to load
outside the PJM Region pursuant to Section 1.12, as compared to the sum of all such deliveries
for all Market Participants.
(l)
For any Operating Day in either, as applicable, the Day-ahead Energy Market or
the Real-time Energy Market for which, for all or any part of such Operating Day, the Office of
the Interconnection: (i) declares a Maximum Generation Emergency; (ii) issues an alert that a
Maximum Generation Emergency may be declared (“Maximum Generation Emergency Alert”);
or (iii) schedules units based on the anticipation of a Maximum Generation Emergency or a
Maximum Generation Emergency Alert, the Operating Reserves credit otherwise provided by
Section 3.2.3.(b) or Section 3.2.3(e) in connection with market-based offers shall be limited as
provided in subsections (n) or (m), respectively. The Office of the Interconnection shall provide
timely notice on its internet site of the commencement and termination of any of the actions
described in subsection (i), (ii), or (iii) of this subsection (l) (collectively referred to as “MaxGen
Conditions”). Following the posting of notice of the commencement of a MaxGen Condition, a
Market Seller may elect to submit a cost-based offer in accordance with Schedule 2 of the
Operating Agreement, in which case subsections (m) and (n) shall not apply to such offer;
provided, however, that such offer must be submitted in accordance with the deadlines in Section
1.10 for the submission of offers in the Day-ahead Energy Market or Real-time Energy Market,
as applicable. Submission of a cost-based offer under such conditions shall not be precluded by
Section 1.9.7(b); provided, however, that the Market Seller must return to compliance with
Section 1.9.7(b) when it submits its bid for the first Operating Day after termination of the
MaxGen Condition.
(m)
For the Real-time Energy Market, if the Effective Offer Price (as defined below)
for a market-based offer is greater than $1,000/MWh and greater than the Market Seller’s lowest
available and applicable cost-based offer, the Market Seller shall not receive any credit for
Operating Reserves. For purposes of this subsection (m), the Effective Offer Price shall be the
amount that, absent subsections (l) and (m), would have been credited for Operating Reserves for
such Operating Day pursuant to Section 3.2.3(e) plus the Real-time Energy Market revenues for
the Real-time Settlement Intervals that the offer is economic divided by the megawatt hours of
energy provided during the Real-time Settlement Intervals that the offer is economic. The Realtime Settlement Intervals that the offer is economic shall be: (i) the Real-time Settlement
Intervals that the offer price for energy is less than or equal to the Real-time Price for the
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relevant generation bus, (ii) the Real-time Settlement Intervals in which the offer for energy is
greater than Locational Marginal Price and the unit is operated at the direction of the Office of
the Interconnection that are in addition to any Real-time Settlement Intervals required due to the
minimum run time or other operating constraint of the unit, and (iii) for any unit with a minimum
run time of one hour or less and with more than one start available per day, any hours the unit
operated at the direction of the Office of the Interconnection.
(n)
For the Day-ahead Energy Market, if notice of a MaxGen Condition is provided
prior to 10:30 a.m. on the day before the Operating Day for which transactions are being
scheduled and the Effective Offer Price for a market-based offer is greater than $1,000/MWh and
greater than the Market Seller’s lowest available and applicable cost-based offer, the Market
Seller shall not receive any credit for Operating Reserves. If notice of a MaxGen Condition is
provided after 10:30 a.m. on the day before the Operating Day for which transactions are being
scheduled and the Effective Offer Price is greater than $1,000/MWh, the Market Seller shall
receive credit for Operating Reserves determined in accordance with Section 3.2.3(b), subject to
the limit on total compensation stated below. If the Effective Offer Price is less than or equal to
$1,000/MWh, regardless of when notice of a MaxGen Condition is provided, the Market Seller
shall receive credit for Operating Reserves determined in accordance with Section 3.2.3(b),
subject to the limit on total compensation stated below. For purposes of this subsection (n), the
Effective Offer Price shall be the amount that, absent subsections (l) and (n), would have been
credited for Operating Reserves for such Operating Day divided by the megawatt hours of
energy offered during the Specified Hours, plus the offer for energy during such hours. The
Specified Hours shall be the lesser of: (1) the minimum run hours stated by the Market Seller in
its Offer Data; and (2) either (i) for steam-electric generating units and for combined-cycle units
when such units are operating in combined-cycle mode, the six consecutive hours of highest
Day-ahead Price during such Operating Day when such units are running or (ii) for combustion
turbine units and for combined-cycle units when such units are operating in combustion turbine
mode, the two consecutive hours of highest Day-ahead Price during such Operating Day when
such units are running. Notwithstanding any other provision in this subsection, the total
compensation to a Market Seller on any Operating Day that includes a MaxGen Condition shall
not exceed $1,000/MWh during the Specified Hours, where such total compensation in each
such hour is defined as the amount that, absent subsections (l) and (n), would have been credited
for Operating Reserves for such Operating Day pursuant to Section 3.2.3(b) divided by the
Specified Hours, plus the Day-ahead Price for such hour, and no Operating Reserves payments
shall be made for any other hour of such Operating Day. If a unit operates in real time at the
direction of the Office of the Interconnection consistently with its day-ahead clearing, then
subsection (m) does not apply.
(o)
Dispatchable pool-scheduled generation resources and dispatchable selfscheduled generation resources that follow dispatch shall not be assessed balancing Operating
Reserve deviations. Pool-scheduled generation resources and dispatchable self-scheduled
generation resources that do not follow dispatch shall be assessed balancing Operating Reserve
deviations in accordance with the calculations described below and in the PJM Manuals.
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The Office of the Interconnection shall calculate a ramp-limited desired MW value for
generation resources where the economic minimum and economic maximum are at least as far
apart in real-time as they are in day-ahead according to the following parameters:
(i)
real-time economic minimum <= 105% of day-ahead economic minimum
or day-ahead economic minimum plus 5 MW, whichever is greater.
(ii)
real-time economic maximum >= 95% day-ahead economic maximum or
day-ahead economic maximum minus 5 MW, whichever is lower.
The ramp-limited desired MW value for a generation resource shall be equal to:
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where:
1.
2.
3.
4.
5.

UDStarget = UDS basepoint for the previous UDS case
AOutput = Unit’s output at case solution time
UDSLAtime = UDS look ahead time
Case_Eff_time = Time between base point changes
RL_Desired = Ramp-limited desired MW

To determine if a generation resource is following dispatch the Office of the Interconnection
shall determine the unit’s MW off dispatch and % off dispatch by using the lesser of the
difference between the actual output and the UDS Basepoint or the actual output and ramplimited desired MW value for each Real-time Settlement Interval. If the UDS Basepoint and the
ramp-limited desired MW for the resource are unavailable, the Office of the Interconnection will
determine the unit’s MW off dispatch and % off dispatch by calculating the lesser of the
difference between the actual output and the UDS LMP Desired MW for each Real-time
Settlement Interval.
A pool-scheduled or dispatchable self-scheduled resource is considered to be following dispatch
if its actual output is between its ramp-limited desired MW value and UDS Basepoint, or if its %
off dispatch is <= 10, or its Real-time Settlement Interval MWh is within 5% of the Real-time
Settlement Interval ramp-limited desired MW. A self-scheduled generator must also be
dispatched above economic minimum. The degree of deviations for resources that are not
following dispatch shall be determined for each Real-time Settlement Interval in accordance with
the following provisions:
•

A dispatchable self-scheduled resource that is not dispatched above economic
minimum shall be assessed balancing Operating Reserve deviations according to the
following formula: Real-time Settlement Interval MWh – Day-Ahead MWh.
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•

A resource that is dispatchable day-ahead but is Fixed Gen in real-time shall be
assessed balancing Operating Reserve deviations according to the following formula:
Real-time Settlement Interval MWh – UDS LMP Desired MW.

•

Pool-scheduled generators that are not following dispatch shall be assessed balancing
Operating Reserve deviations according to the following formula: Real-time
Settlement Interval MWh –Ramp-Limited Desired MW.

•

If a resource’s real-time economic minimum is greater than its day-ahead economic
minimum by 5% or 5 MW, whichever is greater, or its real-time economic maximum
is less than its Day Ahead economic maximum by 5% or 5 MW, whichever is lower,
and UDS LMP Desired MWh for the Real-time Settlement Interval is either below
the real time economic minimum or above the real time economic maximum, then
balancing Operating Reserve deviations for the resource shall be assessed according
to the following formula: Real time Settlement Interval MWh – UDS LMP Desired
MWh.

•

If a resource is not following dispatch and its % Off Dispatch is <= 20%, balancing
Operating Reserve deviations shall be assessed according to the following formula:
Real-time Settlement Interval MWh – Ramp-Limited Desired MW. If deviation value
is within 5% of Ramp-Limited Desired MW, balancing Operating Reserve deviations
shall not be assessed.

•

If a resource is not following dispatch and its % off Dispatch is > 20%, balancing
Operating Reserve deviations shall be assessed according to the following formula:
Real time Settlement Interval MWh – UDS LMP Desired MWh.

•

If a resource is not following dispatch, and the resource has tripped, for the Real-time
Settlement Interval the resource tripped and the Real-time Settlement Intervals it
remains offline throughout its day-ahead schedule balancing Operating Reserve
deviations shall be assessed according to the following formula: Real time Settlement
Interval MWh – Day-Ahead MWh.

•

For resources that are not dispatchable in both the Day-Ahead and Real-time Energy
Markets balancing Operating Reserve deviations shall be assessed according to the
following formula: Real-time Settlement Interval MWh - Day-Ahead MWh.

If a resource has a sum of the absolute value of generator deviations for an hour that is less than
5 MWh, then the resource shall not be assessed balancing Operating Reserve deviations for that
hour.
(o-1) Dispatchable economic load reduction resources that follow dispatch shall not be
assessed balancing Operating Reserve deviations. Economic load reduction resources that do not
follow dispatch shall be assessed balancing Operating Reserve deviations as described in this
subsection and as further specified in the PJM Manuals.
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The Desired MW quantity for such resources for each hour shall be the hourly integrated MW
quantity to which the load reduction resource was dispatched for each hour (where the hourly
integrated value is the average of the dispatched values as determined by the Office of the
Interconnection for the resource for each hour).
If the actual reduction quantity for the load reduction resource for a given hour deviates by no
more than 20% above or below the Desired MW quantity, then no balancing Operating Reserve
deviation will accrue for that hour. If the actual reduction quantity for the load reduction
resource for a given hour is outside the 20% bandwidth, the balancing Operating Reserve
deviations will accrue for that hour in the amount of the absolute value of (Desired MW – actual
reduction quantity). For those hours where the actual reduction quantity is within the 20%
bandwidth specified above, the load reduction resource will be eligible to be made whole for the
total value of its offer as defined in section 3.3A of this Appendix. Hours for which the actual
reduction quantity is outside the 20% bandwidth will not be eligible for the make-whole
payment. If at least one hour is not eligible for make-whole payment based on the 20% criteria,
then the resource will also not be made whole for its shutdown cost.
(p)
The Office of the Interconnection shall allocate the charges assessed pursuant to
Section 3.2.3(h) of Schedule 1 of this Agreement except those associated with the scheduling of
units for Black Start service or testing of Black Start Units as provided in Schedule 6A of the
PJM Tariff, to real-time deviations from day-ahead schedules or real-time load share plus exports
depending on whether the underlying balancing Operating Reserve credits are related to
resources scheduled during the reliability analysis for an Operating Day, or during the actual
Operating Day.
(i)
For resources scheduled by the Office of the Interconnection during the
reliability analysis for an Operating Day, the associated balancing Operating Reserve
charges shall be allocated based on the reason the resource was scheduled according to
the following provisions:
(A)
If the Office of the Interconnection determines during the
reliability analysis for an Operating Day that a resource was 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, the associated balancing Operating Reserve charges shall be
allocated to real-time deviations from day-ahead schedules.
(B)
If the Office of the Interconnection determines during the
reliability analysis for an Operating Day that a resource was committed to
maintain system reliability, the associated balancing Operating Reserve charges
shall be allocated according to ratio share of real time load plus export
transactions.
(C)
If the Office of the Interconnection determines during the
reliability analysis for an Operating Day that a resource with a day-ahead
schedule is required to deviate from that schedule to provide balancing Operating
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Reserves, the associated balancing Operating Reserve charges shall be allocated
pursuant to (A) or (B) above.
(ii)
For resources scheduled during an Operating Day, the associated
balancing Operating Reserve charges shall be allocated according to the following
provisions:
(A)
If the Office of the Interconnection directs a resource to operate
during an Operating Day to provide balancing Operating Reserves, the associated
balancing Operating Reserve charges shall be allocated according to ratio share of
load plus exports. The foregoing notwithstanding, charges will be assessed
pursuant to this section only if the LMP at the resource’s bus does not meet or
exceed the applicable offer of the resource for at least four-5-minute intervals
during one or more discrete clock hours during each period the resource operated
and produced MWs during the relevant Operating Day. If a resource operated
and produced MWs for less than four 5-minute intervals during one or more
discrete clock hours during the relevant Operating Day, the charges for that
resource during the hour it was operated less than four 5-minute intervals will be
identified as being in the same category as identified for the Operating Reserves
for the other discrete clock hours.
(B)
If the Office of the Interconnection directs a resource not covered
by Section 3.2.3(h)(ii)(A) of Schedule 1 of this Agreement to operate in real-time
during an Operating Day, the associated balancing Operating Reserve charges
shall be allocated according to real-time deviations from day-ahead schedules.
(q)
The Office of the Interconnection shall determine regional balancing Operating
Reserve rates for the Western and Eastern Regions of the PJM Region. For the purposes of this
section, the Western Region shall be the AEP, APS, ComEd, Duquesne, Dayton, ATSI, DEOK,
EKPC transmission Zones, and the Eastern Region shall be the AEC, BGE, Dominion,
PENELEC, PEPCO, ME, PPL, JCPL, PECO, DPL, PSEG, RE transmission Zones. The regional
balancing Operating Reserve rates shall be determined in accordance with the following
provisions:
(i)
The Office of the Interconnection shall calculate regional adder rates for
the Eastern and Western Regions. Regional adder rates shall be equal to the total
balancing Operating Reserve credits paid to generators for transmission constraints that
occur on transmission system capacity equal to or less than 345kv. The regional adder
rates shall be separated into reliability and deviation charges, which shall be allocated to
real-time load or real-time deviations, respectively. Whether the underlying credits are
designated as reliability or deviation charges shall be determined in accordance with
Section 3.2.3(p).
(ii)
The Office of the Interconnection shall calculate RTO balancing
Operating Reserve rates. RTO balancing Operating Reserve rates shall be equal to
balancing Operating Reserve credits except those associated with the scheduling of units

Page 76

for Black Start service or testing of Black Start Units as provided in Schedule 6A of the
PJM Tariff, in excess of the regional adder rates calculated pursuant to Section 3.2.3(q)(i)
of Schedule 1 of this Agreement. The RTO balancing Operating Reserve rates shall be
separated into reliability and deviation charges, which shall be allocated to real-time load
or real-time deviations, respectively. Whether the underlying credits are allocated as
reliability or deviation charges shall be determined in accordance with Section 3.2.3(p).
(iii) Reliability and deviation regional balancing Operating Reserve rates shall
be determined by summing the relevant RTO balancing Operating Reserve rates and
regional adder rates.
(iv)
If the Eastern and/or Western Regions do not have regional adder rates,
the relevant regional balancing Operating Reserve rate shall be the reliability and/or
deviation RTO balancing Operating Reserve rate.
(r)
Market Sellers that incur incremental operating costs for a generation resource
that are either greater than $1,000/MWh as determined in accordance with the Market Seller’s
PJM-approved Fuel Cost Policy, Schedule 2 of the Operating Agreement and PJM Manual 15,
but are not verified at the time of dispatch of the resource under section 6.4.3 of this Schedule, or
greater than $2,000/MWh as determined in accordance with the Market Seller’s PJM-approved
Fuel Cost Policy, Schedule 2 of the Operating Agreement, and PJM Manual 15, will be eligible
to receive credit for Operating Reserves upon review of the Market Monitoring Unit and the
Office of the Interconnection, and approval of the Office of the Interconnection. Market Sellers
must submit to the Office of the Interconnection and the Market Monitoring Unit all relevant
documentation demonstrating the calculation of costs greater than $2,000/MWh, and costs
greater than $1,000/MWh which were not verified at the time of dispatch of the resource under
section 6.4.3 of this Schedule. The Office of the Interconnection must approve any Operating
Reserve credits paid to a Market Seller under this subsection (r).

3.2.3A Synchronized Reserve.
(a)
Each Market Participant that is a Load Serving Entity that is not part of an
agreement to share reserves with external entities subject to the requirements in BAL-002 shall have
an obligation for hourly Synchronized Reserve equal to its pro rata share of Synchronized
Reserve requirements for the hour for each Reserve Zone and Reserve Sub-zone of the PJM
Region, based on the Market Participant’s total load (net of operating Behind The Meter
Generation, but not to be less than zero) in such Reserve Zone or Reserve Sub-zone for the hour
(“Synchronized Reserve Obligation”), less any amount obtained from condensers associated with
provision of Reactive Services as described in section 3.2.3B(i) and any amount obtained from
condensers associated with post-contingency operations, as described in section 3.2.3C(b).
Those entities that participate in an agreement to share reserves with external entities subject to the
requirements in BAL-002 shall have their reserve obligations determined based on the stipulations in
such agreement. A Market Participant with an hourly Synchronized Reserve Obligation shall be
charged the pro rata share of the sum of the quantity of Synchronized Reserves provided in each
Real-time Settlement Interval times the clearing price for all Real-time Settlement Intervals in
the hour associated with that obligation.
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(b)
A resource supplying Synchronized Reserve at the direction of the Office of the
Interconnection, in excess of its hourly Synchronized Reserve Obligation, shall be credited as
follows:
i)
Credits for Synchronized Reserve provided by generation resources that
are then subject to the energy dispatch signals and instructions of the Office of the
Interconnection and that increase their current output or Demand Resources that reduce
their load in response to a Synchronized Reserve Event (“Tier 1 Synchronized Reserve”)
shall be at the Synchronized Energy Premium Price, as described in 3.2.3A (c), with the
exception of those Real-time Settlement Intervals in which the Non-Synchronized
Reserve Market Clearing Price for the applicable Reserve Zone or Reserve Sub-zone is
not equal to zero. During such hours, Tier 1 Synchronized Reserve resources shall be
compensated at the Synchronized Reserve Market Clearing Price for the applicable
Reserve Zone or Reserve Sub-zone for the lesser of the amount of Tier 1 Synchronized
Reserve attributed to the resource as calculated by the Office of the Interconnection, or
the actual amount of Tier 1 Synchronized Reserve provided should a Synchronized
Reserve Event occur in a Real-time Settlement Interval.
ii)
Credits for Synchronized Reserve provided by generation resources that
are synchronized to the grid but, at the direction of the Office of the Interconnection, are
operating at a point that deviates from the Office of the Interconnection energy dispatch
signals and instructions (“Tier 2 Synchronized Reserve”) shall be the higher of (i) the
Synchronized Reserve Market Clearing Price or (ii) the sum of (A) the Synchronized
Reserve offer, and (B) the specific opportunity cost of the generation resource supplying
the increment of Synchronized Reserve, as determined by the Office of the
Interconnection to a Synchronized Reserve Event in a Real-time Settlement Interval in
accordance with procedures specified in the PJM Manuals.
iii)
Credits for Synchronized Reserve provided by Demand Resources that are
synchronized to the grid and accept the obligation to reduce load in response to a
Synchronized Reserve Event in a Real-time Settlement Interval initiated by the Office of
the Interconnection shall be the sum of (i) the higher of (A) the Synchronized Reserve
offer or (B) the Synchronized Reserve Market Clearing Price and (ii) if a Synchronized
Reserve Event is actually initiated by the Office of the Interconnection and the Demand
Resource reduced its load in response to the event, the fixed costs associated with
achieving the load reduction, as specified in the PJM Manuals.
(c)
The Synchronized Reserve Energy Premium Price is an adder in an amount to be
determined periodically by the Office of the Interconnection not less than fifty dollars and not to
exceed one hundred dollars per megawatt hour.
(d)
The Synchronized Reserve Market Clearing Price shall be determined for each
Reserve Zone and Reserve Sub-zone by the Office of the Interconnection for each Real-time
Settlement Interval of the Operating Day. The hourly Synchronized Reserve Market Clearing
Price shall be calculated as the 5-minute clearing price. Each 5-minute clearing price shall be
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calculated as the marginal cost of serving the next increment of demand for Synchronized
Reserve in each Reserve Zone or Reserve Sub-zone, inclusive of Synchronized Reserve offer
prices and opportunity costs. When the Synchronized Reserve Requirement or Extended
Synchronized Reserve Requirement in a Reserve Zone or Reserve Sub-zone cannot be met, the
5-minute clearing price shall be at least greater than or equal to the applicable Reserve Penalty
Factor for the Reserve Zone or Reserve Sub-zone, but less than or equal to the sum of the
Reserve Penalty Factors for the Synchronized Reserve Requirement and Primary Reserve
Requirement for the Reserve Zone or Reserve Sub-zone. If the Office of the Interconnection
has initiated in a Reserve Zone or Reserve Sub-zone either a Voltage Reduction Action as
described in the PJM Manuals or a Manual Load Dump Action as described in the PJM Manuals,
the 5-minute clearing price shall be the sum of the Reserve Penalty Factors for the Primary
Reserve Requirement and the Synchronized Reserve Requirement for that Reserve Zone or
Reserve Sub-zone.
The Reserve Penalty Factor for the Synchronized Reserve Requirement shall be $850/MWh.
The Reserve Penalty Factor for the Extended Synchronized Reserve Requirement shall be
$300/MWh.
By no later than April 30 of each year, the Office of the Interconnection will analyze Market
Participants’ response to prices exceeding $1,000/MWh on an annual basis and will provide its
analysis to PJM stakeholders. The Office of the Interconnection will also review this analysis to
determine whether any changes to the Synchronized Reserve Penalty Factors are warranted for
subsequent Delivery Year(s).
(e)
For each Real-time Settlement Interval and for determining the 5-minute
Synchronized Reserve clearing price, the estimated unit-specific opportunity cost for a
generation resource will be determined in accordance with the following equation:
(A x B) + (C x D)
Where
A = The Locational Marginal Price at the generation bus for the generation resource;
B = The megawatts of energy used to provide Synchronized Reserve submitted as part
of the Synchronized Reserve offer;
C = The deviation of the set point of the generation resource that is expected to be
required in order to provide Synchronized Reserve from the generation resource’s
expected output level if it had been dispatched in economic merit order; and
D = The difference between the Locational Marginal Price at the generation bus for the
generation resource and the offer price for energy from the generation resource (at the
megawatt level of the Synchronized Reserve set point for the resource) in the PJM
Interchange Energy Market when the Locational Marginal Price at the generation bus is
greater than the offer price for energy from the generation resource.
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The opportunity costs for a Demand Resource shall be zero.
(f)
In determining the credit under subsection (b) to a resource selected to provide
Tier 2 Synchronized Reserve and that actively follows the Office of the Interconnection’s signals
and instructions, the unit-specific opportunity cost of a generation resource shall be determined
for each Real-time Settlement Interval that the Office of the Interconnection requires a generation
resource to provide Tier 2 Synchronized Reserve and shall be in accordance with the following
equation:
(A x B) + (C x D)
Where:
A = The megawatts of energy used by the resource to provide Synchronized Reserve as
submitted as part of the generation resource’s Synchronized Reserve offer;
B = The Locational Marginal Price at the generation bus of the generation resource;
C = The deviation of the generation resource’s output necessary to follow the Office of
the Interconnection’s signals and instructions from the generation resource’s expected output
level if it had been dispatched in economic merit order; and
D = The difference between the Locational Marginal Price at the generation bus for the
generation resource and the offer price for energy from the generation resource (at the megawatt
level of the Synchronized Reserve set point for the generation resource) in the PJM Interchange
Energy Market when the Locational Marginal Price at the generation bus is greater than the offer
price for energy from the generation resource.
The opportunity costs for a Demand Resource shall be zero.
(g)
Charges for Tier 1 Synchronized Reserve will be allocated in proportion to the
amount of Tier 1 Synchronized Reserve applied to each Synchronized Reserve Obligation. In
the event Tier 1 Synchronized Reserve is provided by a Market Participant in excess of that
Market Participant’s Synchronized Reserve Obligation, the Tier 1 Synchronized Reserve that is
not utilized to fulfill the Market Participant’s obligation will be allocated proportionately among
all other Synchronized Reserve Obligations.
(h)
Any amounts credited for Tier 2 Synchronized Reserve in a Real-time Settlement
Interval in excess of the Synchronized Reserve Market Clearing Price in that Real-time
Settlement Interval shall be allocated and charged to each Market Participant that does not meet
its hourly Synchronized Reserve Obligation in proportion to its purchases of Synchronized
Reserve in megawatt-hours during that hour.
(i)
In the event the Office of the Interconnection needs to assign more Tier 2
Synchronized Reserve during a Real-time Settlement Interval than was estimated as needed at the
time the Synchronized Reserve Market Clearing Price was calculated for that Real-time
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Settlement Interval due to a reduction in available Tier 1 Synchronized Reserve, the costs of the
excess Tier 2 Synchronized Reserve shall be allocated and charged to those providers of Tier 1
Synchronized Reserve whose available Tier 1 Synchronized Reserve was reduced from the
needed amount estimated during the Synchronized Reserve Market Clearing Price calculation, in
proportion to the amount of the reduction in Tier 1 Synchronized Reserve availability.
(j)
In the event a generation resource or Demand Resource that either has been
assigned by the Office of the Interconnection or self-scheduled to provide Tier 2 Synchronized
Reserve fails to provide the assigned or self-scheduled amount of Tier 2 Synchronized Reserve
in response to a Synchronized Reserve Event, the resource will be credited for Tier 2
Synchronized Reserve capacity in the amount that actually responded for all Real-time
Settlement Intervals the resource was assigned or self-scheduled Tier 2 Synchronized Reserve on
the Operating Day during which the event occurred. The determination of the amount of
Synchronized Reserve credited to a resource shall be on an individual resource basis, not on an
aggregate basis.
The resource shall refund payments received for Tier 2 Synchronized Reserve it failed to
provide. For purposes of determining the amount of the payments to be refunded by a Market
Participant, the Office of the Interconnection shall calculate the shortfall of Tier 2 Synchronized
Reserve on an individual resource basis unless the Market Participant had multiple resources that
were assigned or self-scheduled to provide Tier 2 Synchronized Reserve, in which case the
shortfall will be determined on an aggregate basis. For performance determined on an aggregate
basis, the response of any resource that provided more Tier 2 Synchronized Reserve than it was
assigned or self-scheduled to provide will be used to offset the performance of other resources
that provided less Tier 2 Synchronized Reserve than they were assigned or self-scheduled to
provide during a Synchronized Reserve Event, as calculated in the PJM Manuals. The
determination of a Market Participant’s aggregate response shall not be taken into consideration
in the determination of the amount of Tier 2 Synchronized Reserve credited to each individual
resource.
The amount refunded shall be determined by multiplying the Synchronized Reserve Market
Clearing Price by the amount of the shortfall of Tier 2 Synchronized Reserve, measured in
megawatts, for all intervals the resource was assigned or self-scheduled to provide Tier 2
Synchronized Reserve for a period of time immediately preceding the Synchronized Reserve
Event equal to the lesser of the average number of days between Synchronized Reserve Events,
or the number of days since the resource last failed to provide the amount of Tier 2 Synchronized
Reserve it was assigned or self-scheduled to provide in response to a Synchronized Reserve
Event. The average number of days between Synchronized Reserve Events for purposes of this
calculation shall be determined by an annual review of the twenty-four month period ending
October 31 of the calendar year in which the review is performed, and shall be rounded down to
a whole day value. The Office of the Interconnection shall report the results of its annual review
to stakeholders by no later than December 31, and the average number of days between
Synchronized Reserve Events shall be effective as of the following January 1. The refunded
charges shall be allocated as credits to Market Participants based on its pro rata share of the
Synchronized Reserve Obligation megawatts less any Tier 1 Synchronized Reserve applied to its
Synchronized Reserve Obligation in the hour(s) of the Synchronized Reserve Event for the
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Reserve Sub-zone or Reserve Zone, except that Market Participants that incur a refund obligation
and also have an applicable Synchronized Reserve Obligation during the hour(s) of the
Synchronized Reserve Event shall not be included in the allocation of such refund credits. If the
event spans multiple hours, the refund credits will be prorated hourly based on the duration of
the event within each clock hour.
(k)
The magnitude of response to a Synchronized Reserve Event by a generation
resource or a Demand Resource, except for Batch Load Demand Resources covered by section
3.2.3A(l), is the difference between the generation resource’s output or the Demand Resource’s
consumption at the start of the event and its output or consumption 10 minutes after the start of
the event. In order to allow for small fluctuations and possible telemetry delays, generation
resource output or Demand Resource consumption at the start of the event is defined as the
lowest telemetered generator resource output or greatest Demand Resource consumption
between one minute prior to and one minute following the start of the event. Similarly, a
generation resource's output or a Demand Resource's consumption 10 minutes after the event is
defined as the greatest generator resource output or lowest Demand Resource consumption
achieved between 9 and 11 minutes after the start of the event. The response actually credited to
a generation resource will be reduced by the amount the megawatt output of the generation
resource falls below the level achieved after 10 minutes by either the end of the event or after 30
minutes from the start of the event, whichever is shorter. The response actually credited to a
Demand Resource will be reduced by the amount the megawatt consumption of the Demand
Resource exceeds the level achieved after 10 minutes by either the end of the event or after 30
minutes from the start of the event, whichever is shorter.
(l)
The magnitude of response by a Batch Load Demand Resource that is at the stage
in its production cycle when its energy consumption is less than the level of megawatts in its
offer at the start of a Synchronized Reserve Event shall be the difference between (i) the Batch
Load Demand Resource’s consumption at the end of the Synchronized Reserve Event and (ii) the
Batch Load Demand Resource’s consumption during the minute within the ten minutes after the
end of the Synchronized Reserve Event in which the Batch Load Demand Resource’s
consumption was highest and for which its consumption in all subsequent minutes within the ten
minutes was not less than fifty percent of the consumption in such minute; provided that, the
magnitude of the response shall be zero if, when the Synchronized Reserve Event commences,
the scheduled off-cycle stage of the production cycle is greater than ten minutes. .
3.2.3A.001 Non-Synchronized Reserve.
(a)
Each Market Participant that is a Load Serving Entity that is not part of an
agreement to share reserves with external entities subject to the requirements in BAL-002 shall have
an obligation for hourly Non-Synchronized Reserve equal to its pro rata share of NonSynchronized Reserve assigned for the hour for each Reserve Zone and Reserve Sub-zone of the
PJM Region, based on the Market Participant’s total load (net of operating Behind The Meter
Generation, but not to be less than zero) in such Reserve Zone and Reserve Sub-zone for the
hour (“Non-Synchronized Reserve Obligation”). Those entities that participate in an agreement to
share reserves with external entities subject to the requirements in BAL-002 shall have their reserve
obligations determined based on the stipulations in such agreement. A Market Participant with an
hourly Non-Synchronized Reserve Obligation shall be charged the pro rata share of the sum of
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the quantity of Non-Synchronized Reserves provided in each Real-time Settlement Interval times
the clearing price for all Real-time Settlement Intervals in the hour associated with that
obligation.
(b)
Credits for Non-Synchronized Reserve provided by generation resources that are
not operating for energy at the direction of the Office of the Interconnection specifically for the
purpose of providing Non-Synchronized Reserve shall be the higher of (i) the Non-Synchronized
Reserve Market Clearing Price or (ii) the specific opportunity cost of the generation resource
supplying the increment of Non-Synchronized Reserve, as determined by the Office of the
Interconnection in accordance with procedures specified in the PJM Manuals.
(c)
The Non-Synchronized Reserve Market Clearing Price shall be determined for
each Reserve Zone and Reserve Sub-zone by the Office of the Interconnection for each Realtime Settlement Interval of the Operating Day. The Non-Synchronized Reserve Market Clearing
Price shall be calculated as the 5-minute clearing price. Each 5-minute clearing price shall be
calculated as the marginal cost of procuring sufficient Non-Synchronized Reserves and/or
Synchronized Reserves in each Reserve Zone or Reserve Sub-zone inclusive of opportunity costs
associated with meeting the Primary Reserve Requirement or Extended Primary Reserve
Requirement. When the Primary Reserve Requirement or Extended Primary Reserve
Requirement in a Reserve Zone or Reserve Sub-zone cannot be met at a price less than or equal
to the applicable Reserve Penalty Factor, the 5-minute clearing price for Non-Synchronized
Reserve shall be at least greater than or equal to the applicable Reserve Penalty Factor for the
Reserve Zone or Reserve Sub-zone, but less than or equal to the Reserve Penalty Factor for the
Primary Reserve Requirement for the Reserve Zone or Reserve Sub-zone. If the Office of the
Interconnection has initiated in a Reserve Zone or Reserve Sub-zone either a Voltage Reduction
Action as described in the PJM Manuals or a Manual Load Dump Action as described in the PJM
Manuals, the 5-minute clearing price shall be the Reserve Penalty Factor for the Primary Reserve
Requirement for that Reserve Zone or Reserve Sub-zone.
The Reserve Penalty Factor for the Synchronized Reserve Requirement shall be $850/MWh.
The Reserve Penalty Factor for the Extended Primary Reserve Requirement shall be $300/MWh.
By no later than April 30 of each year, the Office of the Interconnection will analyze Market
Participants’ response to prices exceeding $1,000/MWh on an annual basis and will provide its
analysis to PJM stakeholders. The Office of the Interconnection will also review this analysis to
determine whether any changes to the Primary Reserve Penalty Factors are warranted for
subsequent Delivery Year(s).
(d)
For each Real-time Settlement Interval and for determining the 5-minute NonSynchronized Reserve clearing price, the unit-specific opportunity cost for a generation resource
that is not providing energy because they are providing Non-Synchronized Reserves will be
determined in accordance with the following equation:
(A x B) – C
Where:
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A = The deviation of the generation resource’s output necessary to follow the Office of
the Interconnection’s signals and instructions from the generation resource’s expected
output level if it had been dispatched in economic merit order;
B = The Locational Marginal Price at the generation bus for the generation resource; and
C = The applicable offer for energy from the generation resource in the PJM Interchange
Energy Market.
(e)
In determining the credit under subsection (b) to a resource selected to provide
Non-Synchronized Reserve and that follows the Office of the Interconnection’s signals and
instructions, the unit-specific opportunity cost of a generation resource shall be determined for
each Real-time Settlement Interval that the Office of the Interconnection requires a generation
resource to provide Non- Synchronized Reserve and shall be in accordance with the following
equation:
(A x B) – C
Where:
A = The deviation of the generation resource’s output necessary to follow the Office of
the Interconnection’s signals and instructions from the generation resource’s expected
output level if it had been dispatched in economic merit order;
B = The Locational Marginal Price at the generation bus for the generation resource;
C = The applicable offer for energy from the generation resource in the PJM Interchange
Energy Market.
(f)
Any amounts credited for Non-Synchronized Reserve in a Real-time Settlement
Interval in excess of the Non-Synchronized Reserve Market Clearing Price in that Real-time
Settlement Interval shall be allocated and charged to each Market Participant that does not meet
its hourly Non-Synchronized Reserve Obligation in proportion to its purchases of NonSynchronized Reserve in megawatt-hours during that hour.
(g)
The magnitude of response to a Non-Synchronized Reserve Event by a generation
resource is the difference between the generation resource’s output at the start of the event and
its output 10 minutes after the start of the event. In order to allow for small fluctuations and
possible telemetry delays, generation resource output at the start of the event is defined as the
lowest telemetered generator resource output between one minute prior to and one minute
following the start of the event. Similarly, a generation resource's output 10 minutes after the
start of the event is defined as the greatest generator resource output achieved between 9 and 11
minutes after the start of the event. The response actually credited to a generation resource will
be reduced by the amount the megawatt output of the generation resource falls below the level
achieved after 10 minutes by either the end of the event or after 30 minutes from the start of the
event, whichever is shorter.
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(h)
In the event a generation resource that has been assigned by the Office of the
Interconnection to provide Non-Synchronized Reserve fails to provide the assigned amount of
Non-Synchronized Reserve in response to a Non-Synchronized Reserve Event, the resource will
be credited for Non-Synchronized Reserve capacity in the amount that actually responded for the
contiguous Real-time Settlement Interval the resource was assigned Non-Synchronized Reserve
during which the event occurred.
3.2.3A.01 Day-ahead Scheduling Reserves.
(a)
The Office of the Interconnection shall satisfy the Day-ahead Scheduling
Reserves Requirement by procuring Day-ahead Scheduling Reserves in the Day-ahead
Scheduling Reserves Market from Day-ahead Scheduling Reserves Resources, provided that
Demand Resources shall be limited to providing the lesser of any limit established by the
Reliability First Corporation or SERC, as applicable, or twenty-five percent of the total Dayahead Scheduling Reserves Requirement. Day-ahead Scheduling Reserves Resources that clear
in the Day-ahead Scheduling Reserves Market shall receive a Day-ahead Scheduling Reserves
schedule from the Office of the Interconnection for the relevant Operating Day. PJMSettlement
shall be the Counterparty to the purchases and sales of Day-ahead Scheduling Reserves in the
PJM Interchange Energy Market; provided that PJMSettlement shall not be a contracting party to
bilateral transactions between Market Participants or with respect to a self-schedule or selfsupply of generation resources by a Market Buyer to satisfy its Day-ahead Scheduling Reserves
Requirement.
(b)
A Day-ahead Scheduling Reserves Resource that receives a Day-ahead
Scheduling Reserves schedule pursuant to subsection (a) of this section shall be paid the hourly
Day-ahead Scheduling Reserves Market clearing price for the cleared megawatt quantity of Dayahead Scheduling Reserves in each hour of the schedule, subject to meeting the requirements of
subsection (c) of this section.
(c)
To be eligible for payment pursuant to subsection (b) of this section, Day-ahead
Scheduling Reserves Resources shall comply with the following provisions:
(i)
Generation resources with a start time greater than thirty minutes are
required to be synchronized and operating at the direction of the Office of the
Interconnection during the resource’s Day-ahead Scheduling Reserves schedule and shall
have a dispatchable range equal to or greater than the Day-ahead Scheduling Reserves
schedule.
(ii)
Generation resources and Demand Resources with start times or shutdown times, respectively, equal to or less than 30 minutes are required to respond to
dispatch directives from the Office of the Interconnection during the resource’s Dayahead Scheduling Reserves schedule. To meet this requirement the resource shall be
required to start or shut down within the specified notification time plus its start or shut
down time, provided that such time shall be less than thirty minutes.
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(iii) Demand Resources with a Day-ahead Scheduling Reserves schedule shall
be credited based on the difference between the resource’s MW consumption at the time
the resource is directed by the Office of the Interconnection to reduce its load (starting
MW usage) and the resource’s MW consumption at the time when the Demand Resource
is no longer dispatched by PJM (ending MW usage). For the purposes of this subsection,
a resource’s starting MW usage shall be the greatest telemetered consumption between
one minute prior to and one minute following the issuance of a dispatch instruction from
the Office of the Interconnection, and a resource’s ending MW usage shall be the lowest
consumption between one minute before and one minute after a dispatch instruction from
the Office of the Interconnection that is no longer necessary to reduce.
(iv)
Notwithstanding subsection (iii) above, the credit for a Batch Load
Demand Resource that is at the stage in its production cycle when its energy consumption
is less than the level of megawatts in its offer at the time the resource is directed by the
Office of the Interconnection to reduce its load shall be the difference between (i) the
“ending MW usage” (as defined above) and (ii) the Batch Load Demand Resource’s
consumption during the minute within the ten minutes after the time of the “ending MW
usage” in which the Batch Load Demand Resource’s consumption was highest and for
which its consumption in all subsequent minutes within the ten minutes was not less than
fifty percent of the consumption in such minute; provided that, the credit shall be zero if,
at the time the resource is directed by the Office of the Interconnection to reduce its load,
the scheduled off-cycle stage of the production cycle is greater than the timeframe for
which the resource was dispatched by PJM.
Resources that do not comply with the provisions of this subsection (c) shall not be eligible to
receive credits pursuant to subsection (b) of this section.
(d) The hourly credits paid to Day-ahead Scheduling Reserves Resources satisfying the Base
Day-ahead Scheduling Reserves Requirement (“Base Day-ahead Scheduling Reserves credits”)
shall equal the ratio of the Base Day-ahead Scheduling Reserves Requirement to the Day-ahead
Scheduling Reserves Requirement, multiplied by the total credits paid to Day-ahead Scheduling
Reserves Resources, and are allocated as Base Day-ahead Scheduling Reserves charges per
paragraph (i) below. The hourly credits paid to Day-ahead Scheduling Reserve Resources
satisfying the Additional Day-ahead Scheduling Reserve Requirement (“Additional Day-ahead
Scheduling Reserves credits”) shall equal the ratio of the Additional Day-ahead Scheduling
Reserves Requirement to the Day-ahead Scheduling Reserves Requirement, multiplied by the
total credits paid to Day-ahead Scheduling Reserves Resources and are allocated as Additional
Day-ahead Scheduling Reserves charges per paragraph (ii) below.
(i)

A Market Participant’s Base Day-ahead Scheduling Reserves charge is equal to
the ratio of the Market Participant’s hourly obligation to the total hourly
obligation of all Market Participants in the PJM Region, multiplied by the Base
Day-ahead Scheduling Reserves credits. The hourly obligation for each Market
Participant is a megawatt representation of the portion of the Base Day-ahead
Scheduling Reserves credits that the Market Participant is responsible for paying
to PJM. The hourly obligation is equal to the Market Participant’s load ratio
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share of the total megawatt volume of Base Day-ahead Scheduling Reserves
resources (described below), based on the Market Participant’s total hourly load
(net of operating Behind The Meter Generation, but not to be less than zero) to the
total hourly load of all Market Participants in the PJM Region. The total
megawatt volume of Base Day-ahead Scheduling Reserves resources equals the
ratio of the Base Day-ahead Scheduling Reserves Requirement to the Day-ahead
Scheduling Reserves Requirement multiplied by the total volume of Day-ahead
Scheduling Reserves megawatts paid pursuant to paragraph (c) of this section. A
Market Participant’s hourly Day-ahead Scheduling Reserves obligation can be
further adjusted by any Day-ahead Scheduling Reserve bilateral transactions.
(ii)

Additional Day-ahead Scheduling Reserves credits shall be charged hourly to
Market Participants that are net purchasers in the Day-ahead Energy Market based
on its positive demand difference ratio share. The positive demand difference for
each Market Participant is the difference between its real-time load (net of
operating Behind The Meter Generation, but not to be less than zero) and cleared
Demand Bids in the Day-ahead Energy Market, net of cleared Increment Offers
and cleared Decrement Bids in the Day-ahead Energy Market, when such value is
positive. Net purchasers in the Day-ahead Energy Market are those Market
Participants that have cleared Demand Bids plus cleared Decrement Bids in
excess of its amount of cleared Increment Offers in the Day-ahead Energy
Market. If there are no Market Participants with a positive demand difference, the
Additional Day-ahead Scheduling Reserves credits are allocated according to
paragraph (i) above.

(e)
If the Day-ahead Scheduling Reserves Requirement is not satisfied through the
operation of subsection (a) of this section, any additional Operating Reserves required to meet
the requirement shall be scheduled by the Office of the Interconnection pursuant to Section 3.2.3
of Schedule 1 of this Agreement.
3.2.3B Reactive Services.
(a)
A Market Seller providing Reactive Services at the direction of the Office of the
Interconnection shall be credited as specified below for the operation of its resource. These
provisions are intended to provide payments to generating units when the LMP dispatch
algorithms would not result in the dispatch needed for the required reactive service. LMP will be
used to compensate generators that are subject to redispatch for reactive transfer limits.
(b)
At the end of each Operating Day, where the active energy output of a Market
Seller’s resource is reduced or suspended at the request of the Office of the Interconnection for
the purpose of maintaining reactive reliability within the PJM Region, the Market Seller shall be
credited according to Sections 3.2.3B(c) & 3.2.3B(d).
(c)
A Market Seller providing Reactive Services from either a steam-electric
generating unit or combined cycle unit operating in combined cycle mode, where such unit is
pool-scheduled (or self-scheduled, if operating according to Section 1.10.3 (c) hereof), and
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where the real time LMP at the unit’s bus is higher than the price offered by the Market Seller
for energy from the unit at the level of output requested by the Office of the Interconnection (as
indicated either by the desired MWs of output from the unit determined by PJM’s unit dispatch
system or as directed by the PJM dispatcher through a manual override) shall be compensated for
lost opportunity cost by receiving a credit in an amount equal to the product of (A) the deviation
of the generating unit’s output necessary to follow the Office of the Interconnection’s signals and
the generating unit’s expected output level if it had been dispatched in economic merit order,
times (B) the Real-time Price at the generation bus for the generating unit, minus (C) the Total
Lost Opportunity Cost Offer, provided that the resulting outcome is greater than $0.00. This
equation is represented as (A*B) - C.
(d)
A Market Seller providing Reactive Services from either a combustion turbine
unit or combined cycle unit operating in simple cycle mode that is pool scheduled (or selfscheduled, if operating according to Section 1.10.3 (c) hereof), operated as requested by the
Office of the Interconnection, shall be compensated for lost opportunity cost, limited to the lesser
of the unit’s Economic Maximum or the unit’s Generation Resource Maximum Output, if the
unit output is reduced at the direction of the Office of the Interconnection and the real time LMP
at the unit’s bus is higher than the price offered by the Market Seller for energy from the unit at
the level of output requested by the Office of the Interconnection as directed by the PJM
dispatcher, then the Market Seller shall be credited in a manner consistent with that described
above in Section 3.2.3B(c) for a steam unit or a combined cycle unit operating in combined cycle
mode.
(e)
At the end of each Operating Day, where the active energy output of a Market
Seller’s unit is increased at the request of the Office of the Interconnection for the purpose of
maintaining reactive reliability within the PJM Region and the offered price of the energy is
above the real-time LMP at the unit’s bus, the Market Seller shall be credited according to
Section 3.2.3B(f).
(f)
A Market Seller providing Reactive Services from either a steam-electric
generating unit, combined cycle unit or combustion turbine unit, where such unit is pool
scheduled (or self-scheduled, if operating according to Section 1.10.3 (c) hereof), and where the
real time LMP at the unit’s bus is lower than the price offered by the Market Seller for energy
from the unit at the level of output requested by the Office of the Interconnection (as indicated
either by the desired MWs of output from the unit determined by PJM’s unit dispatch system or
as directed by the PJM dispatcher through a manual override), shall receive a credit hourly in an
amount equal to {(AG - LMPDMW) x (UB - URTLMP)}where:
AG equals the actual output of the unit;
LMPDMW equals the level of output for the unit determined according to the
point on the scheduled offer curve on which the unit was operating corresponding
to the real time LMP at the unit’s bus and adjusted for any Regulation or Tier 2
Synchronized Reserve assignments;
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UB equals the unit offer for that unit for which output is increased, determined
according to the lesser of the Final Offer or Committed Offer;
URTLMP equals the real time LMP at the unit’s bus; and
where UB - URTLMP shall not be negative.
(g)
A Market Seller providing Reactive Services from a hydroelectric resource where
such resource is pool scheduled (or self-scheduled, if operating according to Section 1.10.3 (c)
hereof), and where the output of such resource is altered from the schedule submitted by the
Market Seller for the purpose of maintaining reactive reliability at the request of the Office of the
Interconnection, shall be compensated for lost opportunity cost in the same manner as provided
in sections 3.2.2(d) and 3.2.3A(f) and further detailed in the PJM Manuals.
(h)
If a Market Seller believes that, due to specific pre-existing binding commitments
to which it is a party, and that properly should be recognized for purposes of this section, the
above calculations do not accurately compensate the Market Seller for lost opportunity cost
associated with following the Office of the Interconnection’s dispatch instructions to reduce or
suspend a unit’s output for the purpose of maintaining reactive reliability, then the Office of the
Interconnection, the Market Monitoring Unit and the individual Market Seller will discuss a
mutually acceptable, modified amount of such alternate lost opportunity cost compensation,
taking into account the specific circumstances binding on the Market Seller. Following such
discussion, if the Office of the Interconnection accepts a modified amount of alternate lost
opportunity cost compensation, the Office of the Interconnection shall invoice the Market
Participant accordingly. If the Market Monitoring Unit disagrees with the modified amount of
alternate lost opportunity cost compensation, as accepted by the Office of the Interconnection, it
will exercise its powers to inform the Commission staff of its concerns.
(i)
The amount of Synchronized Reserve provided by generating units maintaining
reactive reliability shall be counted as Synchronized Reserve satisfying the overall PJM
Synchronized Reserve requirements. Operators of these generating units shall be notified of
such provision, and to the extent a generating unit’s operator indicates that the generating unit is
capable of providing Synchronized Reserve, shall be subject to the same requirements contained
in Section 3.2.3A regarding provision of Tier 2 Synchronized Reserve. At the end of each
Operating Day, to the extent a condenser operated to provide Reactive Services also provided
Synchronized Reserve, a Market Seller shall be credited for providing synchronous condensing
for the purpose of maintaining reactive reliability at the request of the Office of the
Interconnection, in an amount equal to the higher of (i) the Synchronized Reserve Market
Clearing Price for each Real-time Settlement Interval a generating unit provided synchronous
condensing multiplied by the amount of Synchronized reserve provided by the synchronous
condenser or (ii) the sum of (A) the generating unit’s cost to provide synchronous condensing,
calculated in accordance with the PJM Manuals, (B) the product of MW energy usage for
providing synchronous condensing multiplied by the real time LMP at the generating unit’s bus,
(C) the generating unit’s startup-cost of providing synchronous condensing, and (D) the unitspecific lost opportunity cost of the generating resource supplying the increment of Synchronized
Reserve as determined by the Office of the Interconnection in accordance with procedures
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specified in the PJM Manuals. To the extent a condenser operated to provide Reactive Services
was not also providing Synchronized Reserve, the Market Seller shall be credited only for the
generating unit’s cost to condense, as described in (ii) above. The total Synchronized Reserve
Obligations of all Load Serving Entities under section 3.2.3A(a) in the zone where these
condensers are located shall be reduced by the amount counted as satisfying the PJM
Synchronized Reserve requirements. The Synchronized Reserve Obligation of each Load
Serving Entity in the zone under section 3.2.3A(a) shall be reduced to the same extent that the
costs of such condensers counted as Synchronized Reserve are allocated to such Load Serving
Entity pursuant to subsection (l) below.
(j)
A Market Seller’s pool scheduled steam-electric generating unit or combined
cycle unit operating in combined cycle mode, that is not committed to operate in the Day-ahead
Market, but that is directed by the Office of the Interconnection to operate solely for the purpose
of maintaining reactive reliability, at the request of the Office of the Interconnection, shall be
credited in the amount of the unit’s offered price for start-up and no-load fees. The unit also
shall receive, if applicable, compensation in accordance with Sections 3.2.3B(e)-(f).
(k)
The sum of the foregoing credits as specified in Sections 3.2.3B(b)-(j) shall be the
cost of Reactive Services for the purpose of maintaining reactive reliability for the Operating
Day and shall be separately determined for each transmission zone in the PJM Region based on
whether the resource was dispatched for the purpose of maintaining reactive reliability in such
transmission zone.
(l)
The cost of Reactive Services for the purpose of maintaining reactive reliability in
a transmission zone in the PJM Region for each Operating Day shall be allocated and charged to
each Market Participant in proportion to its deliveries of energy to load (net of operating Behind
The Meter Generation) in such transmission zone, served under Network Transmission Service,
in megawatt-hours during that Operating Day, as compared to all such deliveries for all Market
Participants in such transmission zone.
(m)
Generating units receiving dispatch instructions from the Office of the
Interconnection under the expectation of increased actual or reserve reactive shall inform the
Office of the Interconnection dispatcher if the requested reactive capability is not achievable.
Should the operator of a unit receiving such instructions realize at any time during which said
instruction is effective that the unit is not, or likely would not be able to, provide the requested
amount of reactive support, the operator shall as soon as practicable inform the Office of the
Interconnection dispatcher of the unit’s inability, or expected inability, to provide the required
reactive support, so that the associated dispatch instruction may be cancelled. PJM Performance
Compliance personnel will audit operations after-the-fact to determine whether a unit that has
altered its active power output at the request of the Office of the Interconnection has provided the
actual reactive support or the reactive reserve capability requested by the Office of the
Interconnection. PJM shall utilize data including, but not limited to, historical reactive
performance and stated reactive capability curves in order to make this determination, and may
withhold such compensation as described above if reactive support as requested by the Office of
the Interconnection was not or could not have been provided.
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3.2.3C Synchronous Condensing for Post-Contingency Operation.
(a)
Under normal circumstances, PJM operates generation out of merit order to
control contingency overloads when the flow on the monitored element for loss of the contingent
element (“contingency flow”) exceeds the long-term emergency rating for that facility, typically
a 4-hour or 2-hour rating. At times however, and under certain, specific system conditions, PJM
does not operate generation out of merit order for certain contingency overloads until the
contingency flow on the monitored element exceeds the 30-minute rating for that facility (“postcontingency operation”). In conjunction with such operation, when the contingency flow on
such element exceeds the long-term emergency rating, PJM operates synchronous condensers in
the areas affected by such constraints, to the extent they are available, to provide greater
certainty that such resources will be capable of producing energy in sufficient time to reduce the
flow on the monitored element below the normal rating should such contingency occur.
(b)
The amount of Synchronized Reserve provided by synchronous condensers
associated with post-contingency operation shall be counted as Synchronized Reserve satisfying
the PJM Synchronized Reserve requirements. Operators of these generation units shall be
notified of such provision, and to the extent a generation unit’s operator indicates that the
generation unit is capable of providing Synchronized Reserve, shall be subject to the same
requirements contained in Section 3.2.3A regarding provision of Tier 2 Synchronized Reserve.
At the end of each Operating Day, to the extent a condenser operated in conjunction with postcontingency operation also provided Synchronized Reserve, a Market Seller shall be credited for
providing synchronous condensing in conjunction with post-contingency operation at the request
of the Office of the Interconnection, in an amount equal to the higher of (i) the Synchronized
Reserve Market Clearing Price for each applicable interval a generation resource provided
synchronous condensing multiplied by the amount of Synchronized Reserve provided by the
synchronous condenser or (ii) the sum of (A) the generation resource’s applicable interval cost
to provide synchronous condensing, calculated in accordance with the PJM Manuals, (B) the
applicable interval product of the megawatts of energy used to provide synchronous condensing
multiplied by the real-time LMP at the generation bus of the generation resource, (C) the
generation resource’s start-up cost of providing synchronous condensing, and (D) the unitspecific lost opportunity cost of the generation resource supplying the increment of Synchronized
Reserve as determined by the Office of the Interconnection in accordance with procedures
specified in the PJM Manuals. To the extent a condenser operated in association with postcontingency constraint control was not also providing Synchronized Reserve, the Market Seller
shall be credited only for the generation unit’s cost to condense, as described in (ii) above. The
total Synchronized Reserve Obligations of all Load Serving Entities under section 3.2.3A(a) in
the zone where these condensers are located shall be reduced by the amount counted as
satisfying the PJM Synchronized Reserve requirements. The Synchronized Reserve Obligation
of each Load Serving Entity in the zone under section 3.2.3A(a) shall be reduced to the same
extent that the costs of such condensers counted as Synchronized Reserve are allocated to such
Load Serving Entity pursuant to subsection (d) below.
(c)
The sum of the foregoing credits as specified in section 3.2.3C(b) shall be the cost
of synchronous condensers associated with post-contingency operations for the Operating Day
and shall be separately determined for each transmission zone in the PJM Region based on
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whether the resource was dispatched in association with post-contingency operation in such
transmission zone.
(d)
The cost of synchronous condensers associated with post-contingency operations
in a transmission zone in the PJM Region for each Operating Day shall be allocated and charged
to each Market Participant in proportion to its deliveries of energy to load (net of operating
Behind The Meter Generation) in such transmission zone, served under Network Transmission
Service, in megawatt-hours during that Operating Day, as compared to all such deliveries for all
Market Participants in such transmission zone.
3.2.4

Transmission Congestion Charges.

Each Market Buyer shall be assessed Transmission Congestion Charges as specified in Section 5
of this Schedule.
3.2.5

Transmission Loss Charges.

Each Market Buyer shall be assessed Transmission Loss Charges as specified in Section 5 of this
Schedule.
3.2.6

Emergency Energy.

(a)
When the Office of the Interconnection has implemented Emergency procedures,
resources offering Emergency energy are eligible to set real-time Locational Marginal Prices,
capped at the energy offer cap plus the sum of the applicable Reserve Penalty Factors for the
Synchronized Reserve Requirement and Primary Reserve Requirement, provided that the
Emergency energy is needed to meet demand in the PJM Region.
(b)
Market Participants shall be allocated a proportionate share of the net cost of Emergency
energy purchased by the Office of the Interconnection. Such allocated share during each
applicable interval of such Emergency energy purchase shall be in proportion to the amount of
each Market Participant’s real-time deviation from its net withdrawals and injections in the Dayahead Energy Market, whenever that deviation increases the Market Participant’s spot market
purchases or decreases its spot market sales. This deviation shall not include any reduction or
suspension of output of pool scheduled resources requested by PJM to manage an Emergency
within the PJM Region.
(c)
Net revenues in excess of Real-time Prices attributable to sales of energy in connection
with Emergencies to other Control Areas shall be credited to Market Participants during each
applicable interval of such Emergency energy sale in proportion to the sum of (i) each Market
Participant’s real-time deviation from its net withdrawals and injections in the Day-ahead
Energy Market, whenever that deviation increases the Market Participant’s spot market
purchases or decreases its spot market sales, and (ii) each Market Participant’s energy sales from
within the PJM Region to entities outside the PJM Region that have been curtailed by PJM.
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(d)
The net costs or net revenues associated with sales or purchases of energy in connection
with a Minimum Generation Emergency in the PJM Region, or in another Control Area, shall be
allocated during each applicable interval of such Emergency sale or purchase to each Market
Participant in proportion to the amount of each Market Participant’s real-time deviation from its
net withdrawals and injections in the Day-ahead Market, whenever that deviation increases the
Market Participant’s spot market sales or decreases its spot market purchases.
3.2.7

Billing.

(a)
PJMSettlement shall prepare a billing statement each billing cycle for each
Market Participant in accordance with the charges and credits specified in Sections 3.2.1
through 3.2.6 of this Schedule, and showing the net amount to be paid or received by the Market
Participant. Billing statements shall provide sufficient detail, as specified in the PJM Manuals,
to allow verification of the billing amounts and completion of the Market Participant’s internal
accounting.
(b)
If deliveries to a Market Participant that has PJM Interchange meters in
accordance with Section 14 of the Operating Agreement include amounts delivered for a Market
Participant that does not have PJM Interchange meters separate from those of the metered
Market Participant, PJMSettlement shall prepare a separate billing statement for the unmetered
Market Participant based on the allocation of deliveries agreed upon between the Market
Participant and the unmetered Market Participant specified by them to the Office of the
Interconnection.
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