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888 First Street, N.E., Room 1A
Washington, D.C. 20426

Re: Enhanced Price Formation in Reserve Markets of PJM Interconnection, L.L.C.
Docket No. ER19- -000

Dear Secretary Bose,

Pursuant to section 205 of the Federal Power Act (“FPA”),! PJM Interconnection, L.L.C.
(“PJM”) hereby submits proposed revisions to the PJM Open Access Transmission Tariff
(“Tariff”),” to effectuate enhanced price formation in PJM’s reserve markets.

PJM requests an effective date of June 1, 2020, for the revisions contained herein. In
light of the fact that the requested effective date is more than 120 days after the date of filing,
PJM respectfully requests waiver of section 35.3(a)(1) of the Federal Energy Regulatory
Commission’s (“Commission” or “FERC”) regulations.> Good cause exists to grant such waiver,
as the scale of the proposed revisions will, if accepted, require PJM to implement significant

changes to certain software and internal processes well in advance of the requested effective

116 U.S.C. § 824d (2017). The proposed revisions to the Tariff are submitted pursuant to FPA section 205, while
PJM is separately submitting the proposed revisions to the Amended and Restated Operating Agreement of PJIM
Interconnection, L.L.C. (“Operating Agreement”) pursuant to FPA section 206. Since the proposed substantive
revisions to the Tariff are identical to the proposed substantive revisions to the Operating Agreement, PJM
recognizes that the Commission has found that it is not held to the 60-day notice period in section 205 in cases when
the proposed revisions are identical and in both PJM’s Operating Agreement and Tariff. See, e.g.,, PIM
Interconnection, L.L.C., 149 FERC { 61,091 at n.4 (2014). PJM is filing this package separately under sections 205
and 206 consistent with the Commission’s eTariff filing rules. Id.

2 The Tariff and Operating Agreement are currently located under PJM’s “Intra-PJM Tariffs” eTariff title, available
here: https://etariff.ferc.gov/TariffBrowser.aspx?tid=1731. Terms not otherwise defined herein shall have the same
meaning as set forth in the Tariff, Operating Agreement, and the Reliability Assurance Agreement Among Load-
Serving Entities in the PJM Region (“RAA”). All references to the Operating Agreement, Schedule 1 herein shall
also be meant to reference the identical provisions in Tariff, Attachment K-Appendix.

318 C.F.R. § 35.3(a)(1) (2019).



date. In order to afford PJM sufficient time to implement the proposed revisions, including the
necessary software changes, PJM respectfully requests an order from the Commission by no later
than December 15, 2019.

PJM also respectfully requests that the Commission establish an extended comment date
of May 15, 2019, which is 47 days from the date of filing, to afford participants sufficient time to
review and comment on the proposed changes to PJM’s reserve markets.

l. EXECUTIVE SUMMARY

Reserves play an essential role in maintaining reliability. Load and generation must be
kept in fairly tight balance at all times, yet advance forecasts of expected load and generation
routinely err—in either direction—and system operators must live with the ever-present risk that
one or more elements of the bulk power system could trip offline unexpectedly. The obvious,
and necessary, solution to managing these uncertainties is to line up resources that are not
scheduled to serve load during the target period, but that are capable of providing energy on
fairly short notice if needed (i.e., reserves). The Commission recognized as much early in the
open access transmission era, when it established spinning reserve service and supplemental
reserve service as two of the essential ancillary services that customers must provide or
purchase.*

For its part, PJIM has long had extensive Tariff rules designed to ensure that necessary
reserves are obtained, and the parties that supply those reserves are fairly compensated. Reserve

requirements, procedures to meet those requirements, and reserve products to fill those needs,

4 Promoting Wholesale Competition Through Open Access Non-Discriminatory Transmission Services by Public
Utilities; Recovery of Stranded Costs by Public Utilities and Transmitting Utilities, Order No. 888, 75 FERC
161,080, FERC Stats. & Regs. 431,036 at 31,708 (1996) (“Spinning reserve is provided by generating units that are
on-line and loaded at less than maximum output. They are available to serve load immediately in an unexpected
contingency, such as an unplanned outage of a generating unit. Supplemental reserve is also generating capacity
that can be used to respond to contingency situations. Supplemental reserve, however, is not available
instantaneously, but rather within a short period (usually ten minutes).”).



have grown and evolved in the PJM Region in the last twenty-plus years—sometimes in complex
ways. A common theme in that evolution for the PJM Region has been extensive reliance on
competitive markets with transparent clearing prices intended to reflect the value of these
reliability services, open to sellers of resources that meet Tariff-defined criteria for reserve
products needed for PIM to meet its reliability responsibilities.

But as with any evolution of complex systems, flaws can develop and become more
apparent, and more consequential, the longer they are left unaddressed.> Several such flaws,
potentially quite consequential as PJM’s resource mix changes, have developed within the PJIM
system of reserve requirements, products, and markets, prompting this filing seeking necessary
corrective action. For the reasons described at length in this filing, these flaws are unique to
PJM, and the proposed necessary changes described in this filing should not imply that the
reserve products and methods of other Regional Transmission Organizations (“RTOs”) are
unjust and unreasonable.

In particular, this filing focuses on three significant areas of PJM’s reserve market design
that no longer support efficient market outcomes nor provide the support for reliable operations.
Left unaddressed, PJM’s reserve markets lead to unjust and unreasonable rates that are unduly
discriminatory and preferential. The market enhancements proposed in this filing address the
following flaws:

e A Synchronized Reserve product that is separated in to two products — Tier 1 and

Tier 2 — with disparate rules around commitment, compensation, and performance
penalties;

5 As discussed later, Commission staff has recognized these flaws itself, and the need for potential reform, in a series
of papers developed in 2014 and 2015 in Docket No. AD14-14-000, Price Formation in Energy and Ancillary
Services Markets Operated by Regional Transmission Organizations and Independent System Operators.



e An Operating Reserve Demand Curve (“ORDC”) which fails to incentivize
reserve performance due to the inadequate level of the penalty factor and the
shape of the curve; and

e The misalignment of reserve products between the day-ahead and real-time
markets which does not adequately procure forward reserves and leads to
inefficient commitment and pricing outcomes.

As summarized below and as PJM demonstrates herein through affidavits and data submittals,
the flaws in this market design warrant prompt and meaningful attention.

A. The Current Reserve Market Design Is No Longer Just and Reasonable.

As currently structured, PJM’s reserve markets are not delivering the benefits the
Commission has identified from “better formed prices [that] help ensure just and reasonable

rates,” which include:

e “providing appropriate incentives for market participants to follow commitment
and dispatch instructions[;]”

e “maintain[ing] reliability[;]”

e “provid[ing] transparency of the underlying value of the service so that
operational and investment decisions are based on prices that reflect the actual
marginal cost of serving load and the operational constraints of reliable system
operation[;]” and

e “encourage[ing] efficient investments in facilities and equipment.”®

More specifically, as the Commission’s advisory staff explained in its 2014 report on shortage
pricing, “[a] failure to properly reflect in market prices [(i)] the value of reliability to consumers
and [(ii)] operator actions taken to ensure reliability can lead to inefficient prices in the energy
and ancillary services markets leading to inefficient system utilization, and muted investment

997

signals.”” “Ideally,” the 2014 Commission Staff Shortage Pricing Report explained, market

6 Settlement Intervals and Shortage Pricing in Markets Operated by Regional Transmission Organizations and
Independent System Operators, Order No. 825, 155 FERC 1 61,276, at P 163 (2016) (“Order No. 825”).

" FERC Staff, Staff Analysis of Shortage Pricing in RTO and ISO Markets, Docket No. AD14-14-000 (Oct. 21,
2014), at 1, https://www.ferc.gov/legal/staff-reports/2014/AD14-14-pricing-rto-iso-markets.pdf (“2014 FERC Staff
Shortage Pricing Report”).



prices when the system fails to meet minimum operating reserve requirements, “would reflect the
valuation consumers place on avoiding an involuntary load curtailment,” such that “prices should
rise, inducing performance of existing supply resources and encouraging load to reduce
consumption.”® Absent that ideal of direct end-user valuation of avoiding curtailment, system
operators like PJM “appl[y] administrative pricing rules to ensure that costs, including the costs
associated with the failure to meet minimum operating reserve requirements, are reflected in
market prices.”® But when the RTO’s “administrative pricing rules” fail to reflect either or both

of “the value of reliability to consumers” and the “operator actions taken to ensure reliability,”

910

99, 6

leading to “inefficient prices”; “inefficient system utilization”; and “muted investment signals,
then the circumstances require, as Order No. 825 instructed, “better formed prices [to] help
ensure just and reasonable rates.”*!

Such circumstances are plainly evident in PJM’s current reserve markets, based on facts
specific to the PJIM Region and design flaws specific to the PJIM reserve market rules, as

summarized here and detailed in Section 11, below.

1. Most resources providing Synchronized Reserve are undercompensated in
an unduly discriminatory manner.

Under PJM’s current rules, a substantial share of the Synchronized Reserves (i.e., “Tier
1” Synch Reserves) needed to meet minimum requirements are expected to be provided

essentially at no charge, and with no consequences for a failure to respond. This flaw, unique to

81d. See also Affidavit of Drs. William W. Hogan and Susan L. Pope on Behalf of PJM Interconnection, L.L.C.
(“Hogan & Pope Aff.”), Attachment C herein, which adopts the analysis and all findings and conclusions contained
in the report included as Exhibit 1 to the affidavit entitled “PJM Reserve Markets: Operating Reserve Demand
Curve Enhancements” (Mar. 22, 2019), including the Appendix thereto, to provide support for PJM’s proposal to
reform its ORDC (“PJM ORDC Report” which is referred to herein as the Hogan & Pope PJM ORDC Report).

°1d.
104d.
11 Order No. 825, 155 FERC 1 61,276 at P 163.



the PJM Region, directly suppresses the price of needed reserves (by deeming much of the
needed minimum quantity to be met at zero cost). Price suppression was plainly evident in very
low reserve market clearing prices during notable high load conditions earlier this year. The
reserve product was not oversupplied; rather, it was being supplied in large part by sellers with
no obligation to perform. The current Tier 1 rules also inject unpredictability, into the expected
response from a substantial share of the reserves that are nominally devoted to helping meet the
minimum requirement. PJM’s inability to know accurately at any given time the amount of
reserves expected to respond will continue to challenge PJM as the system operator and only
grow as a problem as the system incorporates increasing levels of variable resources. While
energy output can be easily measured, reserve capability cannot, especially when response is
voluntary. This inaccuracy negatively impacts markets as well, because energy and reserve
prices are dependent on accurate knowledge of system conditions.

2. Operator actions needed to manage uncertainty in support of reliability
result in muted energy and reserve market price signals.

PJM dispatchers regularly bias (i.e., effectively adding (or reducing) demand that must be
balanced with additional (or less) supply) their scheduling of supply resources in an attempt to
manage the uncertainty inherent in near-term forecasts of load, wind generation, and solar
generation (or for unexpected plant outages), and taking other out-of-market actions to preserve
reliability. These operator actions relate directly to the possibility that the PJIM system could fall
short of minimum reserve requirements (“MRRs”), but the need that motivates the bias is not
accounted for in reserve or energy market clearing prices. Given that such operator bias and
resource-specific dispatch directives are motivated by reliability concerns, it is always a concern

that they are not reflected in market prices. But it is especially a concern when such actions



prevent the market from seeing what would otherwise be reserve shortages—which has
happened on the PJM system, as shown below.
3. PJM’s current ORDC does not address the uncertainties around load,

wind and solar forecasts or unanticipated plant outages, thus driving the
need for the operator actions.

As a corollary to the second point, PIM’s administrative pricing rule intended to address
the failure to meet MRRs, i.e., PJIM’s current ORDC, largely does not address the uncertainties
around load, wind and solar forecasts, and unanticipated plant outages'? that PJIM dispatchers
currently attempt to address through scheduling bias or other out-of-market actions. That
omission is material because, in the PJM Region, dispatchers are taking those actions to manage
the possibility that real-time conditions departing from those forecasts could harm PJM’s ability
to meet MRRs. These operator actions should be reflected in clearing prices, consistent with the
Commission’s policies on appropriate price formation. Reflecting in the ORDC the uncertainties
now addressed through operator actions results in a curve that slopes downward and to the right,
as discussed in detail below.

4. Reserve market clearing prices do not reflect the operational value of
flexibility.

Current reserve market clearing prices—zero in about 60 percent of all hours for
Synchronized Reserve and in about 98 percent of all hours for Non-Synchronized Reserve—do
not reflect the operational value of resource flexibility. That flexibility is today procured through
operator actions but is more appropriately reflected in prices. Proper price formation in this area
is important today and will become even more important with the expected growth of wind and

solar resources. As shown below, even conservative estimates based mostly on currently enacted

12 PJM’s current ORDC does include a 190 megawatt (“MW”) second step (at a price of $300/megawatt hour
(“MWh”)), as a buffer against large dispatch/price excursions. This step does not attempt, however, to value
reserves with respect to their benefit to system reliability or to overtly track the relevant operator actions.



mandatory Renewable Portfolio Standards (including minimum solar carve-outs) indicate the
PJM Region will see an additional 25,000 MWs of wind and an additional 12,000 MWs of solar
resources (with approximately 8,000 MWs of that total behind-the-meter) by 2034. These high
absolute MW levels of added intermittent resources indicate a need for a much greater level of
flexible resources to help manage the variable output of intermittent resources. While PJM is not
unique in the penetration levels of such resources, other regions with high renewable penetration
like the MidContinent Independent System Operator, Inc. (“MISO”) and Southwest Power Pool,
Inc. (“SPP”) comprise (to a much greater degree than in the PJM Region) vertically integrated
utilities with rate-regulated generation assets that are backed up with traditional regulation as a
means to assure revenue recovery. PJM is reliant on accurate and effective price signals to
incentivize penetration and competition of all resources to provide flexibility. The suppressed
signals in the PJM reserve markets today will not accomplish that.
5. The current $850/MWh Reserve Penalty Factor is inadequate.

The ORDC’s current $850/MWh price ceiling is below the legitimate opportunity cost
some PJM Region supply and demand resources could face in shortage or near-shortage
conditions, given price levels allowed in the PJM energy market for such resources. The current
ORDC therefore prevents the market from clearing at levels that reflect the incremental costs of
resources the system needs to maintain MRRs. The possibility that paying all cleared resources
the marginal cost of the last resource needed to meet the reserve requirement does not render
unreasonable a change from the current “pay as bid” rule for resources costing over $850/MWh,
as explained further below. The Commission’s long-standing policy favoring single-clearing
price markets is supported by experience in the PJM Region and elsewhere that such markets do

promote market efficiency and competition among marginal-cost sellers.



6. Misalignment in the day-ahead and real-time reserve markets results in
inadequate forward procurement and related market inefficiencies.

PJM currently has no reserve market valuing 30-minute flexibility in real-time, even
though PJM maintains a calculation that estimates real-time 30-minute reserves, for situational
awareness purposes. Nor does PJM have a reserve market that procures on a forward basis the
10-minute reserves the system currently relies on in real-time. As explained below, this lack of
forward procurement and reserve market alignment is inadequate, creates modeling
discrepancies, and inefficient price and resource commitment outcomes.

B. PJM’s Proposed Reserve Market Modifications Are Just and Reasonable.

To address and resolve the aspects of the current reserve market rules that are unjust and
unreasonable, PJM proposes to:

e consolidate the Tier 1 and Tier 2 products into one product, called “Synchronized
Reserve,” with uniform commitment, compensation, and performance obligations
to meet all Synchronized Reserve needs;

e revise the current ORDC by:

o raising the Reserve Penalty Factor to $ 2,000/MWh, to recognize that
sellers could have legitimate opportunity costs up to that level during
shortage conditions from foregoing energy market sales (or load
reductions) in order to commit as reserves;

o changing the ORDC curve shape based on a systematic, probabilistic
quantification of the same categories of load and supply uncertainties that
PJM operators are currently trying to address when they bias dispatch
schedules or take other out-of-market actions to guard against PJM falling
short of its MRRs; and

e align the day-ahead and real-time reserve markets to ensure that the reserves

needed for real-time operation are recognized on a forward basis during the
scheduling processes for the next operating day.

PJM explains and justifies each of these proposed changes in detail in Section Ill, herein, but
provides this overview to elaborate on several important aspects of these changes, and their

benefits.



1. Exclusive reliance on a unified and consolidated product for Synchronized
Reserve

The consolidation of the Tier 1 and Tier 2 products simply means that PJM will conform
Synchronized Reserves to PJM’s treatment of all other products that are obtained to meet
reliability needs, i.e., explicit commitments of reserve MWSs by sellers; clearing prices and
compensation determined on a market basis that maximizes social welfare; and economic
consequences for failure to perform. The consolidated product will extend these attributes to all
Synchronized Reserves PJM needs to meet its Synchronized Reserve Requirement.

Consolidation of Tier 1 and Tier 2 will also eliminate the operational uncertainty inherent
in the current reliance on a product that has no explicit obligation to perform—Tier 1. As shown
in Section II.A, below, piecemeal changes aimed at better guessing whether a product that does
not need to respond will in fact respond have been ineffective. The obvious solution is to require
performance through clear MW commitments, market compensation, and penalties for failure to
perform. This solution will also eliminate the price suppression inherent in the current practice
of deeming much of the reserve requirement to be met by resources that are not paid for reserves
and need not perform when called.

2. Increasing the Reserve Penalty Factor to $2,000/MWh

The current $850/MWh Reserve Penalty Factor, as shown in Section I1.B, prevents the
reserve market clearing price from reflecting the incremental costs of resources needed to meet
reserve requirements in shortage or near-shortage conditions. Given that the Reserve Penalty
Factor is intended to be the key mechanism for setting and signaling shortage pricing in the PJIM
Region, this is a fundamental flaw. The $850/MWh therefore is unjust and unreasonable and
should be increased. PJM acknowledges that there is no single right answer to the level of that

increase; and that a reasonable level for the PJIM Region may (and almost certainly will) differ

10



from a reasonable level for other market areas. For the PJM Region, a reasonable level would
take account of the revenues a seller foregoes by committing to provide reserves, rather than sell
energy, during shortage or near-shortage conditions. Currently, generation resources can submit
verified cost-based incremental energy offers that set clearing prices at levels of up to
$2,000/MWh; emergency energy purchases from neighboring regions likewise can offer above
the $2,000/MWh level, but PJM proposes to cap the ability of such resources to set price at the
$2,000/MWh level under the proposed market rules. Similarly, emergency and pre-emergency
demand response can submit offers (and set clearing prices) up to $1,849/MWh to reduce
demand with 30-minutes lead time. A Reserve Penalty Factor of $2,000/MWh therefore is
reasonably viewed—for the PJM Region—as the lowest level that is consistent with the actions
that system operators will take to maintain reserves and allow those actions to be reflected in
market clearing prices. This change, along with the change to the ORDC shape discussed below,
will also allow the PJM Region to ensure that the value of resource flexibility is better reflected
in clearing prices. More accurate signaling of when and where that flexibility is needed will
incent greater development and provision of more flexible resources—allowing the PJIM Region
to take maximum advantage of a changing resource portfolio mix.

Under the current rules, Reserve Penalty Factors apply separately to satisfaction of each
MRR, and recognize zonal reserve shortages that arise from constraints on relying on reserves in
one part of the system to meet reserve shortages in other parts of the system. Moreover, because
(to satisfy reliability standards) reserves must be maintained for each minimum requirement and
for each constrained location, under the current rules Reserve Penalty Factors triggered by each
requirement and locational shortage are additive, albeit capped. PJM’s proposal retains the

additivity approach, and conforms it to reflect the reserve products proposed in this filing.
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However, PJM proposes to remove the cap as it arbitrarily suppresses the price for reserves when
the cascading of shortages on the system indicate such reserves are most needed. While this
implies that prices could rise as high as $12,000/MWh,*3 that maximal pricing result: (i) can
occur only from the simultaneous occurrence and confluence of multiple product and locational
shortages; (i) is necessary to recognize the independent value of avoiding each such shortage;
(iii) implies very extreme conditions that demand immediate supplier response; (iv) likely
approximates consensus estimates of the value to load of avoiding curtailment; and (v) logically
applies the current approved approach to the reserve products and Reserve Penalty Factors
proposed in this filing.

3. Modifying the ORDC to reflect systematically the varying risks of falling
below the MRRs

The Commission has already recognized, by approving PJM’s current ORDC, that there
IS positive value to committing reserves in excess of the MRR. However, as shown in Section
I1.B, the current curve does not systematically quantify or recognize that value. Stated
succinctly, the value of reserves above the minimum requirement is based on the likelihood that
real-time conditions will depart from those expected shortly (e.g., 30 minutes to one hour)
before, in a way that results in PJIM falling short of the minimum requirement in real-time.
Generally speaking, that likelihood is greatest when only, for example, a single MW is
committed above the minimum requirement, and the likelihood of falling short is reduced as
more reserves are committed. As PJM shows through the Affidavit of Mr. Christopher Pilong,

Director, Dispatch,'* the onus of recognizing and managing this uncertainty today falls largely

13 PJM notes this could rise to $14,000/MWh if PJIM models a sub-zone for the 30-minute requirement, but as a
default PJM intends to only model the 30-minute reserve requirement for the RTO-wide Reserve Zone.

14 Affidavit of Christopher Pilong on Behalf of PJM Interconnection, L.L.C. (“Pilong Aff.”). The Pilong Aff. is
included as Attachment E herein.
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on PJM dispatchers, who bias their schedules, or take other out-of-market actions, to help ensure
(among other reliability objectives) that the PJIM Region will not fall short of MRRs. Those out-
of-market actions suppress clearing prices, fail to correctly recognize the essential value of
reserves in managing uncertainty, and increase out-of-market uplift.

To replace the current unjust and unreasonable ORDC, PJM proposes revised curves that
are defined directly by the very same supply and demand uncertainties that PJIM system
operators are attempting to address, i.e., errors in forecasts of load, interchange, thermal plant
outages, and wind and solar output. As detailed in the Affidavit of Dr. Patricio Rocha Garrido,
Senior Engineer, Resource Adequacy Planning,*® PIJM has calculated these forward uncertainties
(30-minute look-ahead for every five minutes, 60 minute look ahead every 15 minutes) for three
calendar years of actual PJM Region data. The observed historical combined net error for these
specific (and most impactful) operational uncertainties directly define the shape and slope of the
ORDCs PJM proposes here. To even more closely reflect the value of this uncertainty, PJIM
proposes different curves for six different time-blocks in each season, based on the observed
three-year historic net error for each of those time blocks. Importantly, PJM also includes the
observed impact of regulation service, which directly reduces the likelihood of falling short of
reserves.

Systematically defining and valuing reserve uncertainty as proposed here will reduce the
need for the current operator actions that attempt to address these uncertainties out of the market.
As PJM shows through the Affidavit of Mr. Adam Keech, Executive Director, Market

Operations,® reducing the need for such operator actions also will directly reduce the out-of-

15 Affidavit of Dr. Patricio Rocha Garrido on behalf of PJM Interconnection, L.L.C. (“Rocha Garrido Aff.”). The
Rocha Garrido Aff. is included as Attachment F herein.

16 Affidavit of Adam Keech on Behalf of PJM Interconnection, L.L.C. (“Keech Aff.”). The Keech Aff. is included
as Attachment D herein.
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market uplift cost of managing around that uncertainty.’” As detailed below, pricing this
uncertainty also will provide a powerful incentive to resources, particularly flexible resources, to
meet this market-defined reliability need at the most efficient cost.

4. Alignment of day-ahead and real-time reserve markets

As explained in Section II.C, PJM’s day-ahead and real-time markets for reserves
currently are out of alignment. The resulting modeling discrepancies create inefficiencies in
operations and market outcomes, including prices and congestion, as well as opportunities for
gaming-type behavior. To address these concerns, and to better support the other necessary
elements of this filing that will result in procurement of more reserves, PJM proposes to amend
its market rules to procure, in both the day-ahead and real-time markets, one 30-minute reserve
product (“Secondary Reserve”) and two 10-minute reserve products (Synchronized and Non-
Synchronized Reserve). Specifically, PJIM proposes to add the 10-minute reserve requirements
to the day-ahead market, and the 30-minute reserve requirement to the real-time market.

All reserve products will be procured using ORDCs based on the principles discussed
above and using PJM’s joint co-optimization algorithm?8 to achieve the least-cost solution. To
minimize modeling differences between the day-ahead and real-time markets, for each reserve

product, PJIM will use the same ORDCs in both markets.

17 See, e.g., Keech Aff. {1 38-45, Tables 3 & 4 (showing reduction in uplift under PJM’s proposal).

18 Co-optimization of energy, synchronized reserves and non-synchronized reserves along with ORDCs have been in
place in PJM since the implementation of shortage pricing pursuant to Order No. 719 in 2012.
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1. PIM’S CURRENT RESERVE MARKET CONSTRUCT IS UNJUST AND
UNREASONABLE.

A. PJM’s Two-Tier Synchronized Reserve Construct Is Unjust and Unreasonable.
1. Overview of the current Tier 1/Tier 2 structure

Under PJM’s current market rules, there are two types of Synchronized Reserve products,
Tier 1 and Tier 2. The combination of the Tier 1 and Tier 2 products is used to meet the
Synchronized Reserve Requirement.

Tier 1 is provided from non-emergency resources that are on-line and generating, but not
fully loaded, and that can provide additional energy within 10 minutes with no departure from
their energy profit maximizing economic dispatch point.*® A simple example of a Tier 1
resource would be a partially loaded generator that has remaining capability to increase its output
in response to PJM’s request to deploy reserves. Pursuant to the Operating Agreement, all
resources meeting the definition of Tier 1 are “deemed to be available” to provide Tier 1.2
Generation owners do not need to submit sell offers for their resources to be selected to provide
Tier 1. Importantly, there is no penalty assessed if a Tier 1 resource is selected as one of the
resources used to satisfy the reserve requirement, but the resource then fails to respond if actually
called upon during a reserve event to increase output or reduce load. This lack of penalty
exposure is an important distinction between Tier 1 and Tier 2.

Tier 2 resources are those resources that must be dispatched away from their energy
profit maximizing dispatch point in order to maintain their reserve capability. Tier 2 resources

include generators that would have been producing at their maximum output to maximize their

19 Note that the term “energy profit maximizing economic dispatch point” is the dispatch point calculated when
optimizing for energy only (as opposed to energy and reserves).

20 Operating Agreement, Schedule 1 section 1.7.19A(a) (“All on-line nonemergency generation resources providing
energy are deemed to be available to provide Tier 1 Synchronized Reserve and Tier 2 Synchronized Reserve to the
Office of the Interconnection, as applicable to the capacity resource’s capability to provide these services.”).
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energy profits, but have been requested by PJM to reduce their output to create reserve
capability. Tier 2 also includes synchronous condensing resources that incur costs to start from
an offline state to synchronize to the grid in order to be prepared to deploy their reserves at
PJM’s request. Tier 2 resources must submit sell offers to be considered eligible to satisfy the
reserve requirements, and if a Tier 2 resource clears but then fails to perform during a reserve
event, it is subject to a penalty of a loss of revenue.

The market clearing process assumes that all available Tier 1 reserve capability is free.
This reserve capability is counted toward the Synchronized Reserve Requirement first. If the
requirement cannot be met solely by Tier 1, Tier 2 resources are cleared to meet the remainder of
the requirement. If Tier 2 resources are assigned and there is a non-zero clearing price, only Tier
2 resources are paid the clearing price, as they are the only resources that have an obligation to
respond, even though Tier 1 resources are providing the exact same product and are relied upon
to respond by the system operator.

The following diagram summarizes the distinction between Tier 1 and Tier 2 resources.

Figure 1. Synchronized Reserve Market Product Descriptions

Tier 1 Market Product Tier 2 Market Product
Remaining ramping capability on flexible = Generation resources dispatched away
dispatchable generation resources after from their energy profit maximizing
economic dispatch dispatch point

= Synchronous condensing resources and DR

u X X ";" - o

10-minute Obligation Non- Paid 10-minute
response time to respond compliance for response response time
penalty to an event
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The Tier 1/Tier 2 construct was a component of PJM’s August 29, 2002 proposal to
implement a “spinning” reserve market (now referred to as Synchronized Reserve).?! The
Commission accepted PJM’s proposal (inclusive of the bifurcation of Synchronized Reserve into
Tier 1 and Tier 2) on the basis that it “will allow companies to self-provide spinning reserves,
provide more transparent prices, and provide greater incentive for companies to supply spinning
reserve.”?? For the reasons described below, the Tier 1/Tier 2 construct for Synchronized
Reserve no longer serves the supply incentive or price transparency objectives that the
Commission identified in 2002, and is no longer just and reasonable. PJM notes that its
Tier 1/Tier 2 construct is unique among RTOs/Independent System Operators (“ISOs”), and
accordingly the Commission would not be required to impose any findings regarding the unjust
and unreasonable nature of this PJIM-specific structure onto the unique reserve market constructs
of other RTOs/ISOs.

2. PJM’s Tier 1/Tier 2 construct is unjust and unreasonable because it does
not properly incentivize supply and response of synchronized reserves.

The Tier 1/Tier 2 construct does not properly incentivize the supply and response of
Synchronized Reserves in PJM. Tier 1 resources currently play an outsized role in meeting
PJM’s Synchronized Reserve Requirement. For instance, in 2017, on average, over 1,100 MW
of the approximately 1,500 MW Synchronized Reserve Requirement was assigned to Tier 1

resources.? In addition, for approximately one-third of the hours of 2017, PIM’s entire

2L PJM Interconnection, L.L.C., Tariff Filing, Docket No. ER02-2519-000 (Aug. 29, 2002) (“PJM ER02-2519
Filing”).
22 PJM Interconnection, L.L.C., 101 FERC { 61,115, at P 13 (2002).

23 See Monitoring Analytics, LLC, State of the Market Report for PJM, at 444 (Table 10-6) (Mar. 8, 2018),
https://www.monitoringanalytics.com/reports/PJM_State_of the Market/2017/2017-som-pjm-volume2.pdf (“2017
State of the Market Report™). This outsized role of Tier 1 increased in 2018, where on average, 1,728.7 MW of Tier
1 was available fully satisfying the synchronized reserve requirement in 50.3 percent of intervals. See Monitoring
Analytics, LLC, State of the Market Report for PJM, at 455-56 (Mar. 14, 2019),
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Synchronized Reserve Requirement was assigned solely by Tier 1 reserves. However, as
referenced above, Tier 1 resources have no obligation to respond to a Synchronized Reserve
event, and face no penalties if they fail to respond. As a result, the response rate of Tier 1
resources is unacceptably low.

To illustrate this point, in its 2016 State of the Market Report,?* the Independent Market
Monitor for PJM (“IMM?”) presented data showing that Tier 1 resources had an average response
rate of 75.1 percent for the year’s total Synchronized Reserve events that were ten minutes or
longer. Included in this average were two events where the response rates for Tier 1 resources
were 66.8 percent and 60.2 percent.?> By contrast, Tier 2 resources which, as referenced above,
are obligated to respond to a Synchronized Reserve event, are always paid for their cleared MWs
when there is a non-zero reserve clearing price, and face a penalty if they fail to respond, had an
average response rate of 85.5 percent.

Figure 2. 2016 Response Rates for Tier 1/Tier 2 Resources.

Tier 1 Estimate Tier 1 Tier 2 Tier 2 Tier 2 Tier 1 Tier 2
Spin Event Duration (MW Adj by Response Scheduled Response Penalty Response Response
(Day, Time) (Minutes) DGP) (MW) (MW) (MW) (MW) Percent Percent
Jan 18,2016 17:58 12 861.0 7335 616.7 508.8 107.9 85.2% 82.50
Feb 8, 2016 15:05 10 1,750.2 1,338.2 228.4 200.1 28.3 76.50% 87.6%
Apr 14, 2016 20:09 10 1,182.8 1,000.6 3463 304.8 41.5 84.6% 88.0%
Jul 28, 2016 13:28 15 649.4 500.4 82289 655.8 167.1 77.1% 79.7%
Nov 4,2016 17:13 1 744.5 497.1 758.0 709.2 48.8 66.8% 93.6%
Dec 31, 2016 05:10 12 971.2 585.0 5944 485.7 108.7 60.2% 81.7%
2016 Average 11.7 1,026.5 775.8 561.1 477.4 83.7 75.1% 85.50%

https://www.monitoringanalytics.com/reports/PJM_State_of the Market/2018/2018-som-pjm-volume2.pdf (“2018
State of the Market Report”™).

24 See Monitoring Analytics, LLC, State of the Market Report for PIM, at 416 (Table 10-20) (Mar. 9, 2017),
https://www.monitoringanalytics.com/reports/PJM_State_of the Market/2016/2016-som-pjm-volume2.pdf.

% Note that Tier 1 resources that fail to respond are not required to articulate to PJM any specific reason as to why
they failed to respond.
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In its 2017 State of the Market Report,?® the IMM found that the average response rate of
Tier 1 resources across all of the year’s Synchronized Reserve events that were 10 minutes or
longer had decreased to 60.1 percent. In that year, the IMM recorded Tier 1 response rates for
three individual events at 67.7 percent, 59.3 percent, and a disturbing 14.3 percent. By contrast,
Tier 2 had an average response rate of 87.6 percent, including three individual events where Tier
2 response was over 90 percent.

Figure 3. 2017 Response Rates for Tier 1/Tier 2 Resources.

Tier 1 Estimate Tier 1 Tier 2 Tier 2 Tier 2 Tier 1 Tier 2
Spin Event Duration (MW Adj by Response Scheduled Response Penalty Response  Response
(Day, Time) (Minutes) DGP) (MW) (MW) (MW) (MW) Percent Percent
Mar 23, 2017 06:48 24 826.8 548.6 71428 568.1 183.7 59.300 75.3%
Apr 8, 2017 11:53 10 1,222.6 827.2 879.3 828.7 50.6 67.7% 94.200
May 8, 2017 04:18 10 1,325.6 976.3 335.1 298.5 36.6 73.600 89.1%%
Jun 8, 2017 03:39 10 974.4 126.7 575.7 522.4 53.3 74.6%0 90.7%
Sep 4, 2017 20:03 15 476.3 68.1 601.0 563.8 37.2 14.3% 93.800
Sep 21, 2017 14:15 16 305.8 217 .4 1,253.9 1,037.3 216.6 71.1% 82.7%
2017 Average 14.2 871.9 560.9 731.3 635.0 96.3 60.1% 87.600

In its 2018 State of the Market Report,?” the IMM recorded yet another year of poor performance
for Tier 1 resources, finding the Tier 1 response rate in 2018 to be 63.3 percent, including four
individual events where the Tier 1 response rates were 68.2 percent, 66.9 percent, 55.6 percent,

and 26.9 percent.

Figure 4. 2018 Response Rates for Tier 1/Tier 2 Resources

Tier 1 Estimate Tier 1 Tier 2 Tier 2 Tier 2 Tier 1 Tier 2
Spin Event (Day, Duration (MW Adj by Response Scheduled Response Penalty Response Response
EPT Time) (Minutes) DGP) (MW) (MW) (MW) (MW) Percent Percent

26 See 2017 State of the Market Report at 460.
27 See 2018 State of the Market Report at 473.
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Jan 3, 2018 03:00 13 1,896.7 509.9 126 57.6 55.0 26.9% 51.2%

Apr 12,2018 17:28 10 1,063.3 591.2 464.6 372.5 92.1 55.6% 80.2%
Jun 30,2018 09:46 1 2,710.1 2,086.2 716 56.8 14.8 77.0% 79.3%
Jul 10,2018 15:45 12 784.3 524.9 494.6 308.8 185.8 66.9% 62.4%
Aug 12,2018 11:06 1 1,824.5 1,390.4 2745 229.8 44.7 76.2% 83.7%
Sep 30, 2018 11:29 1 1,430.9 976.4 231.2 216.9 14.3 68.2% 93.8%
Oct 30, 2018 06:40 1 239.7 215.9 607.7 431.5 176.2 90.1% 71.0%
2018 Average 11 1,421.4 899.3 322.4 239.1 83.3 63.3% 74.2%

This unacceptably low response rate for Tier 1 resources, as compared with the response rate for
Tier 2, is strong evidence of an incentive problem in the PJIM market, and unnecessarily
increases risk to reliability during a Synchronized Reserve event, given the outsized role that
Tier 1 resources play in meeting PJM’s reserve requirements.

To this point, Commission staff previously has recognized the importance of proper
pricing to provide correct incentives in its October 2014 paper entitled “Staff Analysis of
Shortage Pricing in RTO and ISO Markets” as part of the Commission’s Price Formation
proceeding in Docket No. AD14-14-000, noting on the very first page that:

A failure to properly reflect in market prices the value of reliability
to consumers and operator actions taken to ensure reliability can
lead to inefficient prices in the energy and ancillary services
markets leading to inefficient system utilization, and muted

investment signals. Reducing such inefficiencies may lead to more
reliable and more economic electric service to consumers.?

In that same vein, Dr. Hogan and Dr. Pope maintain that “[t]he accuracy of the real-time price
signal, in terms of sending a high price when the supply (i.e., energy plus reserves) is
constrained, or a low price during times of abundant supply, is a lynchpin of efficient electricity
market design.”?® Yet, simply, Synchronized Reserves are not appropriately valued in PIM’s
market today. While this is true on any given day, it is most problematic that the system fails to

value reserves when the system is most stressed. The most recent example is depicted in

28 2014 FERC Staff Shortage Pricing Report at 1.
2 Hogan & Pope PJIM ORDC Report at 5.
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Figure 5 concerning the extremely cold conditions PJM experienced in this past January 2019,
wherein prices were $0/MWh for 29 hours of the 48-hour period, and were less than (and mostly
significantly less than) $10/MWh for 41 hours of the 48-hour period.*

Figure 5.
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Out-of-market actions by PJM dispatchers to ensure adequate reserves during these stressed

conditions led to a spike in uplift as shown in Figure 6.

30 Hours less than $10 included two at $0.08, one at $0.63, one at $0.69 and one at $1.88 10-minute, non-
synchronized reserve prices were $0 for 46 of the 48 hours.
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Figure 6.
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Given the structural discrepancies in the incentives for Tier 1 and Tier 2 resources, and
the corresponding divergence in documented operational performance, the Tierl/Tier 2 construct
no longer meets the supply incentive objectives that the Commission identified in 2002 and,
accordingly, is no longer just and reasonable.

3. The Tier 1/Tier 2 construct is unjust and unreasonable because it impedes
price transparency.

The Tier 1/Tier 2 construct harms overall price transparency in the PJM market. Because
the Tier 1 product is voluntary, only compensated in response to a Synchronized Reserve Event,
and has an inherently inconsistent response rate, it is difficult for PJM to accurately estimate the
amount of Tier 1 resources on the PJM system at any given time, and the amount that will
actually respond to a Synchronized Reserve Event. As described in Mr. Pilong’s Affidavit,

despite the fact that PJIM has taken multiple steps over the years to better align its Tier 1
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estimates to be more reflective of expected actual resource response,®! the response rate of Tier 1
resources continues to be unacceptably low.

As a result, PIM system operators frequently take actions to account for the response
deficiencies of Tier 1 resources, such as: (i) manually assigning Tier 2 reserves intra hour;
(i1) reducing the hour-ahead Tier 1 estimate via a “Tier 1 bias” that must be manually entered in
to the hour-ahead reserve procurement tool (the Ancillary Services Optimizer, or “ASO”); and
(i) planning to meet the contingency recovery requirements by using Non-Synchronized
(Primary) Reserves.®> These actions are rational given the low actual response of Tier 1
resources relative to what is estimated, as evidenced in Figures 2—4 above. However, they are
nonetheless manual and/or out-of-market actions that can result in uplift, are fundamentally at
odds with the objectives of market price transparency, and can have a suppressive effect on
reserve prices because the explicit demand for Tier 2 reserves that are obligated to respond is not
reflected in the market.

Additionally, the confidence level in Tier 1 reserves differs by each system operator and
each scenario.®® This can create inconsistent operator interventions into the market. In most
circumstances, operators over-respond and add more Tier 2 into the market than the demand for
Synchronized Reserves reflects, thereby suppressing prices and creating uplift.®*

The Commission has explained that “as a general matter, market-based solutions are

preferable to out-of-market solutions,” and, as discussed in the next section, previously found

31 Pilong Aff. 11 24-26.

32 Pilong Aff. 1 26.

3 Pilong Aff. 119, 11.

3 See Keech Aff. 11 50-54.

% 1SO New England Inc., 144 FERC 61,204, at P 42 (2013), reh’g denied, Transcanada Power Mktg. Ltd. v.
FERC, 811 F.3d 1 (2015).
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the use of out-of-market operator actions at the expense of transparent market outcomes to be
unjust and unreasonable in the specific context of reserve markets.

B. PJM’s Current Operating Reserve Demand Curve Is Unjust and Unreasonable.
1. Overview of the current ORDC

In PJM, real-time reserve markets are cleared using ORDCs. Under the current market
rules, these ORDCs take the general shape of a vertical curve with step functions. When the
reserve requirement cannot be met, the reserve shortage is priced using the “penalty factor”
specified in the applicable ORDC. Stated simply, under today’s model, the penalty factor is used
to determine the price for being unable to meet the MRR. This price is intended to send a signal
to market participants that, as the reserve market clearing price reaches the penalty factor, a
reserve shortage may occur. Because PJM co-optimizes energy and reserves, the penalty factor
is also included in the calculation of the energy price such that when the system is unable to meet
its reserve requirement, energy prices are intuitively high.

More broadly, ORDCs administratively set the amount of reserves to clear, define the
limit on the cost the market is willing to incur to substitute reserves for energy, and functionally
act as a “cap” on the market clearing price to clearly indicate reserve shortages.®® Although
always present in market clearing, PJM’s current ORDCs only explicitly affect price when not
enough reserves are available at or below the MRR or are at a modest level (190 MW) beyond
the MRR. PJM’s ORDCs use penalty factors to represent customers’ theoretical maximum
willingness to pay for varying quantities of reserves, and ultimately are used in the calculation of

energy and reserve prices during shortage conditions for both Synchronized and Primary (i.e.,

3 Depending on the modeling of reserve products and sub-zones, the actual cap on a reserve product in a location
may be the sum of multiple penalty factors due to the nesting of products and regions.
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Non-Synchronized) Reserves. The current demand curve for Synchronized Reserve is shown as

follows.
Figure 7. Current Synchronized Reserve Demand Curve
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The Synchronized Reserve megawatts demanded in the red portion of the curve, labeled
Step 1, are determined by the real-time megawatt output of the single largest online contingency.
This quantity criterion is the MRR and has been in place since 2012, when shortage pricing was
implemented.®” The penalty factor of Step 1, $850/MWh, is based on analysis of the out-of-
market make-whole payments made for reserves from an operating event in 2007.% The blue
portions of the Synchronized Reserve demand curve, Steps 2A and 2B, were both added more
recently (in 2017 and 2015, respectively).3® The purpose of Step 2A was to add a smaller step on
the curve to avoid system volatility due to large swings in price for small changes in reserve
amounts that would have occurred with just Step 1.4° PJM implemented this change to the
ORDC in response to Order No. 825 which required PJIM and others to price all reserve

shortages, even those that are transient in nature. Step 2B was added as a result of a package that

37 PJM Interconnection, L.L.C., 139 FERC 9 61,057 (2012) (“Order No. 719 Compliance Order”).
% 1d. at PP 63, 78.

3% PJM Interconnection, L.L.C., Letter Order, Revisions to PJM’s Operating Reserve Demand Curves, Docket No.
ER17-1590-000 (Jul. 7, 2017); PIM Interconnection, L.L.C., 151 FERC 161,017 (2015).

“OLetter Order, Revisions to PJM’s Operating Reserve Demand Curves, Docket No. ER17-1590-000 (Jul. 7, 2017).
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was approved by PJM members that originated in the Energy and Reserve Pricing and
Interchange Volatility special sessions of the Market Implementation Committee. The purpose
of this optional step was to create the ability to extend the reserve requirement when PJM
operators took actions to schedule additional reserves during conservative operations.*!

PJM’s current ORDCs are unjust and unreasonable for two primary reasons. First, the
current ORDCs’ penalty factor levels are inadequate, as they do not capture all actions PJM
operators will take to meet PJM’s MRRs that are required to maintain compliance with the North
American Electric Reliability Corporation (“NERC”) reliability standards, thereby forcing any
action at a cost above the penalty factor to be taken out-of-market and not reflected in prices.
According to Dr. Hogan and Dr. Pope: “These actions skew and depress market price signals.”*?
This reality stands in opposition to the Commission’s articulated policy objectives regarding
market transparency for shortage pricing. Second, while PJM’s current ORDCs acknowledge the
value of committing reserves beyond the MRR, that added step (permitting PJM to incur up to a
$300/MWh for up to 190 MWh of added reserves) is limited, and does not attempt to estimate
the value that reserves beyond the added step can provide in reducing the risk of falling below
the MRR in real-time. In particular, the current rules do not adequately recognize the actions

PJM market operators take regularly to reduce the uncertainty of falling below the MRR. This

fails to acknowledge the value to reliability and price stability that such excess capability

41 This extension has a narrow scope, and has never been invoked. It is intended only for use in Conservative
Operations, which is defined in PJIM Manual 13 as a state of operations triggered by a weather, environmental, or
physical or cyber security event. See PJM, Manual 13: Emergency Operations, § 3.2 (rev. 68, Jan. 1, 2019),
https://www.pjm.com/~/media/documents/manuals/m13.ashx (“Manual 13”), section 3.2. That reserve extension is
just one of an array of measures PJM lists in Manual 13 for use when facing a triggering event. This extension was
not proposed to address the dispatcher schedule biasing actions (or other operator out-of-market actions) as
discussed in section 11.B.3 of this transmittal.

42 Hogan & Pope PJIM ORDC Report at 12.
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provides—two features that the Commission specifically identified in its prior rulings on PJM’s
capacity market. Each of these is described below.

PJM notes that it is unique in that it carries a much smaller amount of reserve in
proportion to total system load than other ISOs/RTOs. While carrying lower reserves is a major
cost savings to load and a consequence of a larger pool like PJM, the quantity must still be
sufficient to support reliability while providing proper pricing and incentives. Other ISOs/RTOs
have minimum reserve requirements in the range of 1,000-2,000 MW like PJM, but system load
is much less than PJM’s system load. For instance, approximations utilizing peak load show that
in PJM’s the Synchronized Reserve Requirement is on average approximately 1,600 MW out of
approximately 150,000 MW (1.05 percent) and Primary Reserves is on average approximately
2,300 MW out of approximately 150,000 MW (1.51 percent). In ISO New England Inc. (“ISO-
NE”), the 10-Minute Total Reserve requirement (comparable to PJM Primary Reserve) is
approximately 1,600 MW out of 24,000 MW (6.7 percent).** And in the New York Independent
System Operator, Inc. (“NYISO”), Total Synchronous Reserves (comparable to PJM
Synchronized Reserves) is 655 MW out of approximately 30,000 MW (2.2%) and Total 10
Minute Reserves (comparable to PJM Primary Reserves) is 1,310 MW out of approximately
30,000 MW (4.4%). ** Recognizing that PJM often carries reserves in excess of the requirement,

comparisons of the average megawatts of reserve carried by PJM still demonstrate that PJM

43 The 1SO-NE peak load figure can be found in the 1ISO-NE 2017 Annual Markets Report at page 5. 1SO New
England Inc. Internal Market Monitor, 2017 Annual Markets Report, at 5 (May 17, 2018), https://www.iso-
ne.com/static-assets/documents/2018/05/2017-annual-markets-report.pdf. The reserve requirements can be found on
the ISO-NE website Hourly Reserve Requirements, I1SO New England Inc., https://www.iso-
ne.com/isoexpress/web/reports/pricing/-/tree/ancillary-hourly-rr_(last visited Mar. 29, 2019).

4 The NYISO peak load figure can be found in the 2017 State of the Market Report at page 8. Potomac Economics,
2017 State of the Market Report for the New York ISO Markets, at 8 (May 2018),
https://www.potomaceconomics.com/wp-content/uploads/2018/06/NY1SO-2017-SOM-Report-5-07-2018_final.pdf.
The reserve requirements can be found on the NYISO website. NYISO Locational Reserve Requirements, New
York Independent System Operator, Inc.,
https://www.nyiso.com/documents/20142/3694424/nyiso_locational_reserve_reqmts.pdf/ab6e7fb9-0d5b-a565-bf3e-
a3af59004672.
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systematically carries less reserves (as a percentage of peak load) than other ISOs/RTOs. In
2018, PJM carried on average 2,139 MW of Synchronized Reserve (1.43%) and 3,282 MW of
Primary Reserve (2.19%). With PJM’s relatively small margin of reserves, the probability of
falling below the minimum requirements is greater in PIM. PJM’s proposal recognizes this
probability. The simulations discussed by Mr. Keech demonstrate an increase in the average
amount of reserves that would be carried under this proposal. The average Synchronized
Reserves carried increased to 3,168 MW (2.11% of peak load) while the average Primary
Reserves carried increased to 3,846 MW (2.56% of peak load). Even with the expected increases
in reserve quantities with this proposal, PJIM will still be far below that of other RTOs relative to
system load.

2. The current Reserve Penalty Factor levels are inadequate as they do not

fully reflect in clearing prices the incremental cost of resources that PJM
needs to meet MRRs.

When PJM implemented the current ORDCs in 2012, the demand curves were only a
single step at the existing $850/MWh penalty factor. At that time, the energy offer cap was
$1,000/MWh. PJM proposed $850/MWh as the final penalty factor to be used in a phased
transition plan to implement shortage pricing in a manner that was compliant with Order
No. 719.% As stated previously, this number was derived based on the average out-of-market
payments to resources that were providing reserves during a shortage event in 2007. Although
the $850/MWh penalty factor was filed in compliance with Order No. 719,%® it, along with the
transition plan to escalate penalty factors over a number of years, represented a compromise

position for PJM that attempted to strike a balance between a penalty factor level that would

45 Order No. 719 Compliance Order at P 62.

46 Wholesale Competition in Regions with Organized Electric Markets, Order No. 719, 125 FERC { 61,071, (2008),
order on reh’g, Order No. 719-A, 128 FERC {61,059, (2009), order on reh’g, Order No. 719-B, 129 FERC
{161,252 (2009).
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accommodate “most” operating conditions and allaying stakeholder concerns that prices would
be “too high.”

At that time, PJM and stakeholders discussed the primary side effect of setting the
penalty factor too low—false positives for shortage pricing. Also referred to as “economic
shortages,” in these scenarios the physical capacity is available to meet PJM’s energy and
reserve needs at costs in excess of $850/MWh, but the penalty factor limits the ability for the
Security Constrained Economic Dispatch (“SCED”) engines to take those actions and for the
prices to reflect that such actions were taken. While that potential existed at the time the
$850/MWh penalty factor was proposed, given that the ultimate offer cap was $1,000/MWh
(which is in close proximity to the $850/MWh penalty factor), the probability of an economic
shortage was relatively slim, and therefore PJM was willing to compromise on its position.

Several rules in the market have since changed, thereby requiring PJM to reexamine the
previously-established penalty factor level, and ultimately proposing to increase it. With respect
to PJM’s current design, Dr. Hogan and Dr. Pope explain: “Implementation of the existing
design, especially given changing operating conditions, yields energy and operating reserve
prices in PJM that do not align with economic principles. The prices of incremental reserves and
energy can deviate from incremental cost and are not consistent with the implications of first
principles for determining the value of operating reserves when supply is constrained.”*’ The
primary driver for PJM’s decision to modify its penalty factor is that the structure of offers has
changed since 2012. In November 2016, Order No. 831 established an ultimate cap on price-

setting offers of up-to $2,000/MWh.*¢ The Commission did, of course, require such offers to be

4" Hogan & Pope PJIM ORDC Report at 3.

48 Offer Caps in Markets Operated by Regional Transmission Organizations and Independent System Operators,
Order No. 831, 157 FERC 1 61,115 (2016), order on reh’g & clarification, Order No. 831-A, 161 FERC { 61,156
(2017), amended by 165 FERC § 61,136 (2018) (“Order No. 831”). Also, note that the current strike prices for
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cost-justified, but once were justified, operators utilizing those resources would be calling on an
asset which has an offer value ranging potentially up to $2,000/MWh. This change on its own
warrants a review of the penalty factor, as it results in transactions (generation offers, demand
response offers, and import transactions) with cost-justified offers up to $2,000/MWh being
dispatched to maintain reserves under certain conditions.

If these offers set the Locational Marginal Prices (“LMP”) (and the intent is to have them
do so if they are needed to maintain reliability), it will significantly increase the opportunity cost
incurred by resources that are re-dispatched away from their profit maximizing output level to
maintain reserves. In order to permit these resources to set the energy prices as they should, and
maintain the required level of reserves, the penalty factor must be increased to ensure that all
resources available to provide reserves are fully utilized prior to going short reserves. For
example, consider a scenario where PJM has deployed demand response with an energy offer of
$1,800/MWh to maintain its reserve requirement and the resource sets the energy price at that
level. If a resource exists with an energy offer of $600/MWh that could be re-dispatched to
provide reserves, it would incur a $1,200/MWh lost opportunity cost if it were assigned reserves.
Under the current penalty factor of $850/MWh, that resource would not be re-dispatched by the
SCED engine to provide reserves because the cost to do so, $1,200/MWh, exceeds the penalty
factor of $850/MWh. Absent the ability to meet the requirement at a cost less than $850/MWh,
the system would go into shortage pricing despite the capacity being physically available to meet
the reserve requirement (a false positive). In this scenario, the prices will not reflect the

operating state of the system because the system is not physically short.

demand response were established in a May 2014 order, after the establishment of the $850/MWh penalty factor.
See PJM Interconnection, L.L.C., 147 FERC 1 61,103, at P 112 (2014).
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To avoid a physical shortage, system operators will manually dispatch the $600/MWh
resource to maintain the needed reserves and the resource will be paid through uplift.*® As Mr.
Keech explains, “There are two possible outcomes from this: (1) system operators manually
assign this unit reserves, reserve and energy prices do not reflect actual system conditions, and it
is paid through uplift; or (2) there is an economic shortage because the physical capacity was
available to meet the requirement but the willingness to pay for reserves (Reserve Penalty
Factor) was set too low. Both are undesirable and reflect the need to increase the Penalty
Factor.”® Simply, the market prices do not transparently reflect the operator actions—the
operator was required to take an out-of-market action to maintain reserves, and that action
resulted in uplift and associated cost-shifting.

This operational reality runs counter to the Commission’s prior guidance on transparency
for shortage pricing in organized wholesale markets, and specifically to the basis upon which the
Commission approved PJM’s current ORDCs and associated penalty factors. In Order No. 719,
the Commission found that rules that “do not allow for prices to rise sufficiently during an
operating reserve shortage to allow supply to meet demand are unjust, unreasonable, and may be
unduly discriminatory,” because they “may not produce prices that accurately reflect the value of
energy and, by failing to do so, may harm reliability, inhibit demand response, deter entry of
demand response and generation resources, and thwart innovation.”® In response to concerns
raised by the PJM Power Providers group regarding shortage pricing mechanisms and the need
for prices to reflect actual system operation, the Commission stated that “[w]e share PJM Power

Providers’ concern about out-of-merit order generation, such as the example they cite, and it

49 See Keech Aff. § 11.
50 4.
51 Order No. 719, 125 FERC Y 61,071, at P 192.
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being reimbursed through uplift charges. The Commission further noted that “[a] market

works more efficiently when all decisions of the system operator that affect costs, e.g., running
peaking units, are reflected in market prices rather than in uplift charges,” and stated that “[w]e
encourage all RTOs and ISOs to consider this when evaluating their existing shortage pricing
rules or developing new ones.”>
Similarly, in its order on PJM’s Order No. 719 compliance filing, the Commission
specified that “the costs of resources procured to alleviate shortages should be reflected in
transparent market prices whenever possible” and that “[p]Jayments made only to individual
resources and recovered in uplift fail to send clear market signals.”®* The Commission noted that
“PJM is required to schedule sufficient contingency reserves to satisfy [ReliabilityFirst
Corporation] requirements” and accordingly “[i]t is appropriate that PJIM be able to reflect the
costs of these reserves in a transparent market clearing price.”>®
Applying these principles, the Commission in the Order No. 719 Compliance Order

reviewed specific evidence and analysis provided by PJM, and concluded that market prices for
reserves had failed to accurately reflect the true value of those reserves during shortages.

PJM has identified seven events occurring during 28 hours over the

previous five years when reserve shortage conditions have been

experienced within the PJM region. During these shortage events,

synchronized reserve market clearing prices were consistently low,

sometimes as low as $ 0 per MWh, while energy prices ranged

between $ 300 per MWh to just over $ 1,000 per MWh. However,

during most of these shortage events, there were sizable out-of-

market, resource-specific opportunity cost payments made to

resources that were held back from energy production to provide
reserves, including payments as high as $ 923 per MWh during the

52 1d. at P 207.

53 d.

54 Order No. 719 Compliance Order at P 63.
%5 1d. at P 98.

32



August 8, 2007 event. This evidence demonstrates that market
prices for reserves have not reflected the cost and value of
providing reserves during these periods.>®

We find convincing PJM’s analysis of reserve shortage events
showing relatively low, or even zero value, clearing prices for
synchronized reserves in the face of a reserve shortage. For
example, on August 2, 2006, PJM recorded its all-time peak load
of 145,000 MW and the entire RTO was in a shortage of total 10-
minute reserves. However, the synchronized reserve market
clearing price was zero throughout this reserve shortage event.
The zero price for reserves occurred in the presence of high energy
prices and a deployment of emergency demand response resources.
For the above reasons, we find that this price formation during a
primary reserve shortage is not consistent with system or dispatch
needs.>’

The most effective way to avoid the ill-effects associated with economic shortages and
achieve the Commission’s goal of price transparency is to set the penalty factor high enough to
reflect the actions the operator will take to maintain reserves. In Order No. 831, the Commission
established $2,000/MWh as the maximum level at which an offer can be eligible to set the LMP.
This level is critically important because it also establishes the maximum reasonable opportunity
cost that a resource may incur when providing reserves with an LMP of $2,000/MWh. The term
“reasonable” is used in this context because the marginal cost of supply is only one component
of the LMP. In addition to that component, LMP includes congestion and losses which may
increase (or decrease) the LMP relative to the marginal energy offer. The effects of these
components can vary greatly by node across the system and over time, yet the ORDC, by

definition, must capture the cost of actions to maintain reserves across a broad area of the

footprint over which the reserve requirement is defined.®® Thus, as discussed in Section 111.B

% 1d.
1d. at P 71.

%8 See Hogan & Pope PJM ORDC Report at 14 (“Operating reserves are a system requirement. They are a product
that provides reliability simultaneously to all users of the system.”).
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below, under current PJIM market rules, $2,000/MWh is the lowest reasonable level at which the
penalty factor can be set and still be consistent with actions that system operators are required to
take to maintain reserves.

Absent increasing the penalty factor to $2,000/MWh as proposed below, system
operators will be required to continue procuring reserves in the future at costs above $850/MWh
outside the market, creating a distortion in the market that results in uplift. Dr. Hogan and Dr.
Pope noted this in saying “[b]ecause the penalty factor is lower than the cost of these actions, it
will not provide a market price signal to call forth voluntary provision of additional reserves at
prices lower than the cost of the mandatory emergency actions.”® This, they say, can lead to
“suppress[ed] energy and reserve prices and increase uplift costs.”®®  In sum, the current
$850/MWh penalty factor is inconsistent with PJM’s system operations and incompatible with
the Commission’s goal of price transparency, and is therefore unjust and unreasonable.

3. PJM’s current ORDCs acknowledge the value of reserves above the MRR
to a limited point, but unreasonably fail to account for the uncertainties

that PJM operators currently must address to maintain system balance
and adequate reserves.

As explained in Mr. Pilong’s affidavit, PJM must maintain reserves to respond to the
single largest contingency on the system at any given time, in compliance with NERC reliability
standards.®* Pursuant to its reliability obligations, PJM must not only maintain system balance
and all reserve requirements, but must also conduct prospective forecasting and planning

activities on an ongoing basis to ensure that system balance and reserve requirements are

¥1d. at 3.
80 d.
81 Pilong Aff. { 21.
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maintained throughout the operating day.®> PJM uses automated tools and support staff to
produce applicable forecasts and ensure that these forecasts are as accurate as possible.®
However, as with all forecasts, some level of error is always present, because PJM does

not have perfect vision into the future. Factors such as actual load, actual interchange, and the
actual performance/availability of generation resources can and often do deviate from their
forecasted quantities, despite PJM’s efforts to achieve maximal forecasting accuracy. As a
result, PJM dispatchers will brace against the potential for forecast error by “biasing” the cases
produced by Intermediate Term (“IT”) SCED, thereby ensuring that adequate generation is
online and available for the Real-time (“RT”’) SCED engine to use to meet PJM’s demand and
reserve requirements.®* As Mr. Pilong explains:

This bias is a catch-all value to account for all possible errors in

the forecasts. Its effect is to increase (or decrease) the amount of

net demand that the IT SCED solution will optimize for and

therefore recommend that additional (or reduced) resources be

committed. For example, during a morning load pick-up when

demand is increasing rapidly, the dispatcher may bias the cases by

2,000-3,000 [MWs] to account for faster-than-expected load,

lower-than-expected generation, and generators that are slow to

ramp-up. Use of a bias, and the amount of the bias, are based on

the dispatcher’s training, experience, and judgement.%®

This intentional biasing of generator scheduling is essential to maintain reliability under the

current market construct.5®

62 1d. 19 5-7.
83 1d. 7 6.

64 1d. 11 8-11. Note that for the same reason that PJM’s forecasts are not 100 percent accurate—PJM does not have
perfect vision into the future—PJM’s IT SCED biasing is similarly not 100 percent accurate. In the event that the
projected forecast error turns out to be smaller than anticipated, the potential exists for PJIM to have scheduled
additional generation that is not ultimately needed by the RT SCED engine. As discussed below, and as Mr. Keech
explains, this could lead to price suppression and, ultimately, uplift. See Keech Aff. { 40.

% Pilong Aff. 1 9.
% pilong Aff. 1 9.
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In certain instances, PJM dispatchers will also take out-of-market actions to commit
additional generating reserves manually. This may occur for conditions that IT SCED biasing is
not directly able to account for, such as the need for longer lead generation that must be
committed prior to the IT SCED 2-hour window, or if there is a locational need for the reserves
due to major transmission constraints.®’

Neither of these two categories of operator actions, biasing and out-of-market
commitments, which are directed to the essential role of maintaining system balance and
required reserves, are presently incorporated into the design of PJM’s current ORDCs.
Currently, PJM has a second step (Step 2A) on its demand curves that is 190 MW at a penalty
factor of $300/MWh. While Step 2A provides some metric by which to value reserves in excess
of the MRR, its original intent was to act as a buffer to protect against price swings, and not to
explicitly value reserves beyond the minimum requirement.®® Additionally, the length and price
associated with this step are not consistent with the current magnitude of the real-time
uncertainties in the PJM market. For example, the length of Step 2A is 190 MW, but the average
wind forecast error alone during the early hours in winter time (period 2015-2017) is around 160

MW.5® If this average wind uncertainty were to materialize, then 160 MW of the additional 190

%7 Pilong Aff. 11 18-20.

8 Step 2A was implemented in 2017, in response to Order No. 825. In that order, the Commission required that
RTOs/ISOs to price all transient shortages regardless of duration. Order No. 825, 155 FERC { 61,276, at P 162.
This order was not consistent with PJM’s practice of only pricing a reserve shortage if it was expected to persist for
at least 30 minutes. In addition to changes to technical software, PJM also filed changes to its ORDCs under
Section 205 to implement Step 2A on the ORDC. The calculus behind Step 2A is far less rigorous than what is
provided herein to support the proposed ORDCs. The 190 MW width of Step 2A is based on the mean level of
reserve shortage experienced over the study period plus one standard deviation. The $300/MWh price associated
with that step was based on an analysis of generator offers submitted at that time that might be called online to help
mitigate a potential shortage of the $850/MWh step.

59 Rocha Garrido Aff. § 20.
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MW reserves procured would already be taken up by this single uncertainty.”® In addition, as
currently structured, PJM’s ORDCs contain “vertical” curves that prohibit PJIM from explicitly
scheduling the flexibility that is needed to accommodate legitimate forecasting uncertainties
beyond the requirement expressed in Step 2A of the demand curve. This mutes investment
incentives for flexible resources in PIM that will be needed to operate reliably given the ever-
growing amount of renewables in PJM.

This limitation on PJM’s ORDCs runs counter to sound economic principles.
Specifically, as described in the Hogan & Pope PJIM ORDC Report, in assessing PJM’s current
ORDCs, Dr. Hogan and Dr. Pope conclude:

The existing PJIM market design includes the basic elements of an

ORDC through two levels of penalty factor when operating

reserves fall to certain reserve thresholds. But this design is

inadequate. It does not recognize the true value of reserves along a

continuum derived from the probabilistic representation of the

expected need for additional reserves in real-time. Additionally,

the maximum penalty price falls short of the cost of actions the

PJM system operator currently takes in order to restore operating

reserves. This leaves market participants exposed to the impact of

out of market decisions which undermines confidence by PJM

market participants that the prices in the markets will be the result

of competitive market forces.”
Both types of actions taken by operators —out of market procurement and biasing—can result in
uplift. The former scenario is— a resource that is needed to provide reserves but was scheduled
outside of the market engine will be eligible for make whole payments that result in uplift.

However, the price suppression and related uplift payments necessitated by biasing may not be

as obvious. Mr. Keech provides an example in his affidavit.”? He explains, to the extent

0 1d. Furthermore, in this example, only the average wind forecast error was considered; there is a non-zero chance
such wind forecast error is greater than the average, not to mention the fact that there are additional uncertainties.

" Hogan & Pope PJIM ORDC Report at 4.
2 Keech Aff. {1 50-53.
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additional resources are procured as a result of biasing than are actually needed during the
operating interval, such resources will result in excess supply on the system and suppress prices.
“In the LMP calculation, the goal is to set the marginal clearing price at the lowest cost to serve
the next increment of load. When this problem is solved, the solution is to dispatch up the
resources with the low incremental cost. ... [t]his sets the LMP for all resources on the
system””® which then leads to a make whole payment (and thus uplift) to be paid to the more
expensive resources called on as a result of biasing.

This limitation on PJM’s “vertical” ORDCs, which prohibit PJM from explicitly
scheduling the flexibility that is needed to accommodate legitimate forecasting uncertainties
beyond the requirement expressed in Step 2A of the demand curve, also runs counter to the
Commission’s prior acknowledgement of the value to reliability and price stability that excess
capability provides in other contexts. For example, in its 2006 order on PJM’s Reliability
Pricing Model (“RPM”) settlement,’* the Commission specifically identified the failure of
vertical demand curves in PJM to reflect the incremental value to reliability that capacity beyond
the Installed Reserve Margin creates, and approved the use of a downward-sloping demand curve
in place of the then-existing vertical demand curve. In particular, the Commission stated that
“we agree with PJM that a downward-sloping demand curve provides a better indication of the
incremental value of capacity at different capacity levels than the current vertical demand
curve.””® The Commission observed that “[u]nder a vertical demand curve, capacity above the
Installed Reserve Margin 1s deemed to have no value,” but nonetheless “[iJncremental capacity

above the Installed Reserve Margin is likely to provide additional reliability benefits, albeit at a

7 1d. 153.
"4 PJM Interconnection, L.L.C., 117 FERC ¥ 61,331 (2006) (“RPM Settlement Order”).
S 1d. at P 76.
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declining level.”’® The Commission concluded that “[t]his value is reflected in the positive (but
declining) prices in the sloped demand curve to the right of the Installed Reserve Margin, but is
not reflected in the current capacity market.”’’

In its rehearing order, the Commission reiterated that “[t]he sloping demand curve is
designed to replicate a true market in which incremental amounts of capacity will have gradually
declining, but positive, reliability benefits” and that “[t]he current vertical demand curve fails to
reflect the value of incremental reliability.”’® The Commission also stated that “the vertical
demand curve results in extremely volatile pricing, because as long as supply exceeds the
required amount, the price falls precipitously, while, when capacity is short, price will rise to the
deficiency penalty level.”’”® The rationale underlying the concerns regarding PJM’s vertical
demand curves that the Commission has previously expressed in the capacity market context are
also applicable to the vertical demand curves in PJM’s reserve market. PJM’s current ORDCs
irrationally prevent PJM from explicitly scheduling the flexibility that is needed to accommodate
legitimate forecasting uncertainties beyond the requirement expressed in Step 2A of the demand
curve through the market, thereby ignoring the incremental value to reliability and price stability
that such reserves provide. As discussed below, these uncertainties are projected to increase in

the future. Accordingly, the Commission should find that PJM’s currently-effective ORDCs are

unjust and unreasonable.

®1d.

7 1d. Note that this framework is not uniform among all RTOs. For example, in MISO, state rate base serves as the
backstop for the incremental generation value that the slope demand curve compensates for in PJM.

8 PJM Interconnection, L.L.C., 119 FERC {61,318, at P 99 (2007).

" 1d.; see also 1SO New England, Inc., 153 FERC { 61,338 (2015); Ny. Indep. Sys. Operator, Inc., 103 FERC
161,201 (2003).

39



C. PJM’s Day-Ahead and Real-Time Procurement of Reserves is Out of Alignment
and is Unjust and Unreasonable.

1. PJM’s forward procurement of reserves is inadequate.

PJM’s current market design schedules 30-minute reserves in the day-ahead market and
maintains 10-minute reserves in the real-time market. There is no attempt at a forward
procurement of 10-minute reserves on a day-ahead basis, despite the clear need for these
resources in real-time. Every other ISO/RTO has a methodology to procure the reserve products
needed in real-time in advance of the operating day except PJM. Many ISOs/RTOs such as SPP,
MISO, NYISO, and California Independent System Operator Corporation (“CAISO”) align their
reserve products in their day-ahead and real-time markets to ensure that when they schedule
supply for the next operating day they do so recognizing their reserve needs. ISO-NE’s model
elects to procure each reserve product on a more forward basis (several months) to ensure
adequate supply for real-time system operations. The lack of a forward procurement of reserves
relied on in real-time distinguishes PJM from other ISOs/RTOs in this context.

While PJM generally has procured sufficient 10-minute reserves in the real-time market,
uncertainty exists as to whether at any given time sufficient reserves will be available in real-
time given the lack of any forward obligation to be available to provide such 10-minute reserve
capability. What is more, the lack of a day-ahead market precludes such resources capable of
providing 10-minute reserve from being able to lock-in to a forward revenue stream that
solidifies the incentive to perform in real-time.

Furthermore, the procurement of these reserves is managed completely in real-time and
not considered during the scheduling of the vast majority of all other resources needed for that
Operating Day. As a result, PJM’s reserve market design is not functioning to procure 10-

minute reserves at the lowest cost because, by looking only at resources available to provide
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reserves in real-time, PJM ignores longer-lead time resources that may have been available and
more cost-effective but needed to be lined up day-ahead. The result is that the real-time reserve
commitment almost certainly will not result in the lowest cost solution, relative to a day-ahead
procurement. Moreover, in extreme circumstances, relying solely on a real-time procurement
could result in under-scheduling the needed reserves for real-time causing unnecessary real-time
reserve shortages. Thus, PJIM’s current practice does not meet the threshold for truly co-
optimizing energy and reserves in the resource commitment timeframe and therefore does not
minimize the procurement cost of these resources.

2. PJM’s 30-minute Day-ahead Scheduling Reserve is not valued, from a
market perspective, in real-time despite its operational value.

Because there currently is no 30-minute Reserve Requirement in real-time, the 30-minute
Day-ahead Scheduling Reserves are not viewed as reserves in the real-time market, and PJM can
dispatch such megawatts as energy without concern for maintaining any real-time reserve
requirement. Thus, by not maintaining a 30-minute reserve product in real-time, the market fails
to recognize any value that product may have in maintaining real-time operations. Indeed, as
Mr. Pilong explains PJM “maintains a calculation that estimates real-time 30-minute reserves,
for situational awareness purposes.”®® But given PIM’s only current 30-minute reserve
product—Day-ahead Scheduling Reserve—is not actively maintained in real-time, “there is no
guarantee the DASR will ensure that there are sufficient resources available in the operating day

to recover the Synchronized and Primary Reserves.”8!

8 pilong Aff. 1 5.
8 1d. 1 30.
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3. The lack of alignment between the day-ahead and real-time products is
problematic as it causes commitment mismatches, price dislocation, and
inefficient price arbitrage.

The methodology used to schedule Day-ahead Scheduling Reserves day-ahead does not
acknowledge the simultaneous need for 10-minute reserves. Rather, the current requirement for
Day-ahead Scheduling Reserves is based on the average day-ahead load forecast error and
average expectation of forced outages in real-time. If both of these averages occurred as the day-
ahead model expects in real-time, then, when such real-time conditions deviate from the day-
ahead’s expectations, there could be no additional headroom for the additional 10-minute
reserves that are needed in real-time.

The joint co-optimized method in which energy and reserves are procured
simultaneously, and with regard to the cost of interchanging energy and reserves, means that the
imposition of a requirement for 30-minute Day-ahead Scheduling Reserves will impact the
commitment of resources in the day-ahead market and ultimately influence not only reserve and
energy prices but also which resources are cleared to provide energy and which are cleared for
reserves. This misalignment can also result in different transmission constraints between the
day-ahead and real-time, leading to additional balancing congestion—a cost that is allocated to
real-time load and exports.

In addition, under the current practice, there is no direct offset or guarantee that resources
procured in the day-ahead market as Day-ahead Scheduling Reserve can provide 10-mintue
reserves in the real-time market. This is due to a number of factors. First, the performance
requirements for the two products vary: one must be able to provide a specific amount of energy
within 30 minutes, while the other must be able to provide energy within 10 minutes. A
resource’s physical characteristics (e.g., ramp rate) may preclude it from being capable of

providing the same amount of reserves 10-minutes out, as it can 30-minutes out.
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Second, given the differing time horizons, PJM’s current 30-minute reserve requirement
averages about 5,600 MW per hour, while the average 10-minute reserve requirement (Primary
Reserve) in the real-time market is about 2,200 MW per hour. Thus, even if the current day-
ahead procurement was associated with the current real-time obligations, there is no guarantee
that at least 2,200 MW of the 5,600 MW scheduled in 30-minute reserves can be converted to
energy in 10 minutes. For example, if 100 percent of the 30—minute reserves were offline
resources that had times to start in excess of 10 minutes but less than 30 minutes, then none of
the 30-minute reserves can provide 10-minute reserves. While this scenario is unlikely, it can
occur and illustrates a deficiency not explicitly enforcing a 10-minute reserve requirement during
the day-ahead scheduling process.

In addition, procuring a 30-minute reserve product in the day-ahead market when only
10-minute reserves are procured in real-time creates a modeling discrepancy between the day-
ahead and real-time markets. Clearing the day-ahead market when modeling only a 30-minute
reserve requirement, as opposed to modeling both a 30-minute reserve requirement and
10-minute reserve requirements, will likely produce the commitment of a different set of
resources and different market clearing prices.8? Such disparate outcomes are the result of
different reserve requirement constraints placed on the market clearing algorithm, to the extent
such constraints bind. Accordingly, by not modeling 10-minute reserves in the day-ahead
market, the market misses out on the most efficient set of resources or price outcomes based on
the expected conditions in real-time. Further, PJM’s current practice can result in higher costs to
meet the 10-minute reserve requirements in real-time than would occur had those requirements

been modeled in the day-ahead market.

82 The only time this will not produce a different commitment and dispatch solution is when meeting the 30 minute
requirement simultaneously meets the 10 minute requirement. Without modeling a 10 minute requirement,
explicitly, this would only occur by luck.
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The energy price discrepancies between the day-ahead and real-time markets that result
from modeling disparate reserve requirements in each market can provide opportunities for
profitable Virtual Transactions® that, while rational, do not benefit the market. Unlike with
Virtual Transactions which can create market efficiencies due to the differences between supply
and demand between day-ahead and real-time and the resulting price difference, the arbitrage
opportunity that exists by having different reserve products in the day-ahead and real-time is not
based on price differences, but rather exists through modeling differences due to the distinct
products. While the arbitrage behavior may be rational and not against the market rules, in this
circumstance such arbitrage will not lead to the market efficiencies that price convergence could
engender for the simple reason that there are no prices to converge.

1. PJM PROPOSES JUST AND REASONABLE TARIFF CHANGES THAT

DIRECTLY ADDRESS AND RESOLVE THE CURRENT, UNJUST AND
UNREASONABLE, DESIGN FLAWS IN THE RESERVE MARKET RULES.

When the Commission finds that existing tariff terms are unjust, unreasonable, or unduly
discriminatory under FPA section 206, it must establish the just and reasonable terms needed to
replace the terms and conditions it found unlawful .8 To ensure just and reasonable rates, PJM
has developed, and hereby presents for Commission consideration, replacement terms and
conditions to address and resolve the shortcomings, detailed above, that render the current
reserve market rules unjust and unreasonable. To facilitate the Commission’s determination of
just and reasonable replacement terms, PJM has drafted, and includes with this filing, tariff

revisions that would implement PJM’s recommended approach to resolving the current flaws.%

8 Tariff, section 1, Definitions T-U-V (defining Virtual Transaction as “a Decrement Bid, Increment Offer and/or
Up-to Congestion Transaction”).

84 See 16 U.S.C. § 824e.

8 At the request of stakeholders, PJM posted its then-existing draft tariff revisions to its website on March 11, 2019.
PJM reviewed its proposed revisions with stakeholders at a meeting held on March 14, 2019, and took comments on
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A. PJM Proposes to Consolidate the Tier 1 and Tier 2 Synchronized Reserve
Products into One Synchronized Reserve Product to Ensure That Proper
Incentives Are in Place for Consistent and Reliable Performance.

PJM proposes to consolidate the Tier 1 and Tier 2 reserve products into one uniform
Synchronized Reserve product, modeled closely after the Tier 2 product that exists today. To
effectuate these reforms, PJIM proposes to replace the terms “Tier 1” and “Tier 2” with the
unified term “Synchronized Reserve” throughout the Tariff and Operating Agreement.®® The
consolidated reserve product will: (i) be assigned based on the market solution that maximizes
social welfare (in part through minimizing production cost); (ii) be obligated to respond based on
the assigned quantity; (iii) be compensated at the applicable clearing price for the assigned
megawatt amount; and (iv) face a penalty if the resource does not respond during an event. The
consolidated product will be treated comparably regardless of whether the reserves come from
unloaded reserve capability or re-dispatched reserve capability. Revisions related to establishing
the new crediting/offer structure for the unified Synchronized Reserve product are described in
Section 111.C, below.

As part of this consolidation, PJM also proposes to change the compensation structure for
Synchronized Reserve. Under the current construct, the offer/compensation for Tier 1
Synchronized Reserve is the Synchronized Reserve Energy Premium Price, which is $50/MWh,
and which is intended to compensate generators for the added wear and tear and increased
maintenance that result from a Synchronized Reserve event when generators must respond
quickly over short periods of time. In addition to that, Tier 1 reserves are compensated the Tier 2

clearing price when the Non-Synchronized Reserve Clearing Price is greater than $0.00/MWh.

whether the draft revisions appropriately implemented the reserve market changes PIM was directed to file by the
PJM Board.

8 See Operating Agreement, Schedule 1, sections 1.7.19A(a), 3.2.3A(b)(i), 3.2.3A(g), 3.2.3A(i), 3.2.3A(j); Proposed
Operating Agreement, Schedule 1, sections 3.2.3A(b)(i), 3.2.3A(g), 3.2.3A(i), 3.2.3A()).
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Because PJM proposes to remove the Tier 1 product, both of the aforementioned methods of
compensation to Tier 1 resources will be eliminated.®” With respect to Tier 2, generators that
provide Tier 2 Synchronized Reserve are currently compensated at the higher of (a) the clearing
price or (b) the resource’s cost to provide the service (including any applicable resource-specific
condense start-up or energy consumption costs), the resource’s offer to provide Synchronized
Reserves, and unit-specific opportunity cost for supplying Synchronized Reserve. The
Synchronized Reserve offer may not exceed the variable operations and maintenance (“VOM”)
cost plus a $7.50/MWh adder. The clearing price is generally equal to the highest sum of a
generator’s Synchronized Reserve offer and the specific opportunity cost of the resource.

PJM proposes to change this offer structure for Synchronized Reserve in two primary
ways. First, PJM will calculate a resource’s availability and reserve capability MW using the
availability and unit parameters offered in for energy, with some exceptions. For this provision,
PJM will utilize the existing parameters that define a resource’s flexibility that are submitted for
use in the energy market such as Economic Minimum, Economic Maximum, and energy ramp
rate. Additionally, participants will be provided with additional ability to update energy ramp
rates intra-day and to update the Synchronized Reserve maximum MW intra-hour to enable more
accurate representation of their reserve capability. Second, the VOM component will be
removed from Synchronized Reserve offers (as this component is already included in energy
offers) and the presently-effective $7.50/MWh offer margin will be reduced to the expected
value of the penalty.

A central goal of the market design for Synchronized Reserve offers is to ensure that

resources on the margin are indifferent to providing reserves or energy. Allowing participants to

87 See Operating Agreement, Schedule 1, sections 3.2.3A(b)(i), 3.2.3A(g), 3.2.3A(i), 3.2.3A().
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express the risk they assume by accepting an obligation via the Synchronized Reserve offer is
essential to ensuring that they are indifferent. In the context of PJM’s proposed Tier 1/Tier 2
consolidation, the existing margin adder allows participants to express this risk. However, the
existing $7.50/MWh level of this adder is based on the implicit margins in actual offers made by
participants for Tier 2 Synchronized Reserve prior to the implementation of the market in 2002.88
These offers included market power, and were based on only two suppliers at the time.®° As Mr.
Keech explains,® the risk resources assume by accepting an obligation can be approximated by
calculating the expected value of the Synchronized Reserve penalty, where:

Expected Value of Synchronized Reserve Penalty = Average Penalty Rate
($/MWh) * Probability of an Event * Probability of Underperformance

The existing $7.50/MWh margin is well in excess of the near $0.00/MWh expected value of the
Synchronized Reserve penalty resources may which takes into account the average penalty rate
as well as the probabilities that a Synchronized Reserve Event will occur and that a resource will
underperform in such event (expected value of penalty was $0.01/MWh in 2017 and was
$0.02/MWh in 2018).9* Accordingly, PIM proposes lowering the cap on the margin adder to the
expected value of the penalty. Specifically, PJIM proposes re-calculating this value on an annual
basis. Rather than setting the cap to a static $0.00/MWh based on current conditions, reassessing

the cap on a periodic basis will allow the cap to change as clearing prices, and consequently the

8 See PJIM ER02-2519 Filing, Report on Spinning Reserve Market By: Joseph E. Bowring — Manager PJM Market
Monitoring Unit 120 (“PJM’s MMU proposed a margin of $7.50/MWHh, which is incorporated in the Tier 2
Spinning Reserve market as part of the cost-based bid cap. The MMU calculated the margin based on an analysis of
the margins implicit in the historic actual offers made by participants for Tier 2 Spinning Reserve. In its calculation,
the MMU used the revenues received at the accepted level of offers and netted out energy costs and O&M costs to
arrive at the margin. Thus, the proposed margin is based on the historic actual margins offered and received by
market participants for Spinning Reserve.”).

8 1d. 113 (“The concentration in the Spinning Reserve market was extremely high, equivalent to less than two
suppliers of equal size, on average, providing Spinning Reserve.”).

% Keech Aff. 157.
% Mr. Keech explains how PJM calculated the expected penalty value. See Keech Aff. {1 55-58.
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expected value of the penalty, are ultimately impacted by the proposed reserve market
enhancements.

The consolidation of the Tier 1 and Tier 2 reserve products into a single, unified product
(inclusive of the reforms to the associated offer structure described above) is just and reasonable,
for the following reasons. First, the Commission has approved a single, consolidated product for
synchronized (or spinning) reserve in every other jurisdictional RTO/ISO in the United States,
and there is no compelling reason why PJM, in isolation, should continue to deviate from this
standardized concept that has worked well in other markets. Second, consolidation will provide
more accurate reserve calculations that require less operator intervention. As Mr. Pilong
explains, the structural deficiencies inherent in the Tier 1 product prevent PJM operators from
developing accurate estimates of the amount of Tier 1 reserves that will reliably respond at any
given time, and force PJM operators to compensate through biasing and out-of-market actions.®2
Third, by attaching a penalty to all Synchronized Reserve products, consolidation will improve
Synchronized Reserve performance by holding all applicable resources accountable for actually
providing their assigned reserves. Fourth, consolidation will provide consistent compensation
for all resources providing the same service. As currently structured, PJM has two distinct
products that provide the exact same service, and clear the exact same auction, yet are paid two
different prices. Finally, consolidation will provide more accurate energy and reserve pricing
due to improved Synchronized Reserve measurement. Given this, PJM asks the Commission to
accept as just and reasonable PJM’s proposal to consolidate the Tier 1 and Tier 2 products into

one Synchronized Reserve product.

92 See Pilong Aff. 1 15-20.
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B. PJM’s Proposed Method for Determining the Operating Reserve Demand
Curves Is Just and Reasonable.

1. The proposed $2,000/MWh Reserve Penalty Factor properly reflects the
cost of obtaining reserves when PJM is entering a reserve shortage.

Given the particular circumstances of PJM’s market, the Reserve Penalty Factor should
be increased to $2,000/MWh so that market prices will reflect the cost of reserves PJM needs to
satisfy NERC standards.

The Reserve Penalty Factor is intended to represent the maximum production cost the
market is willing to pay to maintain the MRR and avoid a reserve shortage.”® Because the
Reserve Penalty Factor acts as a cap on the cost the market is deemed willing to incur to satisfy
the MRR, the market will not commit a resource for reserves if the resource’s cost to provide
reserves exceeds the Reserve Penalty Factor. However, the market’s refusal to recognize that
resource, does not prevent PJM from relying on that resource. Indeed, to maintain the minimum
reserves required in accordance with NERC standards, PIJM dispatchers will commit all
generation, even generation costing above the existing $850/MWh Reserve Penalty Factor, and
will deploy pre-emergency and emergency load management reductions, also costing well above
$1,000/MWh. The market price of reserves simply will not reflect the cost of such resources if
the penalty factor is not set at a level at least as high as the cost of these actions, notwithstanding
that they are needed to maintain the reserve requirement.

Specifically, under PJM’s particular market rules, PJM system operators can commit
resources, or buy energy, at costs in excess of the existing $850/MWh penalty factor in the
following circumstances when needed to maintain reserves:

e Generation resources can submit verified cost-based incremental energy offers of
up to $2,000/MWh;

9% See, e.g., Keech Aff. { 16.
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e Emergency and pre-emergency demand response resources can submit offers up
to $1,849/ MWh to reduce demand with 30-minutes lead time;

e Emergency and pre-emergency demand response resources can submit offers up
to $1,425/ MWh to reduce demand with one-hour lead time;

e Emergency and pre-emergency demand response resources can submit offers up
to $1,100/ MWh to reduce demand with two hours lead time;

e In the case of Synchronized Reserves, initiating a voltage reduction; and
e Emergency energy may be purchased from neighboring regions at offers levels
that are uncapped. These transactions are presently capped at $2,700/MWh for

price-setting purposes and PJM proposes to further modify that cap to
$2,000/MWh as part of this filing.

Because PJM’s current rules allow sellers to submit energy market offers that are eligible to set
the LMP at price levels well in excess of $850/MWh, it follows that resources providing reserves
can have opportunity costs at approximately the same level of the energy offers of the resources
committed to maintain reserves. However, the current market rules prohibit the systematic
commitment and pricing of these reserve resources due to the current penalty factor of
$850/MWh.

If such resources nonetheless are committed as reserves, the reserve clearing market
price will not reflect such resources’ offers and lost opportunity costs, even if such a resource’s
offer plus lost opportunity cost would have been the marginal offer needed by PJM to meet its
MRR. Instead, that seller will be paid its cost to provide the service—both its offer and lost
opportunity cost—as out-of-market uplift. The seller’s cost, in other words, will be treated on a
‘pay-as-bid’ basis, rather than as the marginal price-setting offer. This current practice
unreasonably undervalues reserves and sends a weak, muted, signal of the value of flexibility on
the PIJM system.

That treatment is contrary to a long line of Commission precedents approving single

clearing price markets, which “create[] incentives for sellers to minimize their costs, because
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cost reductions increase a seller’s profits.”® As the Commission has explained, “when many
sellers work to minimize their costs, competition keeps prices as low as possible [which] benefits
customers, because over time it results in an industry with more efficient sellers and lower
prices.”® By contrast, “a pay-as-bid auction would likely result in higher, not lower, [wholesale]
prices because parties would be far less likely to bid their marginal costs if they are only paid at
their offer price.”® In the pay-as-bid model, suppliers are incentivized to bid as high as possible
while still receiving a commitment. The single-clearing-price model (including PJM’s long-
standing energy market rules) creates the opposite incentive—a seller is paid nothing unless it
offers at or below the last offer needed to clear the market, and profits to the extent it can offer
below that level.

Reflecting this deeply rooted, longstanding Commission policy, multiple PJIM markets
are single-clearing price markets. Indeed, PJM’s real-time energy market has relied on a single
clearing price approach to set locational, marginal cost-based prices for over twenty years.%’
Evolving market rules in PIJM, including the 2017 rule change allowing cost-based energy offers
of up to $2,000/MWh, make clear that in order to retain the benefits of a uniform clearing price
market for reserves, it is reasonable as part of a remedy of the issues detailed above with PJM’s
present reserve pricing paradigm for the penalty factor to be increased to $2,000/MWh, and
allow reserve resources with costs of up to $2,000/MWh to set prices when they are needed at

the margin to meet PJM’s MRR.

% RPM Settlement Order at P 141 (2006); see also PIM Interconnection, L.L.C., 119 FERC { 61,318 at P 195
(2007); Midwest Indep. Transmission Sys. Operator, Inc., 108 FERC | 61,163, at PP 221-24, reh’g denied in
pertinent part, 109 FERC 1 61,157, at PP 204-06 (2004); Cal. Indep. Sys. Operator Corp., 112 FERC { 61,013, at
PP 34, 36 (2005); New England Power Pool, 100 FERC { 61,287, at P 71 (2002); Cent. Hudson Gas & Elec. Corp.,
86 FERC 1 61,062, at 61,223-24, order on reh’g, 88 FERC 1 61,138 (1999).

% |d.
% Midwest Indep. Transmission Sys. Operator, Inc., 125 FERC 1 61,060, at P 41 (2008).
9 See Hogan & Pope PJM ORDC Report at 7.
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As Mr. Keech explains, “PJM’s primary focus,” as it developed a replacement for the
currently understated penalty factor, was to set it “at the lowest level that is consistent with the
actions that system operators will take to maintain reserves and allow those actions to be
reflected in market clearing prices. This price is $2,000/MWh.”® The Reserve Penalty Factor
therefore will reliably signal a shortage caused by running out of reserves, rather than simply an
economic choice to go short on reserves.

As Mr. Keech explains, the proposed Reserve Penalty Factor is not based on an estimated
value of lost load (“VOLL”).*® While VOLL estimates have often been considered, and
sometimes adopted, in shortage pricing programs, that option is not a compelling choice for the
PJM Region, which has developed and relied upon a capacity market for over 10 years. Mr.
Keech differentiates between the Hogan & Pope model and PJM’s proposed implementation
which, while both center on ensuring the MRR (or security minimum in the Hogan & Pope
model) are maintained, he explains, in PJM’s implementation the MRR:

[1]s not the point at which PIM will begin shedding load; rather it
is the point at which PJM will no longer be able to meet its
minimum requirement of a specific reserve type. Because PJM is
not shedding load at this point, the price on the ORDC for

violating the MRR is not the VOLL, it is the maximum willingness
to pay to maintain that reserve product.®

Dr. Hogan and Dr. Pope recognize “there are logical variations and enhancements corresponding

to differences in how 1SOs define the points at which they will curtail load or take emergency

9101

actions,”*** which impacts formulation of an ORDC. Consistent with Mr. Keech’s explanation,

they continue, “PJM is proposing a Penalty Factor based on the maximum cost at which

% Keech Aff. 1 9.

9 Keech Aff. 1 7.

100 Keech Aff. { 15.

101 Hogan & Pope PJIM ORDC Report at 16.
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resources could be procured based on market offers, rather than on the VOLL, as the anchor for
its ORDCs.”192 Ultimately, Dr. Hogan and Dr. Pope conclude that:
PIJM’s formulation of its ORDCs is consistent with the theory presented
here about how the value of incremental reserves will vary with the
probability of loss of load during actual operation, but is anchored around

PJM-specific assumptions about the actions that will be taken as the level
of reserves declines below the MRR.1%

As is the case today, the Reserve Penalty Factor sets a horizontal segment of the ORDC
at all reserve levels from zero to the MRR, and defines the start of a vertical segment at the
MRR. The vertical segment of the curve reflects that PJIM operators will always endeavor to
assign reserves up to the MRR (in furtherance of NERC standards). Under the existing approved
energy market rules, as shown above, the cost of taking those actions can, under multiple
circumstances, exceed $850/MWh, and range as high as $2,000/MWh under non-emergency
conditions and exceed $2,000/MWh in emergency conditions. As Mr. Keech explains, PJM
proposes establishing the same penalty factor for all reserve requirements, including
Synchronized Reserve, Primary Reserve, and 30-minute Reserve.'® Although some may argue
the lower quality product (30-minute Reserve) should have a lower penalty factor, Mr. Keech
points out the issues disparate penalty factors would have, noting that extreme system conditions
result in PJM potentially not deploying all of the economic resources (possibly capacity
resources) it has available to maintain 30-minute Reserves. This is not only inconsistent with

how PJM operates its system, it would also require an arbitrary determination of a lower penalty

102 |d
103 |1d. at 17.
104 Keech Aff. § 13.
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factor for this product that cannot be justified. For these reasons, PJM is also proposing to
implement a $2,000/MWh Reserve Penalty Factor for 30-minute Reserves.1%

Unlike the current ORDC, as discussed in the following section, the segment begins as a
vertical line, but then slopes down and to the right, assigning a positive but diminishing value to
reserves procured in excess of the MRR. As also discussed below, that sloped portion of the
ORDOC captures the probabilities of forecast error and generator non-performance in real time.

2. The proposed downward-sloping ORDC is reasonably defined by the
uncertainty of meeting the MRR.

As shown above, PJM’s current-approved ORDC values reserves above the minimum
reserve requirement with a step extending 190 MWh beyond the MRR, at a price of
$300/MWh.1% While this step is helpful, and embodies the Commission’s prior acceptance that
such reserves have value, PJM’s current added step is not based on a systematic assessment of
the value of reserves beyond the MRR.

In simplest terms, the value of any given quantity of reserves above the MRR depends on
the likelihood that real-time conditions could negate or exhaust reserves of that quantity,
resulting in a shortage below the MRR. That is the same type of concern PJM dispatchers
attempt to address as they take actions “to ensure that system balance and reserve requirements
are maintained as we progress through the Operating Day.”'%” PJM’s “forward-looking energy
and reserve co-optimization engine . . . . uses [various demand and supply] forecasts to project

the total change in system demand and how to meet that demand change.”'® But “the flaw” in

105 See proposed Operating Agreement, Schedule 1, section 3.2.3.01(d)(iii).
106 See supra note 58, regarding the conditional step extension.

107 pilong Aff. 1 5.

108 1d. 1 8.
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that approach is that the optimization assumes “the forecasts are perfect.”'®® Because PJM
dispatchers know that is not the case, they “bias” the dispatch schedules to account for the “error
in forecasts and generator response that they observe on a daily basis during real-time
operations.”'® As Mr. Pilong explains, “[t]he components of the forecasts that are most critical
to maintaining real-time power balance are load forecasting, interchange forecasting, and
generation performance/availability forecasting.”'!! Mr. Pilong emphasizes that, “in the current
market construct, the bias is an absolute necessity to ensure reliability given the uncertainty in
the forecasts used in the commitment process.”**? To this point, Mr. Pilong provides an analysis
of 2018 data demonstrating the critical role biasing plays in preventing PJM from entering into a
reserve shortage. Specifically, the possibility analysis finds that in 29.1 percent of all five-
minute intervals in 2018, PJM system operators would have been short reserves absent the
positive bias applied in the scheduling engines for that interval.!'®* The average amount of
positive bias applied in such cases (i.e., the amount of increased demand) was 1,471 MWSs.''* He
notes that “[i]f the recommended ORDC curves were incorporated, the need for operators to
manually intervene in SCED cases would decrease, the reserve requirements would be more

reflective of actual operator needs, and prices would be more reflective of operator actions.”*®

10914, § 8.
104, 1 8.
ud. 7 6.
Uz d. 79.
131d. 1 12-16.

14 1d. As Mr. Pilong notes, this would represent a worst-case scenario level of reserves because the original positive
bias would have had to result in additional commitment recommendations from the IT SCED that the operator took
action on. 1d. { 16.

115 pilong Aff. 1 17.
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However, as currently employed in PJM operations, “this bias is not developed formulaically or
in a manner that is 100 percent consistent from dispatcher to dispatcher.”*®

PJM therefore proposes to shift the burden of addressing these system balance and
reserve requirement uncertainties from the dispatchers (as much as practicable and prudent) to
the market, and to describe those uncertainties systematically and formulaically. To accomplish
this, PJIM proposes a curve that is directly based on and determined by the uncertainty that
forecast errors and similar uncertainties will cause the system to fall short of the MRR. Because
the risk of falling below the MRR diminishes to the extent reserve levels exceed the MRR, this
approach of basing the ORDC on quantification of uncertainty also results in a curve that
gradually slopes down and to the right. This change to the ORDCs will reasonably resolve the
price suppression and uplift concerns, described above, that make the current ORDCs unjust and
unreasonable. The proposed ORDCs, by capturing real-time market uncertainties, also would go
a long way toward systematically reducing the need for PJM operators to take actions based on
their notions of real-time market uncertainties.

For comparison back to the model discussed by Dr. Hogan and Dr. Pope,!’ their
proposed loss of load is translated into an event in which the amount of reserves is less than a
minimum reserve requirement. If reserves are anticipated to fall below this MRR, emergency
actions are triggered, which may be a precursor to load curtailment. The relevant metric is,
therefore, the loss of load probability, or, in PJIM parlance, the probability of reserves falling
below the minimum reserve requirement (“PBMRR”). For example, if the MRR is 1,400 MW
and PJM is currently carrying 1,700 MW of reserves, then PJM would have 300 MW of reserves

in excess of the MRR. However, based on forecast uncertainty, there is a non-zero probability

116 1d, 7 9.
117 See Hogan & Pope PJM ORDC Report at 4.
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that the net forecast error exceeds 300 MW between when PJIM commits the 1,700 MW of
reserves and 30 minutes from that time (the time for which those reserves were procured). This
probability, multiplied by the $2,000/MWh penalty factor, determines the maximum incremental
cost that the system is willing to incur to maintain that level of reserves and is also used in the
determination of the clearing price for that product.

Dr. Rocha Garrido describes PJM’s systematic, formulaic, probabilistic quantification of
these uncertainties in detail in his affidavit. Here, the relevant quantification is the probability
that the total error in real-time forecasts (adjusted for any factors that mitigate that uncertainty) is
greater than any given reserve level in excess of the MRR. If total error at a given reserve
quantity above MRR does exceed that reserve quantity, then the MRR cannot be met and the
reserve price on the ORDC associated with that reserve quantity is appropriately triggered to
determine LMPs and reserve market clearing prices.

Quantifying these uncertainties systematically presents several questions:

e What are the main sources of the relevant uncertainty;

e What factors, if any, are known to the operator at the time of the forecast that
reliably and predictably reduce those uncertainties;

e What is the appropriate “look-ahead” period, i.e., the time between the forecast
and the actual occurrence of the conditions addressed by the forecast;

e What span of historic data should be considered to measure the observed error
rate in the relevant forecasts;

e What periods within the year should be assessed to recognize patterns of variation
in forecast error during the year; and

e How should the uncertainty reflected in the overall net error be incorporated into
the ORDC?

Dr. Rocha Garrido addresses each of these questions, taking into consideration use of the

relevant information by system operators as supported by Mr. Pilong, and demonstrates PJM’s
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rigorous approach to embodying in the ORDC these probabilities that the system could fall short
of the MRR in real-time.

a. Probabilities of falling short of MRR are reasonably estimated
from uncertainties concerning demand (load forecast error) and
supply (intermittent generation forecast error and thermal plant
forced outage risk).

The relevant sources of uncertainty are the same as those confronted by PIJM system
operators throughout the day. As Mr. Pilong explains, “[t]he components of the forecasts that
are most critical to maintaining real-time power balance are load forecasting, interchange
forecasting, and generation performance/availability forecasting.”!® As he notes, PIM “has
automated tools that develop these forecasts, as well as PJM staff members that maintain and
calibrate these automated tools to ensure that they are as accurate as possible.”*!® Nonetheless,
“some level of error will always be present in forecasts.”'?° Dr. Rocha Garrido adds to this list
another factor that, while not a forecast, per se, is a key uncertainty confronted by system
operators (i.e., the ever-present risk of unscheduled thermal plant outages).’?! As it happens,
PJM has ample data from the historic operation of its system to quantify these uncertainties, i.e.,
the difference between the forecast or a value (made at the start of a specified look-ahead period)
and the actual value observed at the end of that time period.!??

Observed forecast errors, unsurprisingly, are essentially random. Indeed, if there were a
pattern to a particular error, it would indicate a flaw in the forecast method, which—once

corrected—would leave only random errors once again. Thus, to quantify the uncertainties

118 pilong Aff. 1 6.

119 |d

120 |d

121 Rocha Garrido Aff. | 11.

122 As discussed in section I11.B.2.(c) below, PJM proposes a 30-minute uncertainty measurement period for
Synchronized and Primary Reserves, and a 60-minute uncertainty measurement period for 30-Minute Reserves.
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associated with these errors, PJM proposes to use historical data to derive probabilistic
distributions of the errors. Such probabilistic distributions can then be used to estimate the
probability that, for example, the load forecast error is greater than a given value of reserves
above the MRR. In his affidavit, Dr. Rocha Garrido lists and describes the data sources for each
of these sources of forecast error and uncertainty.}?® As he notes, interchange error is a
consideration for the 30-minute reserve product, but not for either of the 10-minute reserve
products.?

b. The regulation requirement reduces the probability that the system
will fall short of the MRR in real-time.

While the factors noted above increase uncertainty, another factor—PJM’s regulation
requirement—directly reduces that uncertainty. PJM has a stated regulation requirement,
prescribing a minimum MW level of regulation service PJM must obtain during defined ramp or
non-ramp time periods. Operators can reasonably assume, at the beginning of the look-ahead
period, that regulation service will be procured in the prescribed quantity, and will directly
reduce the likelihood of falling short of the MRR at the end of the look-ahead period. PJM
reasonably includes that same factor to mitigate uncertainty in PJM’s probabilistic quantification
for purposes of the ORDC.!?°

Specifically, the regulation requirement is 800 MW during “ramp hours,” i.e., the 8 to 13
(varying by season) typically higher load hours each day, and 525 MW during the “non-ramp

hours,” i.e., the 9 to 12 (varying by season) typically lower load hours each day.!?®

123 Rocha Garrido Aff. § 11.

1241d. 115. As he explains, the 30-min net interchange schedule forecast error is zero. Therefore, net-interchange
schedule uncertainty does not apply to the calculation of the SR and PR ORDCs. Id. { 15.

1254, 1 5.

126 pJM, Manual 12: Balancing  Operations, §4.4.3 (rev. 39, Feb. 21, 2019),
https://www.pjm.com/~/media/documents/manuals/m12.ashx.
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C. Thirty minutes is a reasonable look-ahead period for the 10-minute
reserve requirements; and 60 minutes is a reasonable look-ahead
period for the 30-minute reserve requirements.

The look-ahead time period defines how PJM measures forecast error for purposes of the
ORDC: the forecast at the start of the defined look-ahead period is compared against the actual
observed condition at the end of the look-ahead period. The look-ahead period appropriately
differs between the two 10-minute reserve requirements and the 30-minute Reserve
Requirement.

Specifically, Synchronized Reserve and Primary Reserve are met with resources expected
to respond within the next 10 minutes from the target time. Given that procurement lead time,
PJM reasonably proposes a 30-minute look-ahead uncertainty interval for Synchronized Reserve
and Primary Reserve, to account for the total time elapsed between the reserve assignment and
the reserves’ response time. For the 30-minute Reserve Requirement, PJM reasonably proposes
a 60-minute interval for measuring uncertainty, also to account for the total time elapsed between
the reserve assignment and the reserves’ response time. As Dr. Hogan and Dr. Pope find, “[t]his
approach is a reasonable way to account for the uncertainty in estimating the value of operating
reserves because it appropriately accounts for the multi-period nature of forecast
uncertainties.”*?’

Elaborating on these look-ahead periods, Dr. Rocha Garrido explains that, for
Synchronized Reserve and Primary Reserve, the length of the interval between the solution of

the RT SCED case and the end of the period in which the procured reserves are expected to

respond in case they are deployed is at least 20 minutes.*?® Similarly, as he explains, for

127 Hogan & Pope PJM ORDC Report at 18.
128 Rocha Garrido Aff. 1 13.
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30-minute Reserves, the length of the look-ahead interval is at least 40 minutes.!?® PJM is
proposing to use 30 minutes and 60 minutes, respectively, as the corresponding look-ahead
periods for estimation of the uncertainties. The additional duration of time in the look-ahead
period in each case (10 added minutes for the Synchronized and Primary Reserve Requirement
and 20 added minutes for 30-minute Reserve Requirement) is intended to capture deviations
from when the RT SCED case is run, and also to capture the value of reserves in subsequent
intervals, which is not captured when solving the RT SCED case for a single interval . **°
As Dr. Rocha Garrido explains, these look-ahead timeframes also align with the operator
actions available to address uncertainty within the prescribed timeframe.®* For system
uncertainty arising in the 0-30 minute timeframe, for example, the relevant actions are:
(1) deploying regulation; (ii) attempting to run the RT SCED to adjust the system based on errors
in the forecast; and/or (iii) initiating a Synchronized Reserve event.’*> As Dr. Rocha Garrido
points out, “[a]ll of the actions available within the 0-30 minute timeframe include the use of
10 minute reserves, illustrating it as a reasonable time proxy over which to measure their
value.”'%
d. PJM reasonably proposes to use three calendar years of data to

estimate these uncertainties, and to measure the net error separately
for each of 24 time blocks within the year.

To estimate these uncertainties, PJM proposes to use historical data from the most recent
three full calendar years. Once implemented, the historic data period would, each year, roll

forward one year. As Dr. Rocha Garrido explains, the choice of three years strikes a balance

129 |d

130 |d

1Bld. 114,

132 Rocha Garrido Aff. 1 14.
133 Rocha Garrido Aff. 1 14.
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between reducing the impact that a single year may have on the probabilistic distribution, versus
removing old error data that may not reflect the most up-to-date status of PJM forecasting
models.***

Because uncertainties and forecast errors could vary meaningfully by season and time of
day, PJM proposes to measure uncertainty in each of twenty-four combinations of time-of-day
blocks and season. The choice of twenty-four probabilistic distributions strikes a balance
between (i) quantifying the uncertainty during specific periods that are expected to have larger
uncertainties (such as the morning period in winter) relative to periods that are expected to have
smaller uncertainties (such as the night-time period in the fall) and (ii) avoiding a large number
of ORDCs which may result in market outcomes that change too frequently. Since the
probabilistic distributions are the basis for estimating the value of reserves, i.e., the prices in the
ORDCs, the choice of twenty-four probabilistic distributions results in twenty-four ORDCs.
Specifically, as shown by Dr. Rocha Garrido, PJIM proposes to use combinations of the

following seasons and time of day blocks:

Season Time-of-Day Block (in Hour Beginning)
Summer (June — August) 1 (2300 — 0200)
Fall (September — November) 2 (0300 — 0600)
Winter (December — February) 3 (0700 — 1000)
Spring (March — May) 4 (1100 — 1400)
5 (1500 — 1800)
6 (1900 — 2200)

Combining these parameters for the historic data used to assess uncertainty, PJM

proposes:
e For load, wind, solar and net-interchange schedule forecasts, assessing the 30-
minute and 60-minute errors (i.e., actual value minus the x-minute ahead forecast
value where x is either 30 or 60) for each of six four-hour daily time blocks in
each of four three-month seasons.
1341d. 1 15.
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e For the 30-minute and 60-minute Forced Outages uncertainty, calculating the
amount of megawatts that have experienced partial or full forced outages in 30-
minute and 60-minute intervals, respectively, using data from the PJM Generator
Availability Data System (“eGADS”) system®*® for each of six four-hour daily
time blocks in each of four three-month seasons.

e. Aggregating these uncertainties yields a probability distribution
that defines the shape and slope of the demand curve.

As Dr. Rocha Garrido explains, PJM proposes to use the concept of expected value to
calculate the incremental value of reserves in excess of the MRR.1*® As used here, expected
value refers to the weighted average outcome of a given decision when all possible outcomes are
considered, weighted by the probability of each outcome. In the context of the ORDC, the
decision is procuring reserves in excess of the MRR, where the binary outcomes are: (1) meeting
the MRR; or (2) failing to meet the MRR. Meeting the MRR entails no penalty whereas failing
to meet the MRR triggers the penalty factor.*®’

As explained above, establishing the value of reserves in excess of the MRR depends on
calculating the probability of not meeting the MRR when the given reserve levels in excess of
the MRR are available, taking account of the relevant uncertainties and uncertainty-mitigating
factors. The prior section explained the relevant uncertainties, and how each is measured. This
section explains how the uncertainties are then aggregated, and how they are used to form a
probabilistic distribution, which in turn dictates the shape of the downward sloping part of the
ORDC.

Specifically, for each time-of-day block in the three full calendar years, the forecast error
data from the individual demand and supply uncertainties described above, is combined with the

regulation requirement data to calculate each time-of-day block’s net load forecast error. Dr.

135 All generating facilities in the PIM footprint are required to report outages using the PJIM eGADS system.
136 Rocha Garrido Aff. 1 17.
137 Rocha Garrido Aff. § 17.
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Rocha Garrido presents the relevant formula, but in simple terms, the actual values for load,
interchange (for 30-minute Reserve), solar output, and wind output are netted against the forecast
values.'® Then thermal unit forced outages increase the net load error, while the regulation
requirement reduces the net load error.**®

This net load error is then used to calculate the probability of falling below the MRR, or
PBMRR. For example, assume PBMRR is the probability of failing to meet the MRR when X
reserves in excess of the MRR are available given all the uncertainties and uncertainty-mitigating
factors. As shown by Dr. Rocha Garrido, the expected value of X reserves in excess of the MRR
under these circumstances is appropriately expressed as PBMRR (X) x Reserve Penalty
Factor.24® Thus, for reserve quantities between zero and the MRR, where the PBMRR is 100
percent, the incremental value of additional reserves is the Reserve Penalty Factor. For reserve
quantities in excess of the MRR, the incremental value of additional reserves is PBMRR (X) x
Reserve Penalty Factor.'4

Because PJM uses empirical data (i.e., three years of historic data) to calculate
uncertainty, PJM uses the actual distribution of that net load error data to construct the curves.
Each of the twenty-four sets of net load error values from the most recent three full calendar
years is used as the net load error empirical probabilistic distribution. Given these empirical

distributions, there is no need to rely on a simplifying assumption of a “normal” distribution.#?

138 |, 9 15.

139 |d

140 Rocha Garrido Aff. | 17.
141 |d

142 A normal distribution assumes a symmetric bell-curve distribution, centered on the mean value of the data, and
with the span of the bell curve based on the standard deviation of the data.
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The calculation of the PBMRR associated with X megawatts of reserves in excess of the
MRR using the empirical net load error distributions is performed by counting the number of
observations in the empirical distribution that are greater than X, divided by the total number of
observations in the empirical distribution. The multiplication of this PBMRR times the
applicable Reserve Penalty Factor provides the price associated with X megawatts of reserves in
excess of the MRR in the applicable ORDC.

Repeating this calculation for multiple levels of reserves in excess of the MRR results in
the downward-sloping segment of the proposed ORDCs. That slope does not begin, however, at
the level of the Reserve Penalty Factor. Rather, as seen in Figure 8 below, there is an initial
vertical line that drops down from the intersection of the MRR and the Reserve Penalty Factor.
The curve sloping down and to the right begins at a point well down that vertical segment. This
reflects two factors: (i) the formula of PBMRR (X) x Reserve Penalty Factor would produce
outputs below the Reserve Penalty Factor at points before the MRR is met; but (ii) all reserve
shortages (i.e., all reserve levels below the MRR) need to be priced at the Reserve Penalty Factor
to reflect the critical importance of curing reserve shortages.!** Consequently, the first MW of
added reserves above the MRR will be priced well below the Reserve Penalty Factor. From that
point, as reserve quantities increase beyond the MRR, the price gradually decreases, signaling
that the system has better capability to deal with the real-time uncertainties that may trigger an
MRR shortage. Eventually, the prices in the ORDC drop to zero, signaling that procuring
additional reserves provides no incremental value, because the probability of experiencing real-

time uncertainties of the same magnitude as the amount of additional reserves is zero.

143 Rocha Garrido Aff. ] 19.
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Figure 8. Proposed ORDC Shape
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With respect to the width of the curve, PJIM’s proposed ORDC is data-driven with the
downward-sloping segment based on observed recent historical uncertainty. As such, the
resulting width of the ORDC is a reflection of several PIM-specific observations. First, PIM is a
large system. By extension, even a small load forecast percent error (e.g., one percent) is a
sizable amount relative to the MRR associated with each reserve requirement. The same
observation can be made regarding forced outages of thermal units. Second, renewable (wind
and solar) penetration is low relative to the total generation in the PJM system, but impactful for
reserve procurement. Wind and solar resources still represent a small share of the PIJM resource
fleet. However, the magnitude of the uncertainty associated with forecasting the current absolute
penetration levels of wind and solar resources is large relative to the MRR associated with each
reserve requirement. Expected increased penetration levels are likely to increase the magnitude

of the forecasting uncertainties. However, as Dr. Rocha Garrido notes, if PJM forecasting
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models were to become more accurate in the future, such accuracy improvements would be

reflected in the ORDCs by reducing the width of the downward-sloping segment.144

3. Each of the three reserve requirements, i.e., Synchronized Reserve,
Primary Reserve, and 30-minute Reserve reasonably has its own demand
curve.

PJM proposes separate ORDCs for each of the three reserve requirements, i.e.,
Synchronized Reserves, Primary Reserves, and 30-minute Reserves. The system needs all three
requirements, each contributes to PJM satisfying a distinct minimum reserve requirement, each
warrants its own Reserve Penalty Factor, and each has value at levels beyond the applicable
MRR. Therefore, each is reasonably procured through an ORDC that relates a Reserve Penalty
Factor to an MRR, and that slopes down and to the right for reserves beyond the MRR, to help
PJM manage the uncertainty of satisfying the MRR in real-time.

4. Zonal demand curves properly reveal the cost of locational reserve
shortages.

The PJM Region, as a whole, has minimum reserve requirements, as dictated by NERC
standards. But subsets of the PJM Region also can have reserve requirements, if there are limits
on the sub-region’s ability to import reserves from the rest of the PJM Region. Therefore, in
addition to calculating and using PJM Region ORDCs, PJM also will calculate and use zonal
ORDCs.

Notably, zonal ORDCs are not new with this filing. PJM determines and uses zonal
ORDCs today. Because zonal ORDCs are developed in essentially the same way as PJM Region
ORDCs, except with zonal (rather than PJM Region) data, the current Tariff describes no

separate process or rules for these zonal ORDCs. PJM proposes no change to that existing Tariff

144 Rocha Garrido Aff. 1 20. Note that Dr. Rocha Garrido sponsors two tables in his Affidavit that show the 30-
minute and 60-minute mean and standard deviation of the observed forecasts’ errors and forced outages of thermal
units for the summer peak period (summer afternoon) and a winter peak period (winter morning) in 2015-2017.
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convention. However, for completeness and transparency, Dr. Rocha Garrido describes PIM’s
zonal ORDC calculation process in his affidavit at paragraph 25.

5. PJM proposes Tariff revisions to codify the proposed ORDCs.

Modeled on the Tariff description of the Variable Resource Requirement curve used to
clear Base Residual Auctions in PJM’s capacity market, proposed Operating Agreement,
Schedule 1, section 3.2.3A.02 codifies the ORDCs described above. Subsection (a) provides that
PJM shall “shall establish Operating Reserve Demand Curves for clearing 30-minute Reserve,
Primary Reserve, and Synchronized Reserve” for clearing the reserve markets.’** Subsection (b)
describes the ORDCs themselves, with the curve plotted such that the y-axis represents price and
the x-axis represents megawatts.'*® Each curve: (1) starts at the intersection with the y-axis at
$2,000/MWh;**" (2) moves in a straight line right until it hits the applicable minimum reserve
requirement;**® (3) then drops in a straight down along the minimum reserve requirement until
the price (y-axis) equals “the Reserve Penalty Factor of the applicable minimum reserve
requirement by the probability of falling below the applicable minimum reserve requirement
when procuring an infinitesimal amount of additional MW of reserves beyond the minimum
reserve requirement;”**° and (4) from this point until the x-axis the curve is a function of the
Reserve Penalty factor times the “probability of falling below the applicable minimum reserve

requirement when procuring each additional MW of reserves beyond the minimum reserve

145 proposed Operating Agreement, Schedule 1, section 3.2.3A.02(a).

146 proposed Operating Agreement, Schedule 1, section 3.2.3A.02(b)(i).

147 proposed Operating Agreement, Schedule 1, section 3.2.3A.02(b)(ii)(A).
148 proposed Operating Agreement, Schedule 1, section 3.2.3A.02(b)(ii)(B).
149 proposed Operating Agreement, Schedule 1, section 3.2.3A.02(b)(ii)(C).
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requirement until the resulting product falls below $0.01/MWh at which point the curve will
intersect with the x-axis.”*® PJM also proposes to post each ORDC. 1!
6. PJM proposes to regularly develop multiple operating reserve demand

curves, reflecting that the value of reserves can vary by product, time
block, and location.

As explained above, the uncertainties defining the ORDC are quantified from three full
calendar years of data. Upon implementation of this proposal, PJIM will annually update the
determination of these quantifications to account for the most recent calendar year’s data. PJM
will post the revised ORDCs each year by April 1, which allows time for reporting and collection
of the data (such as forced outage history) that enters into these calculations.®2

7. By design, changes in reserve and energy revenues resulting from this

proposal will impact future capacity market prices via the energy and
ancillary services revenue offset.

The PIJM markets are designed to work in tandem to ensure that competitive resources
have the opportunity to earn revenues sufficient to cover at least their total costs through the
combination of revenue streams available given the various products.'®® Competitive resources,
the most economical set to provide each product, can earn revenues through the energy and
ancillary service markets in day-ahead and real-time, and also through the Reliability Pricing
Model capacity market on a forward basis. The interaction between these markets is
accomplished through the existing Tariff provisions that provide for an offset to potential
capacity revenues given anticipated, potential revenues in the energy and ancillary service
(“EAS”) markets called the “EAS revenue offset.” Under the existing Tariff, PJM estimates the

revenues a representative gas turbine plant would earn in the PJM energy and ancillary services

150 proposed Operating Agreement, Schedule 1, section 3.2.3A.02(b)(ii)(D).
151 Proposed Operating Agreement, Schedule 1, section 3.2.3A.02(b)(ii).

152 proposed Operating Agreement, Schedule 1, section 3.2.3A.02(c).

153 See Hogan & Pope PJM ORDC Report at 8-9.
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markets given the actual market results from immediately prior years.™® Those estimated EAS
revenues calculated from actual market prices offset the gas plant’s estimated Cost of New Entry
(“CONE”), producing the Net CONE used to set the demand curve (i.e., the Variable Resource
Requirement Curve) that is used to clear capacity auctions. A higher EAS Revenue Offset will
reduce Net CONE.

Whether (and to what extent) a lower Net CONE in turn reduces capacity auction
clearing prices could depend on a variety of factors. The EAS Revenue Offset was designed
with a historical estimating approach so that energy and capacity markets work together over the
long term, and was not designed to predict with certainty any particular year’s energy market
revenues. In other words, given that Capacity Resources are typically long-term assets, the EAS
Revenue Offset calculated and used in the capacity auction for any given Delivery Year is not
intended to necessarily match the actual revenues received by a given resource in the energy and
ancillary service markets in that specific Delivery Year. Rather, the historic approach is utilized
so that the actual revenues received by resources participating in the energy and ancillary service
markets are used to offset capacity revenues in future years, such that over the long term, the
combination of the revenues from all markets are recognized without actually matching them
year-for-year. This approach was consciously chosen with the knowledge that any predictions of
actual future year EAS revenues will be inherently wrong and therefore using actual historic
revenues received was a better solution even given the timing mismatch between the years when
the actual EAS revenues are received and the future capacity revenues are realized. Therefore,
under the Tariff, the EAS Revenue Offset is estimated using three years of historic data on

energy market prices and fuel costs. Any changes to energy prices from this reserves market

154 Tariff, Attachment DD, section 5.10.
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pricing proposal would be reflected in the historic data as those changes actually occur in the
energy and ancillary service markets. This is precisely the manner in which the EAS Revenue
Offset is designed to work, such that actual market results are used to determine the value of the
offset used in any given RPM Auction. Therefore, PJM is not proposing any changes to the rules
in this regard.

8. PJM’s proposed reforms will incentivize the development of flexible
resources.

The comprehensive reforms set forth in this proposal will incentivize the development of
flexible resources, which will be essential to PJIM in the coming years given the projected
increase in variable resources in the PJIM Region. As described in the Keech Affidavit,’> in
PJM, wind generation alone is projected to grow by approximately 360 percent over the next 10
years.

Figure 9. Projected Growth of Wind Resources in PJM
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155 See Keech Aff. | 48.
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This is consistent with Dr. Hogan and Dr. Pope who note that, “[a]s intermittent energy
production increases, it will increase the frequency with which PJM will need to direct resources
to ramp up or down to balance the system’s net load and maintain required levels of reserves.”*>®

PJM’s proposal will encourage the development of flexible resources in three primary
ways. First, PIM’s proposal to consolidate the Tier 1 and Tier 2 reserve products into one
uniform Synchronized Reserve product will resolve key structural impediments to further
investment in flexible resources that exist today solely by virtue of the current bifurcated
structure.  Specifically, PJIM currently looks to Tier 1 MWs first when lining up reserves
(because they are considered “free”) and then fills any remaining MWs needed to meet the
Synchronized Reserve Requirement with Tier 2. In many instances, there are enough estimated
“free” Tier 1 MWs on the system (many of them currently-operating inflexible resources) to
negate the need to procure any Tier 2 MWs.2®" This discrepancy in price and usage between the
two products has the effect of limiting the opportunities for more flexible resources that today
would fall into the Tier 2 category from being utilized. Under PJM’s proposal, the unified
Synchronized Reserve product would eliminate this discrepancy by valuing all Synchronized
Reserves (including what is today considered “free” Tier 1) and their use equally, thereby
enhancing the price signal for developers to invest in resources that are flexible to compete in the
new combined reserve market.

Second, while the capacity market procures capacity on a forward basis for a target

Delivery Year, the capacity market itself does not ensure that flexible resources will be procured,

as it is, by design, resource agnostic. Thus, the energy and ancillary service markets should

1% Hogan & Pope PJIM ORDC Report at 7.

157 See 2018 State of the Market Report at 455-56 (finding that “[i]n the RTO Zone, an average of 1,728.7 MW of
tier 1 was available (Table 10-7) fully satisfying the synchronized reserve requirement in 50.3 percent of intervals”).
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include pricing signals to incentivize flexibility. Since energy and ancillary service (reserve)
revenues are deducted directly from the determination of CONE which impacts the clearing price
in the capacity market, one of the aggregate effects, although not an explicit goal, of PIM’s
proposal will be to move certain revenues out of the capacity market and into reserve market
prices. This effect of more revenues being collected in reserve markets, coupled with the
enhanced opportunities for flexible resources to provide Synchronized Reserve, as described
above, will send a more refined “flexibility” price signal to developers, representative of the
increased value of flexible units that are able to respond quickly as reserves.

Third, with the addition of the sloped ORDCs that value reserves beyond the MRR at a
non-zero value, units will be incentivized to invest in flexibility to qualify to provide both 10-
minute and 30-minute reserves. Only resources that can ramp up within 10 or 30 minutes would
be eligible for the additional reserve revenue available for providing the corresponding reserve
products on the system.

C. Day-ahead and Real-time Markets Should Offer the Same Reserve Products.

As explained in section II.C. above, PJM’s forward procurement of its reserve products is
inadequate. PJM’s believes that the most appropriate solution to this problem is to align the day-
ahead and real-time reserve markets—i.e., procure the same reserve products to meet the same
reserve requirements both day-ahead and in real-time. This simple solution solves many
different problems with the current market design for reserves. Aligning the day-ahead and real-
time reserve markets in PJM will:

1. Ensure that PJIM has a forward procurement process for all reserve products
needed in real-time, which puts PJM on par with other ISOs/RTOs;

2. Ensure that PJM is truly minimizing the procurement costs of all its reserves by

considering all product-specific requirements during the commitment of units for
the next Operating Day;
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3. Eliminate potential modeling discrepancies that can arise between the day-ahead
and real-time energy and reserve markets simply because the reserve markets
differ. This can create price dislocations created solely by the inconsistent
modeling of reserve needs between markets that can create revenue streams for
virtual trading but cannot be converged by them; and

4. Establish the incentives to perform in real-time when a forward reserve
commitment is accepted. Resources scheduled reserves in the day-ahead market
will be required to “buy out” of their position in real-time in an identical manner
to what is done for energy today.

The resulting design is depicted in Figure 10 below.

Figure 10. PJM’s Proposed Reserve Services and Products
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As explained above, the misalignment of the reserve markets creates modeling
discrepancies and inefficiencies in operations and market outcomes because (1) the resource
commitment from the day-ahead reserve market does not align with real-time needs; (2) it
creates divergence in prices and congestion; and (3) creates opportunities to profit using virtual
trading without the ability to converge the markets. The aforementioned issues exist today

because of the misaligned markets and need to be addressed. While good market design alone
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calls for aligning the markets, implementing PJM’s proposed ORDCs will exacerbate the
existing discrepancies, if not resolved, as PJIM would procure more reserves through the market
than it does under the current vertical, step-down ORDC.

Accordingly, now is the time to align the reserve markets. To do so, PJM proposes to
amend its market rules to procure, in both the day-ahead and real-time markets, one 30-minute
reserve product (Secondary Reserve) and two 10-minute reserve products (Synchronized and
Non-Synchronized Reserve). Specifically, PIM proposes to add the 10-minute reserve markets
to the day-ahead market, and the 30-minute reserve market to the real-time market. All reserve
products will be procured using ORDCs based on the principles discussed above and using
PJM’s joint co-optimization algorithm to achieve the least-cost solution. To minimize modeling
differences between the day-ahead and real-time markets, for each reserve product, PJIM will use
the same ORDC:s (that is, they will be modeled upon the same uncertainties and uncertainty time
horizons) in both markets. There may be small deviations in the minimum reserve requirements
from day-ahead to real-time due to the fact that size of the largest system contingency (the driver
behind the minimum reserve requirement) will potentially be different between day-ahead and
real-time and possibly change throughout the operating day in real-time. Notwithstanding that
minor difference, the curves will be calculated identically.

Adding the 10-minute reserve products to the day-ahead market will foster more efficient
price formation in the day-ahead markets because it will consistently and transparently reflect the
real-time need for reserves during the day-ahead commitment and pricing processes. This will
move day-ahead prices closer to what can be expected under real-time operations (all other
things equal) because the markets are aligned whereas today they are not. Additionally, adding

the 10-minute reserve product to the day-ahead market will provide for a more optimal
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commitment for 10-minute reserves because it will be assigned as part of a least-cost co-
optimization that clears all energy and reserve needs simultaneously using a full unit
commitment of all available resources. In addition to the market benefits, this more
comprehensive and optimal commitment process will help ensure that real-time reserves in PJM
are consistently adequate even to a greater extent than what is already done today.

Further, adding a 30-minute reserve product to the real-time market will ensure that PJIM
system operators can rely on the flexibility inherent in a 30-minute product to systematically
(1) respond to various forecast errors (e.g., load, wind, solar, and net interchange), (2) backfill
the 10-minute reserve requirement in the event such reserves are called upon, and (3) recover
from larger losses of resources that could result from a contingency on the interstate natural gas
pipeline system.’®® While Day-ahead Scheduling Reserves provide these benefits today, that
there is no requirement to these reserves in real-time makes such benefits somewhat illusory.
Thus, as discussed in more detail below, PJIM proposes to require all resources that have
accepted a commitment of 30-minute reserves in the day-ahead market to balance out of that
position in real-time. This two-settlement process is virtually identical to what is performed in
the energy market and is also being proposed for 10-minute reserves. The financial obligation
resulting from the day-ahead market assignment and the requirement to buy out of that position
in real-time if a resource comes up short on its position will ensure that these benefits will be
more tangible.

Complementing the alignment of the day-ahead and real-time markets, PJM is proposing
to strengthen the rules for procuring reserves, as described in more detail below. These market

rules will address concerns about withholding reserve capability, ensuring sellers are properly

158 See Pilong Aff. {1 28-29.
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compensated for reserves they actually provide in real-time, requiring sellers to pay for any
reserves they fail to provide, and making sellers whole when following PJM’s dispatch
instructions would not otherwise be in the seller’s financial interest.

While aligning the real-time and day-ahead markets to procure all three reserve products
in both markets conceptually is a big step forward in market design, the existing market rules for
Synchronized Reserve and Non-Synchronized Reserve provide a very good model for integrating
Secondary Reserve into the real-time market, and minimal changes are required to procure
Synchronized Reserve and Non-Synchronized Reserve on a day-ahead basis. By contrast, the
tariff revisions required to strengthen the market rules so as to achieve the over-arching objective
of this filing—ensuring reserves are properly valued in the market for the benefits they
provide—are very detailed, as discussed below. The proposed changes strengthen PJM’s market
rules to ensure achieving the objective of properly valuing reserves in the markets for the
benefits they provide. All references to sections in the text are intended to refer to sections of the
Operating Agreement, Schedule 1 and the identical provisions of the Tariff, Attachment K-
Appendix.

1. PJM modeled the market rule changes to implement Secondary Reserves

in both the day-ahead and real-time reserve markets on the rules for
Synchronized and Non-Synchronized Reserves.

To add the 30-minute Reserve Requirement to the real-time market, PJM first proposes to
rename the current Day-ahead Scheduling Reserve product as Secondary Reserve, and updating
all tariff references to reflect this name change.’®® Because Secondary Reserve will now have a
performance obligation and will be procured in the same general manner as Synchronized

Reserve and Non-Synchronized Reserve, PJM is adding new market rules describing Secondary

159 See e.g., proposed Operating Agreement, Schedule 1, sections 1.5A, 1.7, 1.10, 1.11, 2.5, 3.2.
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Reserve and providing for the clearing of Secondary Reserve based on those for Synchronized
Reserve and Non-Synchronized Reserve.

Specifically, PJM is adding a new section within section 1.7 “General,” alongside the
provisions describing generally Synchronized Reserve and Non-Synchronized Reserve. New
section 1.7.19A.02 describes, in subsection (a), the types of resources eligible to provide
Secondary Reserve; subsection (b) requires PJM to obtain and maintain sufficient Secondary
Reserves (plus Synchronized and Non-Synchronized Reserves) to meet the 30-minute reserve
objectives for each applicable Reserve Zone and Reserve Sub-zone; and subsection (c) provides
that a resource’s Secondary Reserve capability is its ability to increase energy or reduce demand
within 30 minutes, minus its ability to increase energy or reduce demand within 10 minutes.
That is, Secondary Reserve is the remainder of the capability a resource can provide within 30
minutes, after accounting for its capability to provide Synchronized Reserve or Non-
Synchronized Reserve. This new section generally mirrors sections 1.7.19A(a)-(c) and
1.7.19A.01(a)-(c) which set forth the same requirements applicable to Synchronized Reserve and
Non-Synchronized Reserve, respectively.

PJM also is adding rules to schedule and dispatch Secondary Reserve in new section
1.11.4C. Again, PJM proposes to use the existing provisions for Synchronized Reserve in
section 1.11.4A as a model. Thus, just like for Synchronized Reserve, the new section for
clearing Secondary Reserve provides that Market Buyers with a Secondary Reserve Obligation
(i.e., load-serving entities) can satisfy this obligation by contract or through purchases in the

market.!®® This rule is nearly identical to the rules for Synchronized and Non-Synchronized

160 Proposed Operating Agreement, Schedule 1 section 1.11.4C(a). Proposed Operating Agreement, Schedule 1,
section 1.11.4C(c) provides the basic rule that PJIM will dispatch resources for Secondary Reserve and sellers of
dispatched resources will comply with such instructions.
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Reserve.’®! The actual methodology for clearing these reserve products is discussed in section
111.C.8 below.

Similarly, PJM is proposing to overhaul the rules for Day-ahead Scheduling Reserve
governing offers (in section 1.10.1A(j)), charges and credits (in section 3.2.3A.01), and market
clearing prices (also in section 3.2.3A.01) to align such rules with the provisions for
Synchronized Reserve. All of these revisions are substantively discussed below.

However, the provisions for Secondary Reserve distinctly diverge from those for
Synchronized Reserve in two substantive respects. First, offline resources can provide
Secondary Reserve, while resources must be online (i.e., synchronized to the grid) to provide
Synchronized Reserve. Second, PJM is proposing that the non-performance penalty for
Secondary Reserve apply only when PJM dispatches an offline generation resource for energy
and it fails to come online within 30 minutes or reduces a demand response resource for energy
and it fails to reduce load.’®? In other words, the non-performance assessment will apply if a
generation resource has a Secondary Reserve commitment during an Operating Day, and PJM
calls upon that resource to provide energy at a later point in the day but the resource fails to
provide energy at least equal to its Economic Minimum megawatt level. If this occurs, then PIM
will set such resource’s real-time Secondary Reserve assignment to zero for the period on that
Operating Day starting with the later of (1) the beginning of the Operating Day, or (2) the last
time the resource came offline, and ending with the time in which the resource failed to
perform.1 By setting the real-time assignment to zero the resource will not be paid for any real-

time Secondary Reserve during these intervals, and will be required to “buy out” (i.e., replace)

161 See proposed Operating Agreement, Schedule 1, sections 1.11.4A(c), 1.11.4B(c).
162 See proposed Operating Agreement, Schedule 1, section 3.2.3A.01(h).
163 proposed Operating Agreement, Schedule 1, section 3.2.3A.01(h)(i).
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any day-ahead Secondary Reserve commitments during these intervals at the applicable Real-
time Secondary Reserve Market Clearing Price.

The same general rule applies to demand response resources providing Secondary
Reserve, except, because such resources generally lack real-time telemetry, PIM will not know
whether the resource actually reduced load until the next Operating Day and could continue to
assign the resource to provide reserves when it is not physically able to provide them.'®* To
account for this difference, PJM will set the resource’s real-time Secondary Reserve assignment
to zero for the period starting at the later of (1) the last time the resource successfully reduced
load or (2) the beginning of the Operating Day and ending at the earlier of (i) the next time the
resource actually reduces load in accordance with dispatch or (ii) the end of the Operating
Day.1%® The resource will not be paid for any real-time Secondary Reserve during this period,
and will need to buy replacement megawatts for any day-ahead Secondary Reserve commitment
the resource had during this period.

2. PJM is proposing a tariff mechanism to procure Synchronized Reserve
and Non-Synchronized Reserve in the day-ahead reserve markets.

To procure Synchronized Reserve and Non-Synchronized Reserve on a day-ahead basis,
PJM is proposing to revise the “Dispatch” provisions pertaining to Synchronized Reserve and
Non-Synchronized Reserve in sections 1.11.4A and 1.11.4B, respectively. In subsection (b) of
both sections, PJIM is proposing to add language similar to that in new section 1.11.4C(b)

requiring PJM to clear both the Day-ahead and Real-time Synchronized and Primary Reserve

164 PJM is retaining the existing Day-ahead Scheduling Reserve rules for measuring and verifying performance by
demand response resource, but is moving them from section 3.2.3A.01(c)(iii) and consolidating them with the
Secondary Reserve penalty provisions in section 3.2.3A.01(h)(ii). PJM is also retaining the measurement and
verification provisions for Batch Load Economic Load Response Participant Resources, but proposes to also move
these provisions Secondary Reserve penalty provisions in section 3.2.3A.01(h)(iii) from current section
3.2.3A.01(d)(iv).

185 proposed Operating Agreement, Schedule 1, section 3.2.3A.01(h)(ii).
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Markets using the new ORDCs, based on the submitted offers.!%® Like Secondary Reserve, PJM
IS proposing to cap the amount of demand response resources that can be procured to meet the
Synchronized Reserve Requirement at 50 percent of the Minimum Synchronized Reserve
Requirement. ¢’

While these are the operative revisions to require PJM to obtain Synchronized Reserve
and Non-Synchronized Reserve day-ahead, additional tariff revisions are necessary to fully align
the two markets, compensate cleared resources, and generally treat reserves more like energy.
These revisions are discussed in detail below.

3. PJM proposes to clarify and make explicit the reserve must-offer
requirements for all Capacity Resources.

Currently, all online generation resources with Synchronized Reserve capability “are
deemed to be available” to provide Tier 1 Synchronized Reserve, and this requirement extends
“to the capacity resource’s capability to provide these services.”'®® In this filing, PJM proposes
to make this “must-offer” requirement for Capacity Resources and online generation resources
more explicit and extend it to cover Secondary Reserve and not only Synchronized and Non-
Synchronized Reserves. Moreover, applying such must-offer requirements to reserves in
addition to energy furthers the development of efficient markets, as reserves and energy should
be substitutable with the resource indifferent as to which it provides.

Thus, to ensure proper price formation in the reserve markets and prevent withholding of

reserve capability, during the stakeholder process, PJM, in conjunction with the IMM, developed

166 pJM is also proposing to clarify the process for clearing the reserve markets, as discussed in section I11.C.8
below.

167 Proposed Operating Agreement, Schedule 1, section 1.11.4A(b). Because demand response resources are
incapable of providing Non-Synchronized Reserves, PIJM is not proposing a similar cap on the quantity of demand
response resources that can be procured to meet the Primary Reserve Requirement.

168 Operating Agreement, Schedule 1, section 1.7.19A(a).
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a more explicit reserve must-offer requirement.®® Specifically, PJM proposes to clarify that all
Generation Capacity Resources'’® must offer all available reserve capability at all times,
regardless of whether the resource is online or offline.!” This requirement is based on the
energy must-offer requirement for Generation Capacity Resources in section 1.10.1A(d).

While non-capacity generation resources do not have a strict must-offer requirement like
Capacity Resources, the current market rules deem such resources that are capable of providing
reserves as having offered all their available reserve capability for each interval they offer to
supply energy,'’? and PJM proposes to continue such practice but with clarifications.1” Indeed,
PJM proposes to continue its practice allowing resources that can reliably provide reserves, but
which PJM is unable to assess their reserve capability, like hydroelectric and storage resources
(as PJM does not know their water or battery levels), to submit reserve offers with a stated
megawatt level in order to participate in the Synchronized Reserve market and to comply with
the must offer requirement.*’*

However, not all generation resources are capable of reliably providing reserves, and
these resource types are exempt from the must-offer requirement. Stated another way, resources

that cannot be depended on to provide a specified quantity of energy within 10 minutes or 30

169 See PIM Interconnection, L.L.C., Proposal for Must Offer Requirements (Oct. 12, 2018), https://www.pjm.com/-
/media/committees-groups/task-forces/epfstf/20181012/20181012-item-07a-sr-must-offer-requirements.ashx.

170 Generation Capacity Resources include Capacity Storage Resources.

171 See proposed Operating Agreement, Schedule 1, sections 1.10.1A(j)(i)(1) (Generation Capacity Resource must-
offer requirement to supply Synchronized and Non-Synchronized Reserves) and 1.10.1A(m)(i)(1) (Generation
Capacity Resource must-offer requirement to supply Secondary Reserve).

172 See Operating Agreement, Schedule 1, sections 1.7.19A(a), 1.7.19A.01(a).

173 See proposed Operating Agreement, Schedule 1, sections 1.10.1A(j)(i)(2) (market rule deeming online non-
capacity resources as offering to supply their Synchronized Reserve and Non-Synchronized Reserve capability),
1.10.1A(m)(i)(2) (market rule deeming available non-capacity resources as offering to supply their Secondary
Reserve capability).

174 See proposed Operating Agreement, Schedule 1, sections 1.10.1A(j)(i)(2) (for the ability to submit offer MWs),
1.10.1A(j)(i)(1) (for the must-offer portion); see also proposed Operating Agreement, Schedule 1,
sections 1.10.2A(m)(i)(1), 1.10.2A(m)(i)(1), 1.10.1A(m)(i)(2) (pertaining to Secondary Reserve).
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minutes on a consistent basis will not be required to offer reserves. Accordingly, the must-offer
requirement applies only to resources “capable of providing” Synchronized, Non-Synchronized,
and Secondary Reserves.!” For this reason, PIJM is proposing not to automatically consider
certain generation resource types (nuclear, wind, and solar) as available to provide reserves when
they submit offers for energy, unless they notify PJM that the specific resource can reliably
provide reserves.!’®
This is consistent with PJM’s current and well-established practice. PJM has long
excluded from its Tier 1 Synchronized Reserve determinations those resource types that “cannot
reliably provide Synchronized Reserve,” including nuclear, wind, solar, energy storage
resources, and hydro units.'’” However, PIM currently allows sellers of these resource types
provide Tier 1 Synchronized Reserve if the seller notifies PJM that the specific resource is able
to reliably provide the reserve so they may be included in the reserve estimates by exception.*’®
4. PJM proposes to reduce reliance on reserve offer prices and rely

primarily on the cost of committing the resource for reserves instead of
energy.

Under the current tariff, the offer price to supply reserves generally is not the
determinative factor in determining whether a specific resource clears a reserve market; rather,

the resource’s specific opportunity cost of providing reserves instead of energy (i.e., the

175 See proposed Operating Agreement, Schedule 1, sections 1.10.1A(j)(i)(1) (Generation Capacity Resource must-
offer requirement to supply Synchronized and Non-Synchronized Reserves) and 1.10.1A(m)(i)(1) (Generation
Capacity Resource must-offer requirement to supply Secondary Reserve).

176 See proposed Operating Agreement, Schedule 1, sections 1.10.1A()(i)(2), 1.10.1A(m)(i)(2).

177 PJM, Manual 11: Energy & Ancillary Services Market Operations, §4.2.1 (rev. 104, Feb. 7, 2019),
https://www.pjm.com/~/media/documents/manuals/m11.ashx.

178 Id
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difference between the resource’s energy offer and the applicable LMP) dictates whether it is
assigned a reserve commitment.’

Indeed, while the current market rules do not apply a dollar cap on offers to provide Day-
ahead Scheduling Reserve (now replaced by Secondary Reserve), opportunity cost is one of two
factors in scheduling Day-ahead Scheduling Reserve.!®® Further, the tariff requires that “[a]ll
Non-Synchronized Reserve offers shall be for $0.00/MWh;”8! thus, prohibiting any offer price.
For Synchronized Reserve, however, sellers are permitted to submit offers up to a level equal to
the resource’s “variable operating and maintenance costs for providing Synchronized Reserve
plus seven dollars and fifty cents.”!8?

In this filing, PJIM proposes to reduce reliance on reserve offer prices further and more
explicitly rely on product substitution and opportunity costs for committing and pricing
resources, respectively. For Secondary Reserve, PJIM proposes to remove the ability to submit a
stated offer price, and instead such offers for the supply of Secondary Reserve will be at
$0.00/MWh.18  For Non-Synchronized Reserve, PJIM proposes to maintain offer prices at
$0.00/MWh, but move this rule from section 1.7.19A.01, which generally describes the Non-

Synchronized Reserve product and eligibility to provide it, to new section 1.10.1A(j)(i), which

details offers to provide 10-minute reserves by generation resources. 84

179 See Operating Agreement, Schedule 1, sections 1.11.4A(b), 1.11.4B(b), 1.10.1A(m).

180 See Operating Agreement, Schedule 1, section 1.10.1A(m) (“Market Sellers providing Day-ahead Scheduling
Reserves Resources shall submit in the Day-ahead Scheduling Reserves Market: 1) a price offer in dollars per
megawatt hour; and 2) such other information specified by the Office of the Interconnection as may be necessary to
determine any relevant opportunity costs for the resource(s).”).

181 Operating Agreement, Schedule 1, section 1.7.19A.01(e).

182 Operating Agreement, Schedule 1, section 1.10.1A(j).

183 See proposed Operating Agreement, Schedule 1, section 1.10.1A(m)(i)(3).
184 See proposed Operating Agreement, Schedule 1, section 1.10.1A(j)(i)(4).
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However, PJM proposes to eliminate consideration of opportunity costs in pricing and
compensating offline resources and synchronous condensing resources.8> As part of the process
leading to this proposal, PJIM scrutinized every aspect of the reserve markets, and one thing PJM
found was that the LMP available while a resource is offline is not a reasonable proxy for the
energy market revenues (above cost) the resource could have earned—and thus not a reasonable
representation of their opportunity cost. It is often the case that the resource is offline and
available for reserves, rather than online providing energy, because it is not economic to provide
energy once the resource’s fixed costs (e.g., startup and no load costs) and the impact to
production cost and prices resulting from the commitment of that resource were considered.8®
Simply put, in this instance an offline resource does not have an opportunity cost, because the
resource would not have been dispatched in economic merit in order to provide energy regardless
of whether or not it was needed for reserves. Moreover, in real-time, offline resources cannot
physically capture the five-minute energy market LMP upon which opportunity cost is based, as
they cannot startup quickly enough to capture the profit from such energy price.’®” As a result,
there is no opportunity cost to consider as part of an offer to provide Non-Synchronized Reserve
or Secondary Reserve if the resource is offline or as part of an offer to provide Synchronized

Reserve or Secondary Reserve for a resource in synchronous condensing mode, in the pricing

185 PJM’s proposed changes to the compensation rules are discussed in section 111.C.12 below.

18 PJM explained this to stakeholders at the March 14, 2019 EPFSTF meeting. PJM Interconnection, L.L.C.,
Reserve Markets Enhancements Filing Summary, at 14-21 (Mar. 14, 2019), https://www.pjm.com/-
/media/committees-groups/task-forces/epfstf/20190314-pf/20190314-pjm-filing-summary.ashx.

187 Despite limiting Non-Synchronized Reserve offers to $0.00/MWh and not considering opportunity costs, clearing
prices in the Non-Synchronized Reserve markets should be above zero. In fact, PIM’s simulations show that the
clearing price may range from $1.26/MWh to $3.97/MWh. See Keech Aff. {43, Table 5. This results from clearing
Non-Synchronized Reserves based on the ORDC which values reserves based on the probability of falling below the
minimum reserve requirement.
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and settlement of such markets.!® PJM therefore proposes to discontinue the practice of
including opportunity costs for offline resources and synchronous condensers in pricing and
settling the reserve markets.

For Synchronized Reserve, PJM is proposing to retain that offers price “must be cost-
based.”'®® But, as explained in Section 111.A, above, PJM proposes to replace cost cap based on
inclusion of variable operating and maintenance costs in their Synchronized Reserve offers and a
$7.50 adder. Variable operating and maintenance costs are not properly recovered through the
provision of Synchronized Reserve, where the resource stands ready to provide additional energy
if called upon, but rather are properly recovered through resource’s energy market offers. For
the reasons stated above in section I11.A, the $7.50 adder is no longer appropriate and should not
be included in Synchronized Reserve offers. It was adopted as an incentive to supply reserves,
as it provided “reasonable profit margin” and was based on offers to supply 10-minute reserves
before the 2002 implementation of PJM’s current Synchronized Reserve market.!®® Such
incentive is no longer necessary, nor grounded in the current market.

In place of these two factors, PJIM proposes to add a cap on the costs that may be
included in a Synchronized Reserve offer up to the “expected value of the penalty for failing to
provide Synchronized Reserve,”!®! where the expected value of the penalty is “the product of:
(A) the average penalty, expressed in $/MWh, multiplied by (B) the average rate of non-

performance during Synchronized Reserve events multiplied by (C)the probability a

188 Similarly, there is no opportunity cost to consider as part of an offer to provide Secondary Reserve by an offline
generation resource.

189 See proposed Operating Agreement, Schedule 1, section 1.10.1A()(i)(3).
19 See PJM Interconnection, L.L.C., 101 FERC 1 61,115, at P 8 & n.6 (2002); PJM ER02-2519 Filing at 10-13.
191 See proposed Operating Agreement, Schedule 1, section 1.10.1A()(i)(3).
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Synchronized Reserve event that will qualify for non-performance assessments will occur.”%2

PJIM will post this value on its website and will update it annually.

However, because this value is based on historical data and may not be reflective of
market conditions under the new paradigm, PJM is proposing to state a starting value in the tariff
of $0.02/MWh, which, as Mr. Keech explains,* is based on data from the 2018 calendar year,
and to recalculate that value monthly, using data from the date of implementation through the
prior month, until the second January 1 following the implementation date.'®* This process
ensures that the Synchronized Reserve offer cap reflects the market dynamics.

It also bears noting that PJM is proposing two changes to the current penalty for non-
performance in a Synchronized Reserve Event, as set forth in section 3.2.3A(j). One, while PJM
is not proposing to change the structure of the penalty, including keeping its retroactive refund
aspect,’% PJM is proposing to cap the megawatts used to determine the amount of the retroactive
refund at the lesser of the resources actual real-time assignment in those prior intervals or the
amount of megawatts the resource failed to provide during the Synchronized Reserve Event.
Two, with the addition of the Day-ahead Synchronized Reserve Market, PJM is proposing to

specify that the Real-time Synchronized Reserve Market Clearing Price shall be used to calculate

192 See proposed Operating Agreement, Schedule 1, section 1.10.1A(j)(i)(3).
193 Keech Aff. { 55-58.
194 See proposed Operating Agreement, Schedule 1, section 1.10.1A()(i)(3).

195 As stated in the current market rules, the penalty requires a resource that fails to respond in response to a
Synchronized Reserve Event to refund Synchronized Reserve revenues “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.” Operating Agreement,
Schedule 1, section 3.2.3A(j).
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the penalty since Synchronized Reserve will now be cleared in both the day-ahead and real-time
markets.1%

These changes to the offer prices for the three reserve products allow a resource’s offer to
supply energy be the determinative factor in whether a resource is cleared to supply reserves or
energy, and make the resource indifferent as to which it provides, as the clearing process will
still consider any revenue forgone in the energy market when providing reserves. The process
for clearing reserves is discussed section 111.C.8 below.

5. PJM proposes to determine the available reserve capability of most
generation resources.

PJM proposes to extend its current practice of determining each resource’s available
capability to provide Tier 1 Synchronized Reserve based on the resource’s energy offer
parameters to now determine each resource’s available capability to provide Synchronized
Reserve, Non-Synchronized Reserve, and Secondary Reserve, for both the day-ahead and real-
time reserve markets. PJM proposes to determine the available reserve capability of all
Generation Capacity Resources'®” and non-capacity resources participating in the energy
markets, and make such determinations largely based on the resource’s energy market offer.!%

Currently, asset owners must maintain two sets of offer data, energy market offer data
and reserve market offer data, which are intended to reflect the ramping capability of a resource.
PJM’s analysis of under-response during Synchronized Reserve events has shown that the
reserve market data is not maintained as accurately as energy market offer data, which leads to

imprecise assessments of available reserve capability. If a resource can perform in the energy

1% The current penalty applies only to Tier 2 Synchronized Reserve resources, but, with the elimination of the two
tiers of Synchronized Reserve, it will now apply to all resources assigned or self-scheduled to provide Synchronized
Reserve but fail to perform. See proposed Operating Agreement, Schedule 1, section 3.2.3A(j).

197 See proposed Operating Agreement, Schedule 1, sections 1.10.1A(j)(ii), 1.10.1A(m)(ii).
198 Id.
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market consistent with the ramp rate specified in the energy offer parameters, it follows that the
resource should be able to perform in the reserve market consistent with that same ramp rate
since fulfillment of the reserve obligations means providing energy when called upon. Separate
offers for reserves are therefore generally superfluous.t®® Using energy market offer data to
determine reserve capability will therefore improve accuracy of reserve measurements.
Additionally, this assists with adherence to and enforcement of the must-offer requirement, as it
reduces the opportunity for a resource to unintentionally withhold reserve capability from the
market.

However, PJM would not make such determination for resource classes for which PJIM
would not be as able to reliably calculate their available megawatt capability for reserves (e.g.,
hydro, storage, and demand response resources) given lack of transparency into other factors that
govern their capability to provide reserves (such as water levels, state of charge and which
processes are being curtailed in order to provide load reduction); rather, sellers of such resources
may submit offers specifying a specific quantity of reserves the resource is capable of reliably
providing as Synchronized Reserve, Non-Synchronized Reserve and Secondary Reserve.?® In
fact, if the resource is subject to the must-offer requirement, it must do so.

PJM is proposing separate rules for how it would determine a resource’s available
capability to provide Synchronized Reserve, Non-Synchronized Reserve, and Secondary
Reserve. For Synchronized Reserve from resources providing energy, the determination is

“based on the resource’s current performance and initial energy output and the following offer

199 As discussed below, PIM is proposing that resources may be able to specify its maximum reserve capability (for
both Synchronized and Secondary Reserve) to the extent such maximum value differs from the resource’s maximum
energy capability (i.e., it Economic Maximum).

20 See proposed Operating Agreement, Schedule 1, sections 1.10.14()(ii), 1.10.1A()(iii), 1.10.1A()(iv),
1.10.1A(m)(ii), 1.10.LA(m)(iii).
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parameters submitted as part of the resource’s energy offer: (A) ramp rate; and (B) the lesser of
Economic Maximum and Synchronized Reserve maximum.”?°* In other words, PJIM will look at
the resource’s current energy position, and then calculate how much more energy the resource
can produce based on its submitted ramp rate and Economic Maximum. However, some
resource’s may have an operating configuration that prevents it from reliably providing
Synchronized Reserves up to its Economic Maximum (such as duct burners which are used to
provide the megawatts at the top of the resource’s dispatchable range, and which require
additional time to transition into that range), and PJM proposes to allow sellers to set a
Synchronized Reserve maximum offer parameter that is lower than its Economic Maximum only
upon the seller justifying to PJM such lower value.

The determination of available Non-Synchronized Reserve capability is similar to that for
Synchronized Reserve, but because a resource must be offline (i.e., not currently synchronized to
the grid) the determination does not start from the resource’s current energy output.
Accordingly, PIM will include the resource’s startup time and notification time, in addition to its
ramp rate and Economic Maximum (or Synchronized Reserve maximum MW if lesser), all as
stated in the resource’s energy offer parameters.?%

The determination of available Secondary Reserve capability generally follows the
Synchronized Reserve approach for online generation resources,?®® the Non-Synchronized
Reserve approach for offline resources,?** and for generation resources capable of synchronous

condensing, PJM will also consider the resource’s condense to generation time constraints, as

201 Proposed Operating Agreement, Schedule 1, section 1.10.1A(j)(ii)(2). For generation resources capable of
synchronous condensing, PJM will also consider the resource’s condense to generation time constraints, as stated in
its energy offer. Id.

202 proposed Operating Agreement, Schedule 1, section 1.10.1A(j)(iii)(2).
203 proposed Operating Agreement, Schedule 1, section 1.10.1A(m)(ii)(2)(A).
204 proposed Operating Agreement, Schedule 1, section 1.10.1A(m)(ii)(2)(B).
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stated in its reserve offer.?® There is one substantive difference for all three cases, however.
PIM will use “the lesser of Economic Maximum and Secondary Reserve maximum MW,”%% and
not Synchronized Reserve maximum MW, in the determination.

6. PJM is proposing to strengthen the rules for a resource’s offer parameters
to ensure that PJM can properly evaluate a resource’s available reserve
capability.

As a general rule, for all resources capable of reliably providing reserves, PJIM will be the
party responsible for determining how much reserve a specific resource is offering in both the
day-ahead and real-time reserve markets. 2 The accuracy of PJM’s determination of available
reserve capability is wholly dependent on the inputs provided by each resource’s offer
parameters. The two primary parameters in these calculations are Economic Maximum and
ramp rate. Thus, PIJM is strengthening its market rules to require Market Sellers to “specify a
ramping rate in the Offer Data that is an accurate representation of the resource’s capabilities
given the confines of the PJM software.”?%® PJM’s proposal recognizes certain limitations in its
market software related to generation resource modeling. In fact, PIM’s market software does
not allow the ramping capability of combined cycle units and units with duct firing ranges,
among other configurations, to be perfectly modeled. Accordingly, the proposed rule allows for

some modifications to a resource’s true ramp rate in order to accommodate the software. These

revisions ensure that each resource will offer all its available ramping capability to the reserve

205 proposed Operating Agreement, Schedule 1, section 1.10.1A(m)(ii)(2)(C).

206 Proposed Operating Agreement, Schedule 1, section 1.10.1A(m)(ii)(2)(A). The Secondary Reserve maximum
MW offer parameter addresses the same issue as the Synchronized Reserve maximum MW offer parameter—it
allows a resource with an operating configurations that prevent it from reliably providing Secondary Reserves up to
its Economic Maximum to cap its available Secondary Reserve capability.

207 As noted, while hydroelectric, storage, and demand response resources are capable of reliably providing reserves,
PJM will not be determining their available reserve capability.

208 proposed Operating Agreement, Schedule 1, section 1.7.19.
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(and energy) markets to the extent currently possible, and will prevent withholding of such
energy and reserve capability through the submission of an intentionally incorrect ramp rate.

In addition, consistent with current market rules for Synchronized Reserve, PJM is
proposing that offers to supply Synchronized Reserve, Non-Synchronized Reserve, and
Secondary Reserve may vary hourly, and may be updated each hour up to 65 minutes before the
applicable clock hour during the Operating Day.?%® Thus, PJM is proposing to add ramp rate,
Synchronized Reserve maximum MW, and Secondary Reserve maximum MW to the list of offer
parameters that a seller can update during the Operating Day?!® and that a seller can vary for
each clock hour.?!!

7. PJM proposes specific rules for demand response participation in reserve
markets that recognize their characteristics.

Demand response resources currently can offer to supply Synchronized Reserve and Day-
ahead Scheduling Reserve,?!? and PIJM proposes to continue that practice under the new reserve
market paradigm. PJM is proposing market rules specific for demand response resources to
supply reserves. As a general matter, the must-offer requirements do not extend to demand
response resources, and, consistent with current practice, PJM will not determine their available

reserve capability. Rather, sellers that submit offers to reduce demand in the energy markets

209 See proposed Operating Agreement, Schedule 1, sections 1.10.1A()(i)(3), 1.10.1A(j)(i)(4), 1.10.1A(m)(i)(3).

210 proposed Operating Agreement, Schedule 1, section 1.10.9A(b). In a corresponding change, PIM is proposing to
remove ramp rate from the list of operating parameters that cannot be updated during the Operating Day. See
proposed Operating Agreement, Schedule 1, section 1.10.9B(d).

211 Proposed Operating Agreement, Schedule 1, sections 1.10.1A(d)(iii) and 1.10.9B(b).

212 gee Operating Agreement, Schedule 1, sections 1.5A.8, 1.7.19A, 1, Definitions C-D (definition of Day-ahead
Scheduling Reserve Resources). As noted, demand response resources are incapable of providing Non-
Synchronized Reserve.
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may submit offers to supply Synchronized Reserve and Secondary Reserve, in both the day-
ahead and real-time reserve markets,?t3

Just as under the current rules, such offers must equal or exceed 0.1 MW, include the
required offer information, and may vary hourly and be updated up to 65 minutes before the
applicable clock hour.?'* PJM is proposing that offers for Synchronized Reserve by demand
response resources be subject to the same expected penalty value offer cap that applies to
generation resources? and that offers to supply Secondary Reserve are set to $0.00/MWh.?16

PJM is also proposing several clean-up changes. One, in developing this proposal, PJIM
observed that many of its existing market rules referred to “Demand Resources” as the resources
that would provide reserves, and not resources of Economic Load Response Participants.
Demand response resources can be both Demand Resources and Economic Load Response
Participants resources. However, Demand Resources are Capacity Resources?!’ and generally
participate in PJM’s Emergency Load Response Program. To participate in the energy and
ancillary services markets, sellers of demand response resources must register as Economic Load
Response Participants.?!8

Accordingly, to clarify the tariff and ensure all are on notice that Economic Load
Response Participants resources are the resources that can provide reserves and not Demand
Resources, PJM is proposing to refer only to Economic Load Response Participants resources in

these proposed market rules.

213 See proposed Operating Agreement, Schedule 1, sections 1.10.1A(j)(iv), 1.10.LA(m)(iii).

214 5ee proposed Operating Agreement, Schedule 1, sections 1.10.1A(j)(iv)(1), 1.10.1A(m)(iii)(1).
215 See proposed Operating Agreement, Schedule 1, section 1.10.1A(j)(iv)(2).

216 See proposed Operating Agreement, Schedule 1, section 1.10.1A(m)(iii)(2).

217 See RAA, Article 1 (definition of Demand Resource).

218 See Operating Agreement, Schedule 1, section 1.5A.3.

93



Two, the current market rules cap energy market offers submitted by Emergency Load
Response and Pre-Emergency Load Response participants based on the Reserve Penalty Factors.
As a result, maximum energy offers from such participants with a lead time of (1) 30 minutes are
“$1,000/megawatt-hour, plus the applicable Reserve Penalty Factor for the Primary Reserve
Requirement [$850/MWh], minus $1.00” or, simply stated, $1,849/MWh; (2) 60 minutes are
$1,000/MWh plus half of that Reserve Penalty Factor or, simply stated, $1,425/MWh; and
(3) 120 minutes are $1,100/MWh.2°® Given that PJM is proposing to raise the maximum
Reserve Penalty Factors to $2,000/MWh (and more broadly proposing dynamic penalty factors),
PJM proposes to untether the energy market offers for such resources from the Reserve Penalty
Factors, and simply state the equivalent dollar per megawatt-hour figures in the tariff.??° Moving
to stated prices is reasonable, as it does not change the actual price for such resources to be
dispatched but it does ensure that the Reserve Penalty Factor properly captures the cost of all
actions PJM would need to take to maintain reserves in excess of the minimum requirements.??!
By contrast, maintaining the current energy offer caps based on the Reserve Penalty Factor
would set the effective energy offer caps for some Emergency Load Response and Pre-

Emergency Load Response participants well in excess of $2,000/MWh and others at

219 See Operating Agreement, Schedule 1, section 1.10.1A(d)(x)(a). The current posted PJM tariff does not show
these provisions governing energy offer caps for Emergency Load Response and Pre-Emergency Load Response
participants because PJM inadvertently removed them in a compliance filing of Order No. 831. See PJM
Interconnection, L.L.C., Order No. 831 Compliance Filing, Docket No. ER17-1567-000 (May 8, 2017); PJM
Interconnection, L.L.C., Compliance Filing Concerning Offer Cap Rule, Docket No. ER17-1567-001 (Dec. 11,
2017). However, these provisions are part of PJM’s filed rate and so PJM is not showing them in redline in the
enclosed Operating Agreement revisions. PJM is only showing in redline the proposed changes to the energy
market offer caps in proposed Operating Agreement, Schedule 1, section 1.10.1A(d)(x).

220 See proposed Operating Agreement, Schedule 1, section 1.10.1A(d)(x).
221 See section 111.B.1 (explaining the purpose of the $2,000/MWh Reserve Penalty Factor).
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$2,000/MWh.??2 Such a result would be contrary to the design and purpose of the Reserve
Penalty Factor.
8. PJM proposes to update its reserve market clearing mechanisms to

properly evaluate the comparative costs of committing a resource for
energy or reserves.

To clear Synchronized Reserve in both the day-ahead and real-time markets, PIM
proposes to use the upgraded ORDCs discussed above, the offers submitted into the markets,
including the offers determined by PJM based on the resource’s energy offer parameters, and
“the product substitution cost between providing Synchronized Reserve, energy and any other
product the resource is capable of providing, and in accordance with the Office of the
Interconnection’s obligation to jointly procure and minimize the total production cost of”
procuring sufficient energy to meet demand and reserves to meet the Synchronized Reserve,
Primary Reserve, 30-minute Reserve and Regulation Requirements.??®> PJM proposes the same
for clearing the Non-Synchronized Reserve markets,?** and the Secondary Reserve markets.??®
PJM will continue to apply the joint optimization approach in which it clears the energy and
reserve markets.??

PJM’s proposal in this regard is a clarification, rather than a change, to PJM’s current

approach used to clear the markets. The current rules solely discuss opportunity cost, expressed

as the product of the MW withheld from the energy market in order to provide reserves and the

222 gpecifically, such resources with a 30-minute lead time would be able to submit offers up to $2,999/MWh, and
those with a 60-minute lead would be able to submit offers up to $2,000/MWh.

223 See proposed Operating Agreement, Schedule 1, section 1.11.4C(b).
224 See proposed Operating Agreement, Schedule 1, section 1.11.4B(b).
225 See proposed Operating Agreement, Schedule 1, section 1.11.4C(b).

2% n this regard, PJM is proposing a couple clarifying revisions. One, PIJM is updating section 2.6 to clarify that
joint optimization is used in the Day-Ahead Energy Market, and two, PJM is deleting section 1.7.19A(d) which
discusses procuring Synchronized Reserve using PJM’s prior practice of clearing energy separately from reserves
prior to the implementation of joint optimization of energy and reserves in October 2012 (original shortage pricing
implementation). See proposed Operating Agreement, Schedule 1, sections 2.6(b) and 1.7.19A.
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difference between the LMP and the resource’s energy offer price. However, this is an overly
simplistic representation of PJM’s approach, which evaluates the tradeoff between assigning a
resource to provide energy versus reserves when determining whether a resource should be
committed to provide reserves or not. 2’ To clarify and make explicit PJM’s approach, PIM is
proposing to update the market clearing rules to instead refer to evaluation of the product
substitution cost of committing a resource for reserves versus energy. The product substitution
cost associated with procuring each resource takes into account all the costs associated with
committing a resource, including costs, like the startup cost of an offline resource, which are not
included in the current simplistic opportunity cost description. While the tariff will refer to
“product substitution cost,” opportunity costs are still part of the evaluation; they just are not the
sole aspect being evaluated. Further, even for those resources for which PJIM declares the
opportunity costs are zero for pricing and settlement purposes, such as demand response
resources, offline resources and synchronous condensers, the product substitution cost will take
into account any energy market revenue the resource would forgo if selected to provide reserves
versus energy in determining the product substitution cost of that resource. As such, the
opportunity cost is not zero for these resources from a commitment perspective.??®

In addition, PJIM proposes to maintain limits on the amount of demand response

resources that can be counted towards the Minimum Synchronized Reserve Requirement??® and

227 See, e.9., Operating Agreement, Schedule 1, section 1.11.4A(b).

228 pJM also proposes to state in its market clearing rules that when PJM assigns day-ahead reserve commitments to
synchronous condensers and demand response resources with longer notification times than traditional reserve
resources — which make the resources inflexible in the real-time reserve markets and requires that such resources be
cleared for reserves in the hour-ahead clearing rather than every five minutes in real-time, such resources will be
committed in real-time reserve markets consistent with their day-ahead reserve assignments, unless PJM dispatches
the resource to provide energy or another reserve product. See proposed Operating Agreement, Schedule 1, sections
1.11.4A(b), 1.11.4B(b), and 1.11.4C(b).

229 While the current demand response limit for Synchronized Reserve is not stated in the tariff, it is stated in PIM
Manual 11, Section 4.2.8, and PJM proposes to include it in the tariff as part of this proposal.
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the Minimum 30-minute Reserve Requirement that can be satisfied by demand response
resources.?®  The current caps were adopted to ensure demand response was as effective as
other resources to manage the grid based on short-term issues. The PJIM Operating Committee
reviews and considers further increase to these limits as demand response participation levels
approach the limit has increased the participation limit to 33 percent based upon a performance
review.?3!  However, PJM now proposes to raise these limits to 50 percent of the minimum
requirements.?%2

In other words, PJM will clear resources to provide Secondary Reserve using joint co-
optimization to obtain the least-cost result, while meeting the applicable 30-minute Reserve

Requirements and limiting the system’s exposure to over-reliance on demand response resources.

9. Reserve market clearing prices should reflect the inter-relation of reserve
products.

A primary goal in designing reserve markets is to ensure that resources are indifferent to
providing energy or reserves. Thus, prices for reserves should account for the above-cost
revenues (i.e., profit) resources would earn had the resource been dispatched for energy instead
of reserves. In other words, resources should be compensated for their opportunity costs when
being committed to provide reserves. This ensures that when the market operator dispatches a
resource down from its current energy assignment to provide Synchronized Reserve, the resource
will follow dispatch and provide the reserves needed. Current market rules apply this approach.

Clearing prices for Synchronized Reserve and Non-Synchronized Reserve are determined based

230 See Operating Agreement, Schedule 1, section 3.2.3A.01(a) (“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 Day-ahead Scheduling Reserves Requirement.”).

231 The PIJM Operating Committee previously increased the participation limit in the Synchronized Reserve market
from 25% to 33%. In 2018, the maximum hourly demand response resource Synchronized Reserve assignment was
25.6 percent, while the hourly average participation has ranged from approximately 5 to 13 percent.

232 See proposed Operating Agreement, Schedule 1, sections 1.11.4A(b) and 1.11.4C(b).
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on the cost of “serving the next increment of demand for Synchronized Reserve in a Reserve
Zone or Reserve Sub-zone, determined by the interaction between a supply curve formed using
Synchronized Reserve offer prices and opportunity costs.”?3

Further, the current market rules specify how PJM estimates opportunity cost for each
resource providing reserves for the purposes of determining the Synchronized Reserve Market
Clearing Price and Non-Synchronized Reserve Market Clearing Price.?* However, upon review
of the current market rules, PJIM determined that the opportunity cost determination used to
calculate the reserve markets clearing prices, as currently described in the tariff, is incorrect, as
the tariff describes it as a dollar value instead of a dollar per megawatt hour value, as required for
clearing prices. The market rules in the tariff therefore need to be revised. To be clear, PIM
does not believe that there is any issue with the way PJM currently calculates opportunity costs,
nor any error in how prices are formed in the market today. Rather, the tariff needs to be
corrected, and PJM is taking the opportunity in this filing to do so.

Accordingly, PIM is proposing several revisions to the rules describing the opportunity
costs used for determining clearing prices. PJM is adding opportunity cost provisions to help
determine Secondary Reserve Market Clearing Prices, both day-ahead and real-time,?® and

provisions to help determine clearing prices for the Day-ahead Synchronized Reserve Market.?®

PJM proposes to remove the formulaic description of the tariff’s opportunity cost description, as

233 Operating Agreement, Schedule 1, section 3.2.3A(d).
234 Operating Agreement, Schedule 1, sections 3.2.3A(e), 3.2.3A.001(d).

235 See proposed Operating Agreement, Schedule 1, section 3.2.3A.01(f). In this regard, PIJM is also proposing that,
in the event of a Voltage Reduction Action or a Manual Load Dump Action, Secondary Reserve Market Clearing
Prices should be “the sum of the Reserve Penalty Factors for the Minimum 30-minute Reserve Requirements for
each Reserve Zone or Reserve Sub-zone to which it can contribute.” Id. section 3.2.3A.01(d)(ii). This proposed
rule mirrors the current and proposed rules for Synchronized Reserve. See Operating Agreement, Schedule 1,
section 3.2.3A(d) and proposed Operating Agreement, Schedule 1, section 3.2.3A(d)(ii).

236 See proposed Operating Agreement, Schedule 1, sections 3.2.3A(e)(i), 3.2.3A(e)(ii).
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it is incorrect.®” In the formula, “A” and “B” apply only to synchronous condensers, but the
formula appears to apply these factors for all resources. So, PIJM is proposing to delete these and
simply state the rule applicable to synchronous condensers.?*® PJM is also clarifying the rules to
remove the part of the formula unnecessary to solve for a dollar per megawatt hour value, i.e.,
factor “C”.2° In so doing, PJM proposes to retain the part of the formula that determines
opportunity cost based generally on the difference between the applicable LMP and the
resource’s energy offer price.?4

Because there are no opportunity costs for Non-Synchronized Reserve,?*! PIM is
proposing to set the opportunity cost for a generation resource that is not providing energy
because they are providing Non-Synchronized Reserves at zero.?*> PJM also proposes to set
opportunity costs to zero for determining both day-ahead and real-time clearing prices for
synchronous condensers and resources self-scheduled to provide Synchronized Reserve.?*3
Opportunity costs for demand response resources in the day-ahead Synchronized Reserve and
Secondary Reserve markets will be determined only if the resource receives a day-ahead
commitment to provide energy in the same operating hour in which such resource is committed
to provide reserves.?** Opportunity costs for demand response resources will be set at zero for

the real-time Synchronized Reserve and Secondary Reserve markets.?”® Finally, PIM is

237 Operating Agreement, Schedule 1, section 3.2.3A(e).

238 See proposed Operating Agreement, Schedule 1, sections 3.2.3A(e)(i) and (ii), 3.2.3A.01(f)(i) and (ii).
239 |d

240 5ee proposed Operating Agreement, Schedule 1, sections 3.2.3A(e)(i) and (ii), 3.2.3A.01(f)(i) and (ii).
241 See supra section 111.C.4.

242 5ee proposed Operating Agreement, Schedule 1, section 3.2.3A.001(d)(i).

243 See proposed Operating Agreement, Schedule 1, sections 3.2.3A(e)(i), 3.2.3A(e)(ii).

244 See proposed Operating Agreement, Schedule 1, sections 3.2.3A(e)(i), 3.2.3A.01(f)(i).
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proposing specific rules to determine opportunity costs for hydroelectric resources assigned to
provide Synchronized Reserve and Secondary Reserve in real-time based on the resource’s then-
current operating conditions.4

Another basic tenet of reserve pricing is that the clearing prices are additive for products
that can substitute for each other. Because a megawatt of Synchronized Reserve can go toward
meeting the Synchronized Reserve Requirement and the Primary Reserve Requirement, the
Synchronized Reserve Market Clearing Price reflects the cost of meeting both these
requirements. For this reason, the Synchronized Reserve Market Clearing Price will always be
greater than or equal to the Non-Synchronized Reserve Market Clearing Price, which represents
the price of meeting the balance of the Primary Reserve Requirement in excess of the
Synchronized Reserve Requirement.?*” Further, when the system becomes short on reserves, the
Synchronized Reserve Market Clearing Price includes the Reserve Penalty Factor for each

reserve requirement and each Reserve Zone or Sub-zone to which a megawatt of Synchronized

245 See proposed Operating Agreement, Schedule 1, sections 3.2.3A(e)(ii), 3.2.3A.01(f)(ii). Currently, the market
rules set the opportunity cost of demand response resources to zero. Thus, PJM’s proposal to allow a non-zero
opportunity cost for demand response resource in the day-ahead market is a change. However, while in day-ahead
PJM simultaneously determines both the commitment and dispatch of demand response resources for both energy
and reserves (thereby establishing the basis for an opportunity cost), in real-time PJM performs the commitment and
dispatch of Demand Resources in multiple stages, as follows. Because most demand response resources are
inflexible (i.e., longer notification times than five minute real-time commitments allow for), they are committed for
reserves an hour before the applicable performance interval in the Ancillary Services Optimizer. Each resource’s
product substitution cost of providing reserves as opposed to energy is considered in this commitment decision.
However, real-time energy commitments for Demand Resources are deferred until IT SCED, which is about 30-
minutes ahead. Any additional demand reduction capability is evaluated for an energy commitment at this time.
Energy commitments resulting from IT SCED are fixed, meaning RT SCED does not revisit the decision to dispatch
the resource. Thus, in real-time, when PJM dispatches the system for reserves and energy and determines the real-
time prices, they are not dispatchable for energy, as their commitment/dispatch from IT SCED is fixed. This is true
even for Demand Resources that do have the flexibility to accept five-minute real-time reserve commitments.
Therefore, demand response resources have no opportunity cost in real-time.

246 See proposed Operating Agreement, Schedule 1, sections 3.2.3A(e)(ii), 3.2.3A.01(f)(ii). The proposed rules for
determining opportunity costs for hydroelectric resources mirror the rules for determining opportunity costs for
hydroelectric resources in the Regulation market. See Operating Agreement, Schedule 1, section 3.2.2(d). Indeed,
PJM currently uses these rules for determining opportunity costs for Synchronized Reserve.

247 See Operating Agreement, Schedule 1, sections 3.2.3A(d), 3.2.3A.001(c).
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Reserve can contribute, leading to additive prices.?*® Currently, the Synchronized Reserve
Market Clearing Price is capped at only two Reserve Penalty Factors, despite the fact that if both
the Synchronized Reserve and Primary Reserve Requirements could not be met for either the
RTO Reserve Zone or the MAD Sub-zone, the Synchronized Reserve Market Clearing Price for
the MAD Sub-zone should reflect all four Reserve Penalty Factors in recognition that a
megawatt of Synchronized Reserve in the MAD Sub-zone can satisfy all four reserve
requirements. PJM proposes to maintain this structure for Synchronized Reserve and Non-
Synchronized Reserve, and add it for Secondary Reserve, as such structure recognizes that some
reserve products can meet multiple reserve requirements, provide greater value to the system,
and should be compensated more.

PJM’s proposal does just that. PJM proposes to calculate both day-ahead and real-time
reserve market clearing prices as the incremental cost of serving the next increment of demand
for such reserve in a Reserve Zone or Reserve Sub-zone. Such clearing prices will be
determined based on the interaction of the applicable ORDC, offer prices, and opportunity costs,
as applicable, plus the incremental prices of serving the next increment of demand for such
reserve product in each other Reserve Zone or Reserve Sub-zone and each other reserve

requirement to which that resource can contribute.?*°

248 Operating Agreement, Schedule 1 section 3.2.3A(d) (“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.”).

249 See proposed Operating Agreement, Schedule 1, sections 3.2.3A(d)(i), 3.2.3A(d)(ii), 3.2.3A.001(c)(i),
3.2.3A.001(c)(ii), 3.2.3A.01(d)(i), 3.2.3A.01(d)(ii). For example, the Day-ahead and Real-time Synchronized
Reserve Market Clearing Prices shall be calculated as:

the price of serving the next increment of demand for Synchronized Reserve in a Reserve
Zone or Reserve Sub-zone, determined by the interaction between a supply curve formed
using Synchronized Reserve offer prices and opportunity costs and the Operating Reserve
Demand Curve for Synchronized Reserve for that Reserve Zone or Reserve Sub-zone,
plus (A) the price of serving the next increment of demand for Synchronized Reserve for
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Commission staff has recognized the rational for pricing with this method. In an October
2014 report in Docket No. AD14-14, Commission stated: “[t]ypically, price formation during
shortages is more involved than applying a penalty factor for failing to meet a single reliability-
based operating reserve requirement, and penalty factors may be additive in order to reflect the
degree of the shortage or the particular operating reserve requirement not being met.”>°
To arrive at the clearing prices, PIM must account for differing Reserve Penalty Factors,
differing minimum reserve requirements, and differing ability of each product to satisfy different
requirements. This necessarily results in some complexity in calculating reserve market clearing
prices. Such calculations require determining interim prices, commonly referred to as shadow
prices, that are not themselves clearing prices, but that are necessary steps on the path to
determining clearing prices. Dr. Rocha Garrido presents in his affidavit the series of formulae
PJM proposes to use to perform the clearing price calculations.?®!
10.  As energy and reserves are procured simultaneously through a joint co-

optimization algorithm, PJM proposes to allow the ORDCs to interact
with the energy market prices.

Updates to the energy market pricing rules are required to implement this proposal. The
current market rules allow Real-time Energy Market LMPs to increase when PJM is unable to
procure sufficient reserves to meet the Synchronized Reserve Requirement and the Primary
Reserve Requirement—i.e., when there is a shortage. Thus, corresponding to PJM’s proposal to

procure sufficient reserves on a day-ahead basis to meet the Synchronized Reserve Requirement,

any other Reserve Zone or Reserve Sub-Zone to which the next increment of demand for
Synchronized Reserve can contribute and (B) the price of serving the next increment of
demand for Primary Reserve and 30-minute Reserve for each Reserve Zone or Reserve
Sub-Zone to which the next increment of demand for Synchronized Reserve can
contribute.

Proposed section 3.2.3A(d)(i) and (ii).
250 2014 FERC Staff Shortage Pricing Report at 7.
21 Rocha Garrido Aff. § 23.
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the Primary Reserve Requirement, and the 30-minute Requirement, PJM is updating the rules to
allow Day-ahead Energy Market LMPs to increase when PJM is unable to procure sufficient
reserves to meet the minimum reserve requirements.??

PJM is also proposing to update the provisions calculating Real-time and Day-ahead
Energy Market prices to clarify that energy market prices will be determined in conjunction with
clearing the reserve markets. To an extent this is already occurring in the real-time markets
through PJM’s joint co-optimization clearing approach, which simultaneously clears reserves
and energy markets from the same pool of resources. The clearing algorithm determines the
least-cost solution, which minimizes production cost, for clearing all markets. The only new
element introduced in this proposal is that the sloped ORDCs for clearing the reserve markets
will interact with the energy market prices even when the minimum reserve requirements are
being met.

Further, PJM is proposing to update the rules to explicitly state that PJIM determines
prices in the Day-ahead Energy Market using “a joint optimization of energy and reserves, given
scheduled system conditions, a set of energy offers, a set of reserve offers, a set of Operating
Reserve Demand Curves, and any binding transmission constraints that may exist.”?*® PJM is
also proposing to include the following clarification of how energy market prices will be
determined.

Locational Marginal Prices at a bus shall be determined through

the joint optimization program based on the lowest marginal cost
to serve the next increment of load at the bus taking into account

22 See proposed Operating Agreement, Schedule 1, section 2.2(d)(i). PJM is also proposing to update when
shortage pricing occurs to when the “Minimum” reserve requirements are not met. This change corresponds to PJIM
defining the reserve requirements as any point on the applicable ORDC, while the minimum requirements represent
the megawatts required to be maintained by applicable reliability standards, consistent with the current reserve
requirements. See id., sections 2.2(d)(ii) and 2.5(d). PJM proposes to retain the shortage pricing rules in section
2.2(d) and 2.5(d) to manage PJM’s reporting requirements for when shortage pricing is triggered.

253 See Operating Agreement, Schedule 1, proposed section 2.6(a).
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resource constraints, transmission constraints, marginal loss
impact, and the applicable Operating Reserve Demand Curves.
When the marginal energy MW is provided by converting a MW
of reserves into a MW of energy, the resulting Locational Marginal
Price takes into account the opportunity cost of that exchange.?>*

This proposed text more explicitly spells out PJMs current approach, and expands it to include
the ORDCs in the LMP calculation outside of shortage events as the ORDCs interact with the
calculation of LMP in the same manner regardless of whether or not the minimum reserve
requirements can be met. This provision replaces the last sentence in both sections 2.5(a) and
2.6(a), which summarized how LMPs would be determined.

Because the ORDCs will continuously interact with energy market pricing, PJM proposes
to delete the provision in the real-time LMP calculation specifically allowing Reserve Penalty
Factors to be included in the LMP (but capped at two times the Reserve Penalty Factor).?® This
provision is unnecessary as the continual interaction of the ORDCs with energy market pricing
will trigger such change in energy market pricing when any minimum reserve requirement is not
met.

In addition, PJM is proposing to cap the price at which Emergency energy offers can set
LMP at $2,000/MWh. Currently, resources outside of PJM, and the emergency segments of
generation resources within PJM, can set LMP during Emergency actions at offers up to “the
energy offer cap plus the sum of the applicable Reserve Penalty Factors for the Synchronized
Reserve Requirement and Primary Reserve Requirement,”?® which is $5,000/MWh with the
proposed $2,000/MWh Reserve Penalty Factors. PJM will still accept offers for Emergency

energy above $2,000/MWh under the proposed revision. Such offers will simply be capped at

254 See proposed Operating Agreement, Schedule 1, sections 2.5(b), 2.6(b).
2% See proposed Operating Agreement, Schedule 1, section 2.2(b).
2% Operating Agreement, Schedule 1, section 3.2.6(a).
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$2,000/MWh for the purpose of setting LMP, and will bring this provision in line with the
proposed $2,000/MWh Reserve Penalty Factors, and the $2,000/MWh cost-based energy offer
cap for setting LMP.2>

11.  PJM proposes to clarify the rules for resources to self-schedule to provide
reserves.

Sellers may self-schedule resources to supply Synchronized Reserve. However, sellers
that self-schedule a resource to provide Synchronized Reserve in the day-ahead market and do
not deliver that megawatt quantity of Synchronized Reserve in real-time shall “buy out” of the
shortfall from the real-time market at the Real-time Synchronized Reserve Market Clearing
Price.?® This rule mirrors the one for resources self-scheduled to provide energy but fall short of
their promise,?® and imposes the same performance obligation on self-scheduled resources as for
those committed and dispatched by the clearing algorithm.2%°

Unlike for Synchronized Reserve, resources cannot self-schedule to provide Non-
Synchronized Reserve or Secondary Reserve. Sellers cannot self-schedule their resources to
provide Non-Synchronized Reserve because doing so would require the sellers put the resources
offline which would prevent such resources from being available to provide energy. Essentially,
self-scheduling to supply Non-Synchronized Reserve would allow the seller to withhold the
resource from the market.

Sellers cannot self-schedule their resources to provide Secondary Reserve because this
would essentially allow a seller to withhold the resource’s energy capability (10 to 30 minutes in

the future) from the market. Such energy market withholding has the potential to artificially

257 See Operating Agreement, Schedule 1, section 2.2.

258 Proposed Operating Agreement, Schedule 1, section 1.10.3(e).
29 See Operating Agreement, Schedule 1, section 1.10.3(d).

260 See Operating Agreement, Schedule 1, section 1.10.1(c).
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increase energy market prices, potentially for the benefit of the seller’s other resources.
Moreover, there likely is a lack of economic incentive to self-schedule in the Secondary Reserve
market to cover a Market Seller’s obligation to provide Secondary Reserves for the load it
serves. All of PJM’s simulations show very low prices for Secondary Reserve ($0.00/MWh once
rounded to the nearest penny).2®®  Therefore, any benefit gained from self-scheduling for
Secondary Reserve would very likely be outweighed by the harm a potential gaming scheme
would cause.?®2

PJM is also proposing a clarifying and clean-up edit to the self-schedule rules in section
1.10.3. Currently, the rules provide that “[h]ydropower units, excluding pumped storage units,
may only be self-scheduled.”?®® However, the words “[f]or energy” have been inadvertently
omitted from the beginning of this sentence, and PJM proposes to include them in this filing.?%*
While hydroelectric units are not part of the generation pool from which the PIM markets

procure energy, they are a pool resource for reserves and regulation.

12.  With the markets in alignment, reserve settlements should mirror that
currently used for energy.

Aligning the day-ahead and real-time markets to both clear all three reserve products
necessitates revisions to the rules for compensating resources providing reserves and for
allocating the costs of such reserves. In the parlance of settling the markets, payments to

resources are called “credits” and allocated costs are called “charges.” As discussed, in

261 Keech Aff. 142, Table 4.

262 \While this market power concern also exists for allowing sellers to self-schedule Synchronized Reserve, the
concern there is less acute. This is because the shorter, 10-minute time horizon for Synchronized Reserve reduces a
Market Seller’s ability to affect LMP because it involves a smaller number of megawatts. The viability of such a
scheme is lessened by the nature of Synchronized Reserve, but not by the 30-minute time horizon of Secondary
Reserve. Further, there is a more legitimate financial incentive to self-schedule to fulfill a Market Seller’s obligation
to provide Synchronized Reserves for the load it serves given that the simulations show an average SRMCP of
$7.89/MWh. See Keech Aff. § 42, Table 4.

263 Operating Agreement, Schedule 1 section 1.10.3(e).
264 See proposed Operating Agreement, Schedule 1, section 1.10.3(f).
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developing the rules for Secondary Reserve, PJIM generally mirrored the current and revised
rules for Synchronized Reserve and Non-Synchronized Reserve. Thus, the general structure of
the revised settlements is followed for all three reserve products. In short, that structure is as
follows: resources receive credits for day-ahead assignments, real-time assignments, and for lost
opportunity costs associated with providing the reserve product assigned instead of energy or a
different reserve product. Load is allocated costs for procuring reserves based on whether the
benefit is location-based or region-wide.

a. Reserve market costs should continue to be allocated to the load in
each Reserve Zone or Reserve Sub-zone.

Under current market rules, all Load Serving Entities have a Synchronized Reserve
Obligation and a Non-Synchronized Reserve Obligation for each hour based on its total real-time
load in each Reserve Zone or Reserve Sub-zone.?®® Entities with such an obligation are charged
for procuring reserves in the Reserve Zone or Reserve Sub-zone in which the entity’s real-time
load is located based on the real-time clearing price for such reserves multiplied by the amount
of reserves procured. Load Serving Entities are also allocated a share of resources’ opportunity
costs of providing reserves, based on their Synchronized Reserve Obligation or Non-
Synchronized Reserve Obligation, where the Synchronized Reserve Obligation is further offset
by any self-scheduled Synchronized Reserve MW .26¢

PJM proposes to extend these practices to Secondary Reserve, and establish a Secondary

Reserve Obligation based on each Load Serving Entity’s total load in each Reserve Zone or

265 QOperating Agreement, Schedule 1, sections 3.2.3A(a), 3.2.3A.001(a). Subject to certain requirements, Load
Serving Entities may enter into agreements to share reserves with external entities, and their reserve obligations may
be reduced pursuant to such agreements. 1d.

266 See proposed Operating Agreement, Schedule 1, sections 3.2.3A(h), 3.2.3A.001(f), 3.2.3A.01(h).
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Reserve Sub-zone.?®” Further, PJIM proposes that a Load Serving Entity’s obligation (for each
product) can be adjusted through bilateral agreements and that, for each reserve product, Load
Serving Entities with a reserve obligation “shall be charged the pro rata share of the sum of day-
ahead and real-time credits” for that reserve product.’® PJM is also proposing clarifying
revisions to the provisions allocating lost opportunity cost to load.

These changes ensure that load in the location for which the resource was committed to
provide reserves, and which receives the reserve benefits provided, are charged.

b. Resources should be paid through Reserve Market Clearing Price
credits and lost opportunity cost credits, just like energy.

Resources are currently credited in two ways: for the clearing price credits for the
megawatts that clear in the reserve market (i.e., clearing price times multiplied by megawatts),
and for the lost opportunity cost of providing such reserves instead of other revenue
opportunities. PJM proposes to keep this basic approach, but expand the current rules to account
for the additional complexity inherent in clearing reserves day-ahead, just like energy, and in
adding the Secondary Reserve product. Thus, the resources that provide reserves will now be
eligible to receive the three different credits as described below.

One, just as in the energy market,?®® resources will be eligible to receive credits for
megawatts that clear in the day-ahead reserve markets equal to the megawatts cleared times the
applicable day-ahead reserve market clearing price.?”

Two, just as in the energy market,?’* resources will be eligible to receive credits for any

deviations in the amount of megawatts that clear in the real-time reserve markets as compared to

267 See proposed Operating Agreement, Schedule 1, section 3.2.3A.01(a).

268 See proposed Operating Agreement, Schedule 1, sections 3.2.3A(a), 3.2.3A.001(a), 3.2.3A.01(a).

269 Operating Agreement, Schedule 1, sections 3.2.1(c), 5.1.3(c), 5.4.3(c).

270 See proposed Operating Agreement, Schedule 1, sections 3.2.3A(b)(i), 3.2.3A.001(b)(i), 3.2.3A.01(b)(i).
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a resource’s day-ahead commitment to provide such reserve. The credits may result in revenues
when the resource is assigned additional megawatts in real-time, or result in losses to the extent
the resource is assigned less megawatts in real-time than day-ahead. Such real-time credits will
equal the megawatt deviation from day-ahead times the applicable real-time reserve market
clearing price.?’2 PIM proposes to calculate these credits for each Real-time Settlement Interval
(i.e., every five minutes). Also, to ensure that no megawatts are double counted as providing
reserves and energy, PJM proposes to cap the amount of reserves a resource can be credited for
in a given Real-time Settlement Interval at the difference between the resource’s maximum

213 and the resource’s energy production?’* for that interval.?’®

available reserve capability

Three, just as in the energy market,?’® resources will be eligible to receive credits for any
lost opportunity costs in both the day-ahead and real-time reserve markets associated with being
assigned to provide reserves but only to the extent such opportunity costs exceed the credits
received based on the market clearing prices.?’” The calculation of how much lost opportunity

cost credit a resource is eligible to receive evaluates the difference between the amount resource

is credited through the market clearing prices and the energy market revenues the resource did

271 Operating Agreement, Schedule 1, sections 3.2.1(e), 5.1.3(f), 5.4.3(f).
272 See proposed Operating Agreement, Schedule 1, sections 3.2.3A(b)(ii), 3.2.3A.001(b)(ii), 3.2.3A.01(b)(ii).

273 This is represented by the lesser of the resource’s Economic Maximum or Synchronized Reserve maximum MW
or Secondary Reserve maximum MW.

274 In settlement parlance, energy production is called “Revenue Data for Settlements.” See Operating Agreement,
Schedule 1, section 3.1A.

275 See proposed Operating Agreement, Schedule 1, sections 3.2.3A(b)(ii), 3.2.3A.01(b)(ii) (“A=For each Real-time
Settlement Interval,.... The megawatt value is capped at the Lesser of the Economic Maximum and the
Synchronized Reserve Maximum MW . .. .”). Demand response resources are also eligible to receive a credit for
any fixed costs associated with achieving a load reduction (e.g., shutdown costs) in the event they are dispatched in
response to a Synchronized Reserve Event. Id. sections 3.2.3A(b)(ii), 3.2.3A.01(b)(ii).

276 See proposed Operating Agreement, Schedule 1, sections 3.2.3(f) through (f-4).
277 See proposed Operating Agreement, Schedule 1, sections 3.2.3A(b)(iii), 3.2.3A.001(b)(iii), 3.2.3A.01(b)(iii).
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not earn by following PJM’s reserve assignments. The various opportunity costs and the final
determination are explained below.

i. Day-ahead and real-time opportunity costs

Because resources face different opportunity costs when they are assigned in the day-
ahead and real-time markets, PJM is proposing separate, but similar, calculations for a resource’s
opportunity cost in each market. In both cases, the calculation determines the profit (revenue
above cost) foregone by the resource had the resource provided energy instead of reserve, based
on the “deviation of the resource’s output necessary to supply a [reserve] assignment from the
resource’s expected output level if it had been assigned in economic merit order to provide

93278

energy.

ii. Market Revenue Neutrality Offset

In addition, changes between a resource’s day-ahead energy and reserve assignments and
its real-time energy and reserve assignments when directed by PJM create an opportunity for
resources to earn additional profits (i.e., revenue above cost) that can offset losses incurred,
because the resource must “buy out” of its day-ahead assignments that do not clear in real-time at
the applicable real-time clearing price.?’® To ensure that the profits “realized from the increase
in real-time market megawatt assignment from a day-ahead market megawatt assignment in any

of these markets”2%0 offset any losses from a resource buying out of its day-ahead assignments,

28 See proposed Operating Agreement, Schedule 1, sections 3.2.3A(f)(i), 3.2.3A(N(ii), 3.2.3A.01(f)(),
3.2.3A.01(f)(ii). As discussed, there is no opportunity cost associated with providing Non-Synchronized Reserve
because the resource is offline and incapable of providing energy in the same interval it is assigned to provide Non-
Synchronized Reserve.

279 Currently, energy market rules require resources with a day-ahead assignment that deviate from such assignment
in real-time to “buy out” of any MWs of energy they fail to provide in real-time or are not assigned to provide in
real-time. See section 1.10.1(c). Consistent with procuring reserves in day-ahead and real-time, PJM is proposing
to extend this “buy out” practice to assignments for Synchronized Reserve, Non-Synchronized Reserve, and
Secondary Reserve. See proposed Operating Agreement, Schedule 1, section 1.10.1(c).

280 proposed Operating Agreement, Schedule 1, Definitions M-N.
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PJM is proposing to calculate a Market Revenue Neutrality Offset.?#2 The Market Revenue
Neutrality Offset represents the revenue above cost the resource earns across the energy and
reserve markets as a result of the change in its assignments between day-ahead and real-time.

For each Real-time Settlement Interval, PIJM will determine a Market Revenue Neutrality
Offset for Synchronized Reserve, Non-Synchronized Reserve, and Secondary Reserve and add
them together. From that sum, PJM will determine the Market Revenue Neutrality Offset to be
used in determining the resource’s lost opportunity cost credit for each market. Thus, to
determine a resource’s Synchronized Reserve Market Revenue Neutrality Offset, for example,
PJM would allocate the sum of these Market Revenue Neutrality Offsets to the Synchronized
Reserve market “based on the ratio of the opportunity cost owed due to a reduction in assignment
in real-time within the Synchronized Reserve market and the total opportunity cost owed due to a
reduction in assignment in real-time from all reserve markets, not to exceed the resource’s
opportunity cost owed in the Synchronized Reserve market.”?82

In other words, the Market Revenue Neutrality Offset represents the profit earned in other
reserve and energy markets that offsets any losses incurred due to a shift in the megawatts
assigned in real-time relative to its day-ahead assignment for each product. Because such offsets

are not accounted for in a resource’s day-ahead or real-time opportunity cost calculation,?® a

resource’s lost opportunity cost credit should account for any increase or decrease in revenues

281 See proposed Operating Agreement, Schedule 1, sections 3.2.3A(f)(iii), 3.2.3A.001(d)(ii), 3.2.3A.01(f)(iii).

282 See proposed Operating Agreement, Schedule 1, section 3.2.3A(f)(iii). PJM proposes to apply the same ratio
calculation for determine the Market Revenue Neutrality Offsets for the Non-Synchronized Reserve market and the
Secondary Reserve market, but use the resource’s assignment and opportunity costs for such markets in the
calculation. See proposed Operating Agreement, Schedule 1, sections 3.2.3A.001(d)(ii), 3.2.3A.01(f)(iii).

283 See, e.g., proposed Operating Agreement, Schedule 1, sections 3.2.3A(f)(i), 3.2.3A(f)(ii) (Synchronized Reserve
real-time and day-ahead opportunity cost calculations).
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resulting from such shift.?8* Otherwise, a resource may not be economically indifferent to the
product it provides in real-time.

However, to be eligible to recover any Market Revenue Neutrality Offset in its lost
opportunity cost credit, a resource must not act in a manner that results in the resource’s real-
time reserve assignment being less than its day-ahead assignment. For each reserve product,
PJM is proposing to list the various actions that can result in the resource losing its eligibility to
recover a Market Revenue Neutrality Offset for that reserve product.?®®> When ineligible for the
Market Revenue Neutrality Offset, the lost opportunity cost determination will include “the
opportunity cost credit owed due to a reduction in assignment in real-time,”?®® such that the
resource will not receive any opportunity cost credits for the opportunity cost the resource’s own
actions created.®’

iii. Determination of lost opportunity costs credits

Based on these inputs, plus offer prices for Synchronized Reserves, PJIM proposes to
determine a resource’s lost opportunity cost credit as the resource’s costs (as reflected in both
opportunity costs and, for Synchronized Reserve, offer prices) minus reserve market revenues
minus the Market Revenue Neutrality Offset allocated to that reserve product.?® If the value is

positive, then the resource is not earning enough revenue in the markets to cover its other

284 For example, if, for given 5-minute interval, a resource has day-ahead assignments of 10 MWs of energy, 5 MWs
of Synchronized Reserve, and 5 MWs of Secondary Reserve, and in real-time PJM dispatches the resource to
provide in that interval, 15 MWs of energy, 5 MWs of Synchronized Reserve, and 0 MWs of Secondary Reserve,
then PJM would calculate a Market Revenue Neutrality Offset to ensure that the revenues associated with the real-
time shift of 5 MWs from Secondary Reserve to energy is accounted for in the resource’s lost opportunity cost
credit.

285 See proposed Operating Agreement, Schedule 1, sections 3.2.3A(f)(iii), 3.2.3A.001(d)(ii), 3.2.3A.01(f)(iii).
286 See proposed Operating Agreement, Schedule 1, sections 3.2.3A(f)(iv), 3.2.3A.001(d)(iii), 3.2.3A.01(f)(iv).

287 For example, if a resource’s real-time Synchronized Reserve assignment decreases due to the resource being self-
scheduled in another market, then the resource is not eligible to recover any opportunity cost credits due to such
deviation in Synchronized Reserve assignments. See proposed Operating Agreement, Schedule 1,
section 3.2.3A(f)(iii).

288 See proposed Operating Agreement, Schedule 1, sections 3.2.3A(f)(iv), 3.2.3A.001(d)(iii), 3.2.3A.01(f)(iv).
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revenue opportunities, and it is eligible for a lost opportunity cost credit in that amount. Such a
credit is designed to ensure the resource follows PJM dispatch and is indifferent as to providing
reserves or energy. If the value is negative, then the resource’s reserve market revenues exceed
the revenues it would have earned in the energy market, and PJM proposes to account for such
excess revenues in calculating the resource’s balancing Operating Reserves credits. 28

For example, for each Real-time Settlement Interval, the Synchronized Reserve lost
opportunity cost credit is determined as follows. First, add up the resource’s costs, which are
reflected in its cost-based offer price times its Synchronized Reserve megawatt assignment for
both the day-ahead and real-time markets,>® and its day-ahead and real-time opportunity
costs.?!  Second, add up the resource’s revenues, i.e., its day-ahead market and its real-time
market clearing price credits, and add the ratio share of the Market Revenue Neutrality Offset
allocated to Synchronized Reserve.?®? If the costs are greater than the revenues, then the
resource is eligible for Synchronized Reserve lost opportunity cost credit.

The lost opportunity cost credit calculation is slightly different for Secondary Reserve.
There, because there are no offer prices allowed, the calculation simply includes only
opportunity costs on the cost side.

For Non-Synchronized Reserve, the cost side of the equation is zero. That is, as

discussed above, because offline resources have no opportunity costs associated with being

289 See proposed Operating Agreement, Schedule 1, section 3.2.3(e).

2% See proposed Operating Agreement, Schedule 1, section 3.2.3A(f)(iv) at formula inputs A (day-ahead) and B
(real-time). Consistent with PJM’s proposed approach for determining real-time reserve market credits, the MWs of
reserve assigned in real-time is capped at the resource’s maximum available reserve capability less its energy
production.

291 See proposed Operating Agreement, Schedule 1, section 3.2.3A(f)(iv) at formula inputs C (day-ahead) and D
(real-time).

292 See proposed Operating Agreement, Schedule 1, section 3.2.3A(f)(iv) at formula inputs E (day-ahead) and F
(real-time).
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offline. However, resources may nonetheless be eligible for a Non-Synchronized Reserve lost
opportunity cost credit. Because the formula is cost minus revenues minus the Market Revenue
Neutrality Offset, the calculation can only result in a positive number if a resource’s real-time
clearing price credits are negative due to a decrease in its real-time assignment relative to its day-
ahead assignment and such credits are large enough that the calculations yields a positive value.
Stated another way, to receive a Non-Synchronized Reserve lost opportunity cost credit, the
resource must have had to buy out of its day-ahead Non-synchronized Reserve assignment at a
cost that exceeded its day-ahead clearing price credits, which would mean that the Real-time
Non-Synchronized Reserve Market Clearing Price was higher than the day-ahead clearing price.

D. PJM’s Simulations of its Proposal Show Intuitive Effects on Energy and
Market Reserve Price Formation.

As Mr. Keech explains in detail, PJM performed three simulations to measure the effects
of: (1) Case A —removing Tier 1 Synchronized Reserve and treating all Synchronized Reserve
as Tier 2;%% (2) Case B — same as Case A, but also re-solving the presumed day-ahead unit
commitment with the benefit of actual real-time operational data, but not adding in any other
aspect of PJM’s proposal;?** and (3) Case C — adjusting for all of PJM’s proposal (i.e., Tier 1
removal, new ORDCs, and day-ahead and real-time reserve market alignment) and re-solving the
presumed day-ahead unit commitment with the benefit of actual real-time operational data.?®®

Mr. Keech explains that adjusting the unit commitment, in Cases B and C, “remove[s]

99296

uncertainty from the unit commitment process and “is more optimal than Case A,” because

“there is less uneconomic supply running at costs above the LMP, higher market prices due to

293 Keech Aff. 1 28-37.
294 1d. 91 38-41.

2% 1d. 11 39-46.

2% 1d. 7 43.
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less price suppression, and significantly less uplift.”?®’ “To determine the effect of PIM’s
proposed ORDCs, the relevant cases to compare are Case B and Case C,”?*® and the “major
differences between [the results from] Cases B and C are the increases in committed reserve
amounts, reserve prices, and reserve revenues for suppliers.”?*® Mr. Keech finds these results to
be “intuitive given the change in the ORDC.”*® Based on these simulations “PJM estimates the
increase in energy and reserve market billing from its proposal to be approximately $556
million,” but “there will be offsetting savings that are not quantified here.”*** Mr. Keech
identifies some of those benefits, “including anticipated reductions in the capacity market costs
due to an increase in energy and reserve market revenues. Additionally, the energy and reserve
markets provide incentives for availability during all hours, flexibility, and a low incremental
cost of production.”®*? Notably, by creating a base case for comparison purposes that properly
accounts for the reduction in production cost that is derived by performing the full unit
commitment against actual net operational data rather than from changes to the PJM proposal,

the impact of PJM’s proposal drops from approximately $1.5 billion to $556 million.

27 1d. § 40.
298 1d. 1 43.
299 Keech Aff. | 44.
300 1d., § 44.
301 1d. 1 46.
302 1d. 1 46.
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The results of the simulations are shown in Figure 11 below

Figure 11. Effect of PJM’s Proposal®®

Case B Case C ‘ Case C

Case A with Full PJM Proposal with ‘ minus
Variable Unit Commitment Full Unit Commitment Case B Difference
Load Weighted LMP ($/MWh) 37.30 37.76 0.46 1.23%
Generator Energy Revenue ($M) 27,946 28,312 366 1.31%
Weighted Synchronized Reserve MCP ($/MWh) 2.58 7.89 5.31 205.81%
Weighted Non-Synchronized Reserve MCP 1.26 3.97 2.1 215.0%
($/MwWh)
Weighted Secondary Reserve MCP ($/MWh) N/A 0.00 N/A N/A
Hourly Average Cleared Synchronized Reserve 1,818 3,168 1,350 74.26%
(MW/hour)
Hourly Average Cleared Non-Synchronized 634 678 44 6.94%
Reserve (MW/hour)
Hourly Average Cleared Secondary Reserves N/A 1,943 N/A N/A
(MW/hour)
Hourly Average Cleared Total Reserve (MW/hour) 2,452 5,789 3,337 136.09%
Total Cleared Synchronized Reserve 15.5 26.9 11.4 73.55%
(millions MWh)
Total Cleared Non-Synchronized Reserve 5.4 5.8 0.4 7.41%
(millions MWh)
Total Cleared Secondary Reserve (millions MWh) N/A 16.6 N/A N/A
Reserve Revenue ($M) 46.8 235.9 189.1 404.06%
Uplift (§M)34 30.4 26.8 -3.60 -11.84%
Bid Production Cost ($M) 13,121 13,152 3 el
Total Energy and Reserve Market Revenues ($M) 27,993 28,548 555 1.98%

IV.  WAIVER AND EFFECTIVE DATE

PIM respectfully requests waiver of the Commission’s 120-day notice requirement in

section 35.3(a)(1) of its regulations®® to allow a requested effective date of June 1, 2020. Good

303 Keech Aff. 143, Table 5.

304 Uplift values reported with the simulations results are based on resources that are scheduled to operate in the
simulation but do not collect enough market revenues to cover their operating cost over the day. PJIM’s current
market rules perform this calculation over run segments. The implementation of segment-based make whole
payments is not performed in this calculation.
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cause exists to grant such waiver. This FPA section 205 filing is a companion to an FPA section
206 filing proposing identical changes to the PJM Operating Agreement. As a result, the
Commission will review the two integrated filings “pursuant to FPA section 206,”3% which
provides no timeframe for Commission action. Accordingly, waiver of the notice requirement is
appropriate here.

PJM respectfully requests an effective date of June 1, 2020, and Commission action by
December 15, 2019. In order to afford PJM sufficient time to implement the proposed revisions,
including the necessary software changes, PJM respectfully requests an order from the
Commission by no later than December 15, 2019.

V. COMMUNICATIONS

The following individuals are designated for inclusion on the official service list in this

proceeding and for receipt of any communications regarding this filing:

Craig Glazer Jennifer Tribulski

Vice President — Federal Government Policy  Associate General Counsel
PJM Interconnection, L.L.C. PJM Interconnection, L.L.C.
1200 G Street, N.W. 2750 Monroe Boulevard
Suite 600 Audubon, PA 19403
Washington, D.C. 20005 (610) 666-4363

(202) 202-423-4743 Jennifer.Tribulski@pjm.com

Craig.Glazer@pjm.com

35 18 C.F.R. § 35.3(a)(1).
308 PJM Interconnection, L.L.C., 156 FERC 1 61,180, at P 1 n.2 (2016).
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Paul M. Flynn Thomas DeVita

Ryan J. Collins Senior Counsel

Wright & Talisman, P.C. PJM Interconnection, L.L.C.
1200 G Street, N.W., Suite 600 2750 Monroe Blvd.
Washington, D.C. 20005 Audubon, PA 19403

(202) 393-1200 (phone) (610) 635-3042 (phone)
(202) 393-1240 (fax) (610) 666-8211 (fax)
flynn@wrightlaw.com Thomas.DeVita@pjm.com

collins@wrightlaw.com

VI. DOCUMENTS ENCLOSED
This filing consists of the following:
1. This transmittal letter;

2. Revisions to the PJM Tariff in redlined as Attachment A in electronic tariff filing
format as required by Order No. 714;

3. Revisions to the PJIM Tariff in non-redlined format Attachment B in electronic
tariff filing format as required by Order No. 714;

4. Affidavit of Drs. William W. Hogan and Susan L. Pope on Behalf of PJM, as
Attachment C;

5. Affidavit of Adam Keech on Behalf of PJM, as Attachment D;

6. Affidavit of Christopher Pilong on Behalf of PJM, as Attachment E; and

7. Affidavit of Dr. Patricio Rocha Garrido on behalf of PJM, as Attachment F.
VIl. 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,®” PJM will post a copy of this filing to the FERC filings
section of its internet site, located 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 e-

mail on the same date as this filing to all PIM members and all state utility regulatory

307 See 18 C.F.R. §§ 35.2(e) and 385.2010(f)(3).
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commissions in the PJIM Region alerting them that this filing has been made by PJM and is
available by following such link. PJM also serves the parties listed on the Commission’s official
service list for this docket. If the document is not immediately available by using the referenced
link, the document will be available through the referenced link within 24 hours of the filing.
Also, a copy of this filing will be available on the FERC’s eLibrary website located at the
following link: http://www.ferc.gov/docs-filing/elibrary.asp  in  accordance with the
Commission’s regulations and Order No. 714.

VIIl. CONCLUSION

Accordingly, PJM respectfully requests that the Commission find PJM’s proposed market
rule revisions are just and reasonable.

Respectfully submitted,

A~

Craig Glazer Jennifer Tribulski

Vice President — Federal Government Policy Associate General Counsel
PJM Interconnection, L.L.C. PJM Interconnection, L.L.C.
1200 G Street, N.W. 2750 Monroe Boulevard
Suite 600 Audubon, PA 19403
Washington, D.C. 20005 (610) 666-4363

(202) 202-423-4743 Jennifer.Tribulski@pjm.com
Craig.Glazer@pjm.com

Paul M. Flynn Thomas DeVita

Ryan J. Collins Senior Counsel

Wright & Talisman, P.C. PJM Interconnection, L.L.C.
1200 G Street, N.W., Suite 600 2750 Monroe Blvd.
Washington, D.C. 20005 Audubon, PA 19403

(202) 393-1200 (phone) (610) 635-3042 (phone)
(202) 393-1240 (fax) (610) 666-8211 (fax)
flynn@wrightlaw.com Thomas.DeVita@pjm.com

collins@wrightlaw.com
On behalf of
PJM Interconnection, L.L.C.

March 29, 2019
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Attachment A

Revisions to the PIJM Tariff
(Redline)



Definitions— A -B

30-minute Reserve:

“30-minute Reserve” shall mean the reserve capability of generation resources that can be
converted fully into energy or Economic Load Response Participant resources whose demand
can be reduced within 30 minutes of a request from the Office of the Interconnection dispatcher,
and is comprised of Synchronized Reserve, Non-Synchronized Reserve and Secondary Reserve.

30-minute Reserve Requirement:

“30-minute Reserve Requirement” shall mean the demand for 30-minute Reserve in a Reserve
Zone or Reserve Sub-zone, as defined by the Operating Reserve Demand Curve for 30-minute
Reserve. The requirement can be satisfied by any combination of Synchronized Reserve, Non-
Synchronized Reserve or Secondary Reserve resources.

Abnormal Condition:

“Abnormal Condition” shall mean any condition on the Interconnection Facilities which,
determined in accordance with Good Utility Practice, is: (i) outside normal operating parameters
such that facilities are operating outside their normal ratings or that reasonable operating limits
have been exceeded; and (ii) could reasonably be expected to materially and adversely affect the
safe and reliable operation of the Interconnection Facilities; but which, in any case, could
reasonably be expected to result in an Emergency Condition. Any condition or situation that
results from lack of sufficient generating capacity to meet load requirements or that results solely
from economic conditions shall not, standing alone, constitute an Abnormal Condition.

Acceleration Request:

“Acceleration Request” shall mean a request pursuant to Operating Agreement, Schedule 1,
section 1.9.4A, and the parallel provisions of Tariff, Attachment K-Appendix, section 1.9.4A, to
accelerate or reschedule a transmission outage scheduled pursuant to Operating Agreement,
Schedule 1, section 1.9.2 or Operating Agreement, Schedule 1, section 1.9.4, and the parallel
provisions of Tariff, Attachment K-Appendix, section 1.9.2 or Tariff, Attachment K-Appendix,
section 1.9.4.

Affected System:

“Affected System” shall mean an electric system other than the Transmission Provider’s
Transmission System that may be affected by a proposed interconnection or on which a proposed



interconnection or addition of facilities or upgrades may require modifications or upgrades to the
Transmission System.

Affected System Operator:

“Affected System Operator” shall mean an entity that operates an Affected System or, if the
Affected System is under the operational control of an independent system operator or a regional
transmission organization, such independent entity.

Affiliate:

”Affiliate” shall mean any two or more entities, one of which controls the other or that are under
common control. “Control” shall mean the possession, directly or indirectly, of the power to
direct the management or policies of an entity. Ownership of publicly-traded equity securities of
another entity shall not result in control or affiliation for purposes of the Tariff or Operating
Agreement if the securities are held as an investment, the holder owns (in its name or via
intermediaries) less than 10 percent of the outstanding securities of the entity, the holder does not
have representation on the entity’s board of directors (or equivalent managing entity) or vice
versa, and the holder does not in fact exercise influence over day-to-day management decisions.
Unless the contrary is demonstrated to the satisfaction of the Members Committee, control shall
be presumed to arise from the ownership of or the power to vote, directly or indirectly, ten
percent or more of the voting securities of such entity.

Agreements:

“Agreements” shall mean the Amended and Restated Operating Agreement of PJM
Interconnection, L.L.C., the PJM Open Access Transmission Tariff, the Reliability Assurance
Agreement, and/or other agreements between PJM Interconnection, L.L.C. and its Members.
Ancillary Services:

“Ancillary Services” shall mean those services that are necessary to support the transmission of
capacity and energy from resources to loads while maintaining reliable operation of the
Transmission Provider’s Transmission System in accordance with Good Utility Practice.

Annual Demand Resource:

“Annual Demand Resource” shall have the meaning specified in the Reliability Assurance
Agreement.

Annual Energy Efficiency Resource:

“Annual Energy Efficiency Resource” shall have the meaning specified in the Reliability
Assurance Agreement.

Annual Resource:



“Annual Resource” shall mean a Generation Capacity Resource, an Annual Energy Efficiency
Resource or an Annual Demand Resource.

Annual Resource Price Adder:

“Annual Resource Price Adder” shall mean, for Delivery Years starting June 1, 2014 and ending
May 31, 2017, an addition to the marginal value of Unforced Capacity and the Extended
Summer Resource Price Adder as necessary to reflect the price of Annual Resources required to
meet the applicable Minimum Annual Resource Requirement.

Annual Revenue Rate:

“Annual Revenue Rate” shall mean the rate employed to assess a compliance penalty charge on a
Curtailment Service Provider under Tariff, Attachment DD, section 11.

Annual Transmission Costs:

“Annual Transmission Costs” shall mean the total annual cost of the Transmission System for
purposes of Network Integration Transmission Service shall be the amount specified in
Attachment H for each Zone until amended by the applicable Transmission Owner or modified
by the Commission.

Applicable Laws and Regulations:

“Applicable Laws and Regulations” shall mean all duly promulgated applicable federal, State
and local laws, regulations, rules, ordinances, codes, decrees, judgments, directives, or judicial or
administrative orders, permits and other duly authorized actions of any Governmental Authority
having jurisdiction over the relevant parties, their respective facilities, and/or the respective
services they provide.

Applicable Regional Entity:

“Applicable Regional Entity” shall mean the Regional Entity for the region in which a Network
Customer, Transmission Customer, New Service Customer, or Transmission Owner operates.

Applicable Standards:

“Applicable Standards” shall mean the requirements and guidelines of NERC, the Applicable
Regional Entity, and the Control Area in which the Customer Facility is electrically located; the
PJM Manuals; and Applicable Technical Requirements and Standards.

Applicable Technical Requirements and Standards:

“Applicable Technical Requirements and Standards” shall mean those certain technical
requirements and standards applicable to interconnections of generation and/or transmission



facilities with the facilities of an Interconnected Transmission Owner or, as the case may be and
to the extent applicable, of an Electric Distributor, as published by Transmission Provider in a
PJM Manual provided, however, that, with respect to any generation facilities with maximum
generating capacity of 2 MW or less (synchronous) or 5 MW or less (inverter-based) for which
the Interconnection Customer executes a Construction Service Agreement or Interconnection
Service Agreement on or after March 19, 2005, “Applicable Technical Requirements and
Standards” shall refer to the “PJM Small Generator Interconnection Applicable Technical
Requirements and Standards.” All Applicable Technical Requirements and Standards shall be
publicly available through postings on Transmission Provider’s internet website.

Applicant:

“Applicant” shall mean an entity desiring to become a PJM Member, or to take Transmission
Service that has submitted the PJIMSettlement credit application, PJMSettlement credit
agreement and other required submittals as set forth in Tariff, Attachment Q.

Application:

“Application” shall mean a request by an Eligible Customer for transmission service pursuant to
the provisions of the Tariff.

Attachment Facilities:

“Attachment Facilities” shall mean the facilities necessary to physically connect a Customer
Facility to the Transmission System or interconnected distribution facilities.

Attachment H:

“Attachment H” shall refer collectively to the Attachments to the PJM Tariff with the prefix “H-
”” that set forth, among other things, the Annual Transmission Rates for Network Integration
Transmission Service in the PJIM Zones.

Auction Revenue Rights:

“Auction Revenue Rights” or “ARRs” shall mean the right to receive the revenue from the
Financial Transmission Right auction, as further described in Operating Agreement, Schedule 1,
section 7.4, and the parallel provisions of Tariff, Attachment K-Appendix, section 7.4.

Auction Revenue Rights Credits:

“Auction Revenue Rights Credits” shall mean the allocated share of total FTR auction revenues
or costs credited to each holder of Auction Revenue Rights, calculated and allocated as specified
in Operating Agreement, Schedule 1, section 7.4.3, and the parallel provisions of Tariff,
Attachment K-Appendix, section 7.4.3.

Authorized Government Agency:



“Authorized Government Agency” means a regulatory body or government agency, with
jurisdiction over PJM, the PJM Market, or any entity doing business in the PJIM Market,
including, but not limited to, the Commission, State Commissions, and state and federal
attorneys general.

Avoidable Cost Rate:

“Avoidable Cost Rate” shall mean a component of the Market Seller Offer Cap calculated in
accordance with Tariff, Attachment DD, section 6.

Balancing Congestion Charges:

“Balancing Congestion Charges” shall be equal to the sum of congestion charges collected from
Market Participants that are purchasing energy in the Real-time Energy Market minus [the sum
of congestion charges paid to Market Participants that are selling energy in the Real-time Energy
Market plus any congestion charges calculated pursuant to the Joint Operating Agreement
between the Midcontinent Independent Transmission System Operator, Inc. and PJIM
Interconnection, L.L.C. (PJM Rate Schedule FERC No. 38), plus any congestion charges
calculated pursuant to the Joint Operating Agreement Among and Between New York
Independent System Operator Inc. and PJM Interconnection, L.L.C. (PJM Rate Schedule FERC
No. 45), plus any congestion charges calculated pursuant to agreements between the Office of
the Interconnection and other entities, plus any charges or credits calculated pursuant to
Operating Agreement, Schedule 1, section 3.8, and the parallel provisions of Tariff, Attachment
K-Appendix, section 3.8, as applicable)].

Balancing Ratio:
“Balancing Ratio” shall have the meaning provided in Tariff, Attachment DD, section 10A.
Base Capacity Demand Resource:

“Base Capacity Demand Resource” shall have the meaning specified in the Reliability Assurance
Agreement.

Base Capacity Demand Resource Constraint:

“Base Capacity Demand Resource Constraint” for the PJM Region or an LDA, shall mean, for
the 2018/2019 and 2019/2020 Delivery Years, the maximum Unforced Capacity amount,
determined by PJM, of Base Capacity Demand Resources and Base Capacity Energy Efficiency
Resources that is consistent with the maintenance of reliability. As more fully set forth in the
PJM Manuals, PJM calculates the Base Capacity Demand Resource Constraint for the PJIM
Region or an LDA, by first determining a reference annual loss of load expectation (“LOLE”)
assuming no Base Capacity Resources, including no Base Capacity Demand Resources or Base
Capacity Energy Efficiency Resources. The calculation for the PJIM 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 Installed Reserve Margin 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 PJIM Region and LDA analyses, PJM then models the commitment of varying
amounts of Base Capacity Demand Resources and Base Capacity Energy Efficiency Resources
(displacing otherwise committed generation) as interruptible from June 1 through September 30
and unavailable the rest of the Delivery Year in question and calculates the LOLE at each DR
and EE level. The Base Capacity Demand Resource Constraint is the combined amount of Base
Capacity Demand Resources and Base Capacity Energy Efficiency Resources, stated as a
percentage of the unrestricted annual peak load, that produces no more than a five percent
increase in the LOLE, compared to the reference value. The Base Capacity Demand Resource
Constraint 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 forecasted peak load of the PJIM
Region or such LDA, reduced by the amount of load served under the FRR Alternative].

Base Capacity Demand Resource Price Decrement:

“Base Capacity Demand Resource Price Decrement” shall mean, for the 2018/2019 and
2019/2020 Delivery Years, a difference between the clearing price for Base Capacity Demand
Resources and Base Capacity Energy Efficiency Resources and the clearing price for Base
Capacity Resources and Capacity Performance Resources, representing the cost to procure
additional Base Capacity Resources or Capacity Performance Resources out of merit order when
the Base Capacity Demand Resource Constraint is binding.

Base Capacity Energy Efficiency Resource:

“Base Capacity Energy Efficiency Resource” shall have the meaning specified in the Reliability
Assurance Agreement.

Base Capacity Resource:

“Base Capacity Resource” shall mean a Capacity Resource as described in Tariff, Attachment
DD, section 5.5A(b).

Base Capacity Resource Constraint:

“Base Capacity Resource Constraint” for the PJM Region or an LDA, shall mean, for the
2018/2019 and 2019/2020 Delivery Years, the maximum Unforced Capacity amount, determined



by PJM, of Base Capacity Resources, including Base Capacity Demand Resources and Base
Capacity Energy Efficiency Resources, that is consistent with the maintenance of reliability. As
more fully set forth in the PJIM Manuals, PJM calculates the above Base Capacity Resource
Constraint for the PJIM Region or an LDA, by first determining a reference annual loss of load
expectation (“LOLE”) assuming no Base Capacity Resources, including no Base Capacity
Demand Resources or Base Capacity Energy Efficiency Resources. The calculation for the PIM
Region uses the weekly load distribution from the Installed Reserve Margin study for the
Delivery Year in question (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 weekly load distribution (based on the
Installed Reserve Margin study and 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 Installed Reserve Margin 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. Additionally,
for the PJM Region and relevant LDA calculation, the weekly capacity distributions are adjusted
to reflect winter ratings.

For both the PJM Region and LDA analyses, PJIM models the commitment of an amount of Base
Capacity Demand Resources and Base Capacity Energy Efficiency Resources equal to the Base
Capacity Demand Resource Constraint (displacing otherwise committed generation). PJM then
models the commitment of varying amounts of Base Capacity Resources (displacing otherwise
committed generation) as unavailable during the peak week of winter and available the rest of
the Delivery Year in question and calculates the LOLE at each Base Capacity Resource level.
The Base Capacity Resource Constraint is the combined amount of Base Capacity Demand
Resources, Base Capacity Energy Efficiency Resources and Base Capacity Resources, stated as a
percentage of the unrestricted annual peak load, that produces no more than a ten percent
increase in the LOLE, compared to the reference value. The Base Capacity Resource Constraint
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
[one minus the pool-wide average EFORd] times [the forecasted peak load of the PJIM Region or
such LDA, reduced by the amount of load served under the FRR Alternative].

Base Capacity Resource Price Decrement:

“Base Capacity Resource Price Decrement” shall mean, for the 2018/2019 and 2019/2020
Delivery Years, a difference between the clearing price for Base Capacity Resources and the
clearing price for Capacity Performance Resources, representing the cost to procure additional
Capacity Performance Resources out of merit order when the Base Capacity Resource Constraint
is binding.




Base Load Generation Resource

“Base Load Generation Resource” shall mean a Generation Capacity Resource that operates at
least 90 percent of the hours that it is available to operate, as determined by the Office of the
Interconnection in accordance with the PJIM Manuals.

Base Offer Segment:

“Base Offer Segment” shall mean a component of a Sell Offer based on an existing Generation
Capacity Resource, equal to the Unforced Capacity of such resource, as determined in
accordance with the PJIM Manuals. If the Sell Offers of multiple Market Sellers are based on a
single Existing Generation Capacity Resource, the Base Offer Segments of such Market Sellers
shall be determined pro rata based on their entitlements to Unforced Capacity from such
resource.

Base Residual Auction:

“Base Residual Auction” shall mean the auction conducted three years prior to the start of the
Delivery Year to secure commitments from Capacity Resources as necessary to satisfy any
portion of the Unforced Capacity Obligation of the PJIM Region not satisfied through Self-

Supply.

Batch Load Bemand-Economic Load Response Participant Resource:

“Batch Load Bemand-Economic Load Response Participant Resource” shall mean an Bemand
Economic Load Response Participant Rresource that has a cyclical production process such that
at most times during the process it is consuming energy, but at consistent regular intervals,
ordinarily for periods of less than ten minutes, it reduces its consumption of energy for its
production processes to minimal or zero megawatts.

Behind The Meter Generation:

“Behind The Meter Generation” shall refer to a generation unit that delivers energy to load
without using the Transmission System or any distribution facilities (unless the entity that owns
or leases the distribution facilities has consented to such use of the distribution facilities and such
consent has been demonstrated to the satisfaction of the Office of the Interconnection); provided,
however, that Behind The Meter Generation does not include (i) at any time, any portion of such
generating unit’s capacity that is designated as a Generation Capacity Resource; or (ii) in an
hour, any portion of the output of such generating unit that is sold to another entity for
consumption at another electrical location or into the PJM Interchange Energy Market.

Black Start Service:



“Black Start Service” shall mean the capability of generating units to start without an outside
electrical supply or the demonstrated ability of a generating unit with a high operating factor
(subject to Transmission Provider concurrence) to automatically remain operating at reduced
levels when disconnected from the grid.

Breach:

“Breach” shall mean the failure of a party to perform or observe any material term or condition
of Tariff, Part IV or Part VI, or any agreement entered into thereunder as described in the
relevant provisions of such agreement.

Breaching Party:

“Breaching Party” shall mean a party that is in Breach of Tariff, Part IV or Part VI and/or an
agreement entered into thereunder.

Business Day:

“Business Day” shall mean a day in which the Federal Reserve System is open for business and
is not a scheduled PJM holiday.

Buy Bid:

“Buy Bid” shall mean a bid to buy Capacity Resources in any Incremental Auction.



Definitions — C-D
Canadian Guaranty:

“Canadian Guaranty” shall mean a Corporate Guaranty provided by an Affiliate of a Participant
that is domiciled in Canada, and meets all of the provisions of Tariff, Attachment Q.

Cancellation Costs:

“Cancellation Costs” shall mean costs and liabilities incurred in connection with: (a) cancellation
of supplier and contractor written orders and agreements entered into to design, construct and
install Attachment Facilities, Direct Assignment Facilities and/or Customer-Funded Upgrades,
and/or (b) completion of some or all of the required Attachment Facilities, Direct Assignment
Facilities and/or Customer-Funded Upgrades, or specific unfinished portions and/or removal of
any or all of such facilities which have been installed, to the extent required for the Transmission
Provider and/or Transmission Owner(s) to perform their respective obligations under Tariff, Part
IV and/or Tariff, Part VI.

Capacity:

“Capacity” shall mean the installed capacity requirement of the Reliability Assurance Agreement
or similar such requirements as may be established.

Capacity Emergency Transfer Limit:

“Capacity Emergency Transfer Limit” or “CETL” shall have the meaning provided in the
Reliability Assurance Agreement.

Capacity Emergency Transfer Objective:

“Capacity Emergency Transfer Objective” or “CETO” shall have the meaning provided in the
Reliability Assurance Agreement.

Capacity Export Transmission Customer:

“Capacity Export Transmission Customer” shall mean a customer taking point to point
transmission service under Tariff, Part Il to export capacity from a generation resource located in
the PJM Region that has qualified for an exception to the RPM must-offer requirement as
described in Tariff, Attachment DD, section 6.6(g).

Capacity Import Limit:

“Capacity Import Limit” shall have the meaning provided in the Reliability Assurance
Agreement.

Capacity Interconnection Rights:



“Capacity Interconnection Rights” shall mean the rights to input generation as a Generation
Capacity Resource into the Transmission System at the Point of Interconnection where the
generating facilities connect to the Transmission System.

Capacity Market Buyer:

“Capacity Market Buyer” shall mean a Member that submits bids to buy Capacity Resources in
any Incremental Auction.

Capacity Market Seller:

“Capacity Market Seller” shall mean a Member that owns, or has the contractual authority to
control the output or load reduction capability of, a Capacity Resource, that has not transferred
such authority to another entity, and that offers such resource in the Base Residual Auction or an
Incremental Auction.

Capacity Performance Resource:

“Capacity Performance Resource” shall mean a Capacity Resource as described in Tariff,
Attachment DD, section 5.5A(a).

Capacity Performance Transition Incremental Auction:

“Capacity Performance Transition Incremental Auction” shall have the meaning specified in
Tariff, Attachment DD, section 5.14D.

Capacity Resource:

“Capacity Resource” shall have the meaning provided in the Reliability Assurance Agreement.
Capacity Resource Clearing Price:

“Capacity Resource Clearing Price” shall mean the price calculated for a Capacity Resource that
offered and cleared in a Base Residual Auction or Incremental Auction, in accordance with
Tariff, Attachment DD, section 5.

Capacity Storage Resource:

“Capacity Storage Resource” shall mean any Energy Storage Resource that participates in the
Reliability Pricing Model or is otherwise treated as capacity in PJM’s markets such as through a

Fixed Resource Requirement Capacity Plan.

Capacity Transfer Right:



“Capacity Transfer Right” shall mean a right, allocated to LSEs serving load in a Locational
Deliverability Area, to receive payments, based on the transmission import capability into such
Locational Deliverability Area, that offset, in whole or in part, the charges attributable to the
Locational Price Adder, if any, included in the Zonal Capacity Price calculated for a Locational
Delivery Area.

Capacity Transmission Injection Rights:

“Capacity Transmission Injection Rights” shall mean the rights to schedule energy and capacity
deliveries at a Point of Interconnection of a Merchant Transmission Facility with the
Transmission System. Capacity Transmission Injection Rights may be awarded only to a
Merchant D.C. Transmission Facility and/or Controllable A.C. Merchant Transmission Facilities
that connects the Transmission System to another control area. Deliveries scheduled using
Capacity Transmission Injection Rights have rights similar to those under Firm Point-to-Point
Transmission Service or, if coupled with a generating unit external to the PJIM Region that
satisfies all applicable criteria specified in the PJIM Manuals, similar to Capacity Interconnection
Rights.

Cold/Warm/Hot Notification Time:

“Cold/Warm/Hot Notification Time” shall mean the time interval between PJM notification and
the beginning of the start sequence for a generating unit that is currently in its cold/warm/hot
temperature state. The start sequence may include steps such as any valve operation, starting feed
water pumps, startup of auxiliary equipment, etc.

Cold/Warm/Hot Start-up Time:

For all generating units that are not combined cycle units, “Cold/Warm/Hot Start-up Time” shall
mean the time interval, measured in hours, from the beginning of the start sequence to the point
after generator breaker closure, which is typically indicated by telemetered or aggregated State
Estimator megawatts greater than zero for a generating unit in its cold/warm/hot temperature
state. For combined cycle units, “Cold/Warm/Hot Start-up Time” shall mean the time interval
from the beginning of the start sequence to the point after first combustion turbine generator
breaker closure in its cold/warm/hot temperature state, which is typically indicated by
telemetered or aggregated State Estimator megawatts greater than zero. For all generating units,
the start sequence may include steps such as any valve operation, starting feed water pumps,
startup of auxiliary equipment, etc. Other more detailed actions that could signal the beginning of
the start sequence could include, but are not limited to, the operation of pumps, condensers, fans,
water chemistry evaluations, checklists, valves, fuel systems, combustion turbines, starting
engines or systems, maintaining stable fuel/air ratios, and other auxiliary equipment necessary
for startup.

Cold Weather Alert:



“Cold Weather Alert” shall mean the notice that PJM provides to PIM Members, Transmission
Owners, resource owners and operators, customers, and regulators to prepare personnel and
facilities for expected extreme cold weather conditions.

Collateral:

“Collateral” shall be a cash deposit, including any interest, or letter of credit in an amount and
form determined by and acceptable to PJIMSettlement, provided by a Participant to
PJMSettlement as security in order to participate in the PJM Markets or take Transmission
Service.

Collateral Call:

“Collateral Call” shall mean a notice to a Participant that additional Collateral, or possibly early
payment, is required in order to remain in, or to regain, compliance with Tariff, Attachment Q.

Commencement Date:

“Commencement Date” shall mean the date on which Interconnection Service commences in
accordance with an Interconnection Service Agreement.

Committed Offer:

The “Committed Offer” shall mean 1) for pool-scheduled resources, an offer on which a resource
was scheduled by the Office of the Interconnection for a particular clock hour for an Operating
Day, and 2) for self-scheduled resources, either the offer on which the Market Seller has elected
to schedule the resource or the applicable offer for the resource determined pursuant to Operating
Agreement, Schedule 1, section 6.4, or Operating Agreement, Schedule 1, section 6.6 for a
particular clock hour for an Operating Day.

Completed Application:

“Completed Application” shall mean an application that satisfies all of the information and other
requirements of the Tariff, including any required deposit.

Compliance Aggregation Area (CAA):

“Compliance Aggregation Area” or “CAA” shall mean a geographic area of Zones or sub-Zones
that are electrically-contiguous and experience for the relevant Delivery Year, based on Resource
Clearing Prices of, for Delivery Years through May 31, 2018, Annual Resources and for the
2018/2019 Delivery Year and subsequent Delivery Years, Capacity Performance Resources, the
same locational price separation in the Base Residual Auction, the same locational price
separation in the First Incremental Auction, the same locational price separation in the Second
Incremental Auction, the same locational price separation in the Third Incremental Auction.

Conditional Incremental Auction:



“Conditional Incremental Auction” shall mean an Incremental Auction conducted for a Delivery
Year if and when necessary to secure commitments of additional capacity to address reliability
criteria violations arising from the delay in a Backbone Transmission upgrade that was modeled
in the Base Residual Auction for such Delivery Year.

CONE Area:

“CONE Area” shall mean the areas listed in Tariff, Attachment DD, section 5.10(a)(iv)(A) and
any LDAs established as CONE Areas pursuant to Tariff, Attachment DD, section
5.10(a)(iv)(B).

Confidential Information:

“Confidential Information” shall mean any confidential, proprietary, or trade secret information
of a plan, specification, pattern, procedure, design, device, list, concept, policy, or compilation
relating to the present or planned business of a New Service Customer, Transmission Owner, or
other Interconnection Party or Construction Party, which is designated as confidential by the
party supplying the information, whether conveyed verbally, electronically, in writing, through
inspection, or otherwise, and shall include, without limitation, all information relating to the
producing party’s technology, research and development, business affairs and pricing, and any
information supplied by any New Service Customer, Transmission Owner, or other
Interconnection Party or Construction Party to another such party prior to the execution of an
Interconnection Service Agreement or a Construction Service Agreement.

Congestion Price:

“Congestion Price” shall mean the congestion component of the Locational Marginal Price,
which is the effect on transmission congestion costs (whether positive or negative) associated
with increasing the output of a generation resource or decreasing the consumption by a Demand
Resource, based on the effect of increased generation from or consumption by the resource on
transmission line loadings, calculated as specified in Operating Agreement, Schedule 1, section
2, and the parallel provisions of Tariff, Attachment K-Appendix, section 2.

Consolidated Transmission Owners Agreement, PJM Transmission Owners Agreement or
Transmission Owners Agreement:

“Consolidated Transmission Owners Agreement,” “PJM Transmission Owners Agreement” or
“Transmission Owners Agreement” shall mean the certain Consolidated Transmission Owners
Agreement dated as of December 15, 2005, by and among the Transmission Owners and by and
between the Transmission Owners and PJM Interconnection, L.L.C. on file with the
Commission, as amended from time to time.

Constraint Relaxation Logic:



“Constraint Relaxation Logic” shall mean the logic applied in the market clearing software
where the transmission limit is increased to prevent the Transmission Constraint Penalty Factor
from setting the Marginal Value of a transmission constraint.

Constructing Entity:

“Constructing Entity” shall mean either the Transmission Owner or the New Services Customer,
depending on which entity has the construction responsibility pursuant to Tariff, Part VI and the
applicable Construction Service Agreement; this term shall also be used to refer to an
Interconnection Customer with respect to the construction of the Customer Interconnection
Facilities.

Construction Party:

“Construction Party” shall mean a party to a Construction Service Agreement. “Construction
Parties” shall mean all of the Parties to a Construction Service Agreement.

Construction Service Agreement:

“Construction Service Agreement” shall mean either an Interconnection Construction Service
Agreement or an Upgrade Construction Service Agreement.

Control Area:
“Control Area” shall mean an electric power system or combination of electric power systems
bounded by interconnection metering and telemetry to which a common automatic generation
control scheme is applied in order to:

1) match the power output of the generators within the electric power system(s) and
energy purchased from entities outside the electric power system(s), with the load within the
electric power system(s);

2) maintain scheduled interchange with other Control Areas, within the limits of
Good Utility Practice;

3) maintain the frequency of the electric power system(s) within reasonable limits in
accordance with Good Utility Practice; and

4) provide sufficient generating capacity to maintain operating reserves in
accordance with Good Utility Practice.

Control Zone:
“Control Zone” shall have the meaning given in the Operating Agreement.

Controllable A.C. Merchant Transmission Facilities:



“Controllable A.C. Merchant Transmission Facilities” shall mean transmission facilities that (1)
employ technology which Transmission Provider reviews and verifies will permit control of
the amount and/or direction of power flow on such facilities to such extent as to effectively
enable the controllable facilities to be operated as if they were direct current transmission
facilities, and (2) that are interconnected with the Transmission System pursuant to Tariff, Part
IV and Tariff, Part VI.

Coordinated External Transaction:

“Coordinated External Transaction” shall mean a transaction to simultaneously purchase and sell
energy on either side of a CTS Enabled Interface in accordance with the procedures of Operating
Agreement, Schedule 1, section 1.13, and the parallel provisions of Tariff, Attachment K-
Appendix, section 1.13.

Coordinated Transaction Scheduling:

“Coordinated Transaction Scheduling” or “CTS” shall mean the scheduling of Coordinated
External Transactions at a CTS Enabled Interface in accordance with the procedures of
Operating Agreement, Schedule 1, section 1.13, and the parallel provisions of Tariff, Attachment
K-Appendix, section 1.13.

Corporate Guaranty:

“Corporate Guaranty” shall mean a legal document used by an entity to guaranty the obligations
of another entity.

Cost of New Entry:

“Cost of New Entry” or “CONE” shall mean the nominal levelized cost of a Reference Resource,
as determined in accordance with Tariff, Attachment DD, section 5.

Costs:

As used in Tariff, Part IV, Tariff, Part VI and related attachments, “Costs” shall mean costs and
expenses, as estimated or calculated, as applicable, including, but not limited to, capital
expenditures, if applicable, and overhead, return, and the costs of financing and taxes and any
Incidental Expenses.

Counterparty:

“Counterparty” shall mean PJMSettlement as the contracting party, in its name and own right
and not as an agent, to an agreement or transaction with a Market Participant or other entities,
including the agreements and transactions with customers regarding transmission service and
other transactions under the PJM Tariff and the Operating Agreement. PIJMSettlement shall not
be a counterparty to (i) any bilateral transactions between Members, or (ii) any Member’s self-



supply of energy to serve its load, or (iii) any Member’s self-schedule of energy reported to the
Office of the Interconnection to the extent that energy serves that Member’s own load .

Credit Available for Export Transactions:

“Credit Available for Export Transactions” shall mean a designation of credit to be used for
Export Transactions that is allocated by each Market Participant from its Credit Available for
Virtual Transactions, and which reduces the Market Participant's Credit Available for Virtual
Transactions accordingly.

Credit Available for Virtual Transactions:

“Credit Available for Virtual Transactions” shall mean the Market Participant’s Working Credit
Limit for Virtual Transactions calculated on its credit provided in compliance with its Peak
Market Activity requirement plus available credit submitted above that amount, less any unpaid
billed and unbilled amounts owed to PJMSettlement, plus any unpaid unbilled amounts owed by
PJMSettlement to the Market Participant, less any applicable credit required for Minimum
Participation Requirements, FTRs, RPM activity, or other credit requirement determinants as
defined in Tariff, Attachment Q.

Credit Breach:

“Credit Breach” shall mean the status of a Participant that does not currently meet the
requirements of Tariff, Attachment Q or other provisions of the Agreements.

Credit-Limited Offer:

“Credit-Limited Offer” shall mean a Sell Offer that is submitted by a Market Participant in an
RPM Auction subject to a maximum credit requirement specified by such Market Participant.

Credit Score:

“Credit Score” shall mean a composite numerical score scaled from 0-100 as calculated by
PJMSettlement that incorporates various predictors of creditworthiness.

CTS Enabled Interface:

“CTS Enabled Interface” shall mean an interface between the PJM Control Area and an adjacent
Control Area at which the Office of the Interconnection has authorized the use of Coordinated
Transaction Scheduling (“CTS”). The CTS Enabled Interfaces between the PJM Control Area
and the New York Independent System Operator, Inc. Control Area shall be designated in the
Joint Operating Agreement Among and Between New York Independent System Operator Inc.
and PJM Interconnection, L.L.C., Schedule A (PJM Rate Schedule FERC No. 45). The CTS
Enabled Interfaces between the PJIM Control Area and the Midcontinent Independent System
Operator, Inc. shall be designated consistent with Attachment 3, section 2 of the Joint Operating



Agreement between Midcontinent Independent System Operator, Inc. and PJM Interconnection,
L.L.C.

CTS Interface Bid:

“CTS Interface Bid” shall mean a unified real-time bid to simultaneously purchase and sell
energy on either side of a CTS Enabled Interface in accordance with the procedures of Operating
Agreement, Schedule 1, section 1.13, and the parallel provisions of Tariff, Attachment K-
Appendix, section 1.13.

Curtailment:

“Curtailment” shall mean a reduction in firm or non-firm transmission service in response to a
transfer capability shortage as a result of system reliability conditions.

Curtailment Service Provider:

“Curtailment Service Provider” or “CSP” shall mean a Member or a Special Member, which
action on behalf of itself or one or more other Members or non-Members, participates in the PJIM
Interchange Energy Market, Ancillary Services markets, and/or Reliability Pricing Model by
causing a reduction in demand.

Customer Facility:

“Customer Facility” shall mean generation facilities or Merchant Transmission Facilities
interconnected with or added to the Transmission System pursuant to an Interconnection Request
under Tariff, Part IV, subpart A.

Customer-Funded Upgrade:

“Customer-Funded Upgrade” shall mean any Network Upgrade, Local Upgrade, or Merchant
Network Upgrade for which cost responsibility (i) is imposed on an Interconnection Customer or
an Eligible Customer pursuant to Tariff, Part VI, section 217, or (ii) is voluntarily undertaken by
a New Service Customer in fulfillment of an Upgrade Request. No Network Upgrade, Local
Upgrade or Merchant Network Upgrade or other transmission expansion or enhancement shall be
a Customer-Funded Upgrade if and to the extent that the costs thereof are included in the rate
base of a public utility on which a regulated return is earned.

Customer Interconnection Facilities:

“Customer Interconnection Facilities” shall mean all facilities and equipment owned and/or
controlled, operated and maintained by Interconnection Customer on Interconnection Customer’s
side of the Point of Interconnection identified in the appropriate appendices to the
Interconnection Service Agreement and to the Interconnection Construction Service Agreement,
including any modifications, additions, or upgrades made to such facilities and equipment, that



are necessary to physically and electrically interconnect the Customer Facility with the
Transmission System.

Daily Deficiency Rate:

“Daily Deficiency Rate” shall mean the rate employed to assess certain deficiency charges under
Tariff, Attachment DD, section 7, Tariff, Attachment DD, section 8, Tariff, Attachment DD,
section 9, or Tariff, Attachment DD, section 13.

Daily Unforced Capacity Obligation:

“Daily Unforced Capacity Obligation” shall mean the capacity obligation of a Load Serving
Entity during the Delivery Year, determined in accordance with Reliability Assurance
Agreement, Schedule 8, or, as to an FRR entity, in Reliability Assurance Agreement, Schedule
8.1.

Day-ahead Congestion Price:

“Day-ahead Congestion Price” shall mean the Congestion Price resulting from the Day-ahead
Energy Market.

Day-ahead Energy Market:

“Day-ahead Energy Market” shall mean the schedule of commitments for the purchase or sale of
energy and payment of Transmission Congestion Charges developed by the Office of the
Interconnection as a result of the offers and specifications submitted in accordance with
Operating Agreement, Schedule 1, section 1.10 and the parallel provisions of Tariff, Attachment
K-Appendix, section 1.10.

Day-ahead Energy Market Injection Congestion Credits:

“Day-ahead Energy Market Injection Congestion Credits” shall mean those congestion credits
paid to Market Participants for supply transactions in the Day-ahead Energy Market including
generation schedules, Increment Offers, Up-to Congestion Transactions, import transactions, and
Day-Ahead Pseudo-Tie Transactions.

Day-ahead Energy Market Transmission Congestion Charges:

“Day-ahead Energy Market Transmission Congestion Charges” shall be equal to the sum of Day-
ahead Energy Market Withdrawal Congestion Charges minus [the sum of Day-ahead Energy
Market Injection Congestion Credits plus any congestion charges calculated pursuant to the Joint
Operating Agreement between the Midcontinent Independent Transmission System Operator,
Inc. and PJM Interconnection, L.L.C. (PJM Rate Schedule FERC No. 38), plus any congestion
charges calculated pursuant to the Joint Operating Agreement Among and Between New York
Independent System Operator Inc. and PJM Interconnection, L.L.C. (PJM Rate Schedule FERC



No. 45), plus any congestion charges calculated pursuant to agreements between the Office of
the Interconnection and other entities, as applicable)].

Day-ahead Energy Market Withdrawal Congestion Charges:

“Day-ahead Energy Market Withdrawal Congestion Charges” shall mean those congestion
charges collected from Market Participants for withdrawal transactions in the Day-ahead Energy
Market from transactions including Demand Bids, Decrement Bids, Up-to Congestion
Transactions, Export Transactions, and Day-Ahead Pseudo-Tie Transactions.

Day-ahead Loss Price:

“Day-ahead Loss Price” shall mean the Loss Price resulting from the Day-ahead Energy Market.

Day-ahead Prices:

“Day-ahead Prices” shall mean the Locational Marginal Prices resulting from the Day-ahead
Energy Market.

Day-Ahead Pseudo-Tie Transaction:

“Day-Ahead Pseudo-Tie Transaction” shall mean a transaction scheduled in the Day-ahead
Energy Market to the PIM-MISO interface from a generator within the PJM balancing authority
area that Pseudo-Ties into the MISO balancing authority area.




Day-ahead Settlement Interval:

“Day-ahead Settlement Interval” shall mean the interval used by settlements, which shall be
every one clock hour.

Day-ahead System Energy Price:

“Day-ahead System Energy Price” shall mean the System Energy Price resulting from the Day-
ahead Energy Market.

Deactivation:

“Deactivation” shall mean the retirement or mothballing of a generating unit governed by Tariff,
Part V.

Deactivation Avoidable Cost Credit:

“Deactivation Avoidable Cost Credit” shall mean the credit paid to Generation Owners pursuant
to Tariff, Part V, section 114.

Deactivation Avoidable Cost Rate:

“Deactivation Avoidable Cost Rate” shall mean the formula rate established pursuant to Tariff,
Part V, section 115 .

Deactivation Date:

“Deactivation Date” shall mean the date a generating unit within the PJM Region is either retired
or mothballed and ceases to operate.

Decrement Bid:

“Decrement Bid” shall mean a type of Virtual Transaction that is a bid to purchase energy at a
specified location in the Day-ahead Energy Market. A cleared Decrement Bid results in
scheduled load at the specified location in the Day-ahead Energy Market.

Default:

As used in the Interconnection Service Agreement and Construction Service Agreement,
“Default” shall mean the failure of a Breaching Party to cure its Breach in accordance with the
applicable provisions of an Interconnection Service Agreement or Construction Service
Agreement.



Delivering Party:

“Delivering Party” shall mean the entity supplying capacity and energy to be transmitted at
Point(s) of Receipt.

Delivery Year:

“Delivery Year” shall mean the Planning Period for which a Capacity Resource is committed
pursuant to the auction procedures specified in Tariff, Attachment DD, or pursuant to an FRR
Capacity Plan under Reliability Assurance Agreement, Schedule 8.1.

Demand Bid:

“Demand Bid” shall mean a bid, submitted by a Load Serving Entity in the Day-ahead Energy
Market, to purchase energy at its contracted load location, for a specified timeframe and
megawatt quantity, that if cleared will result in energy being scheduled at the specified location
in the Day-ahead Energy Market and in the physical transfer of energy during the relevant
Operating Day.

Demand Bid Limit:

“Demand Bid Limit” shall mean the largest MW volume of Demand Bids that may be submitted
by a Load Serving Entity for any hour of an Operating Day, as determined pursuant to Operating
Agreement, Schedule 1, section 1.10.1B, and the parallel provisions of Tariff, Attachment K-
Appendix, section 1.10.1B.

Demand Bid Screening:

“Demand Bid Screening” shall mean the process by which Demand Bids are reviewed against
the applicable Demand Bid Limit, and rejected if they would exceed that limit, as determined
pursuant to Operating Agreement, Schedule 1, section 1.10.1B, and the parallel provisions of
Tariff, Attachment K-Appendix, section 1.10.1B.

Demand Resource:

“Demand Resource” shall mean a resource with the capability to provide a reduction in demand.

Demand Resource Factor or DR Factor:

“Demand Resource Factor” or (“DR Factor”) shall have the meaning specified in the Reliability
Assurance Agreement.

Designated Agent:



“Designated Agent” shall mean any entity that performs actions or functions on behalf of the
Transmission Provider, a Transmission Owner, an Eligible Customer, or the Transmission
Customer required under the Tariff.

Designated Entity:

“Designated Entity” shall have the same meaning provided in the Operating Agreement.
Direct Assignment Facilities:

“Direct Assignment Facilities” shall mean facilities or portions of facilities that are constructed
for the sole use/benefit of a particular Transmission Customer requesting service under the
Tariff. Direct Assignment Facilities shall be specified in the Service Agreement that governs
service to the Transmission Customer and shall be subject to Commission approval.

Direct Charging Energy:

“Direct Charging Energy” shall mean the energy that an Energy Storage Resource purchases
from the PIM Interchange Energy Market and (i) later resells to the PJM Interchange Energy
Market; or (ii) is lost to conversion inefficiencies, provided that such inefficiencies are an
unavoidable component of the conversion, storage, and discharge process that is used to resell
energy back to the PJM Interchange Energy Market.

Direct Load Control:

“Direct Load Control” shall mean load reduction that is controlled directly by the Curtailment
Service Provider’s market operations center or its agent, in response to PJM instructions.

Dispatch Rate:

“Dispatch Rate” shall mean the control signal, expressed in dollars per megawatt-hour,
calculated and transmitted continuously and dynamically to direct the output level of all
generation resources dispatched by the Office of the Interconnection in accordance with the
Offer Data.

Dispatched Charging Energy:

“Dispatched Charging Energy” shall mean Direct Charging Energy that an Energy Storage
Resource Model Participant receives from the electric grid pursuant to PJM dispatch while
providing a service in the PJIM markets.

Dynamic Schedule:

“Dynamic Schedule” shall have the same meaning provided in the Operating Agreement.

Dynamic Transfer:



“Dynamic Transfer” shall have the same meaning provided in the Operating Agreement.



Definitions —E - F
Economic-based Enhancement or Expansion:

“Economic-based Enhancement or Expansion” shall have the same meaning provided in the
Operating Agreement.

Economic Load Response Participant:

“Economic Load Response Participant” shall mean a Member or Special Member that qualifies
under Operating Agreement, Schedule 1, section 1.5A, and the parallel provisions of Tariff,
Attachment K-Appendix, section 1.5A, to participate in the PJM Interchange Energy Market
and/or Ancillary Services markets through reductions in demand.

Economic Maximum:

“Economic Maximum” shall mean the highest incremental MW output level, submitted to PJM
market systems by a Market Participant, that a unit can achieve while following economic
dispatch.

Economic Minimum:

“Economic Minimum” shall mean the lowest incremental MW output level, submitted to PJM
market systems by a Market Participant, that a unit can achieve while following economic
dispatch.

Effective FTR Holder:
“Effective FTR Holder” shall mean:

(i) Foran FTR Holder that is either a (a) privately held company, or (b) a municipality or
electric cooperative, as defined in the Federal Power Act, such FTR Holder, together with
any Affiliate, subsidiary or parent of the FTR Holder, any other entity that is under common
ownership, wholly or partly, directly or indirectly, or has the ability to influence, directly or
indirectly, the management or policies of the FTR Holder; or

(ii) For an FTR Holder that is a publicly traded company including a wholly owned
subsidiary of a publicly traded company, such FTR Holder, together with any Affiliate,
subsidiary or parent of the FTR Holder, any other PJIM Member has over 10% common
ownership with the FTR Holder, wholly or partly, directly or indirectly, or has the ability to
influence, directly or indirectly, the management or policies of the FTR Holder; or

(i) an FTR Holder together with any other PJM Member, including also any Affiliate,
subsidiary or parent of such other PIM Member, with which it shares common ownership,
wholly or partly, directly or indirectly, in any third entity which is a PJIM Member (e.g., a
joint venture).



EFORd:
“EFORA” shall have the meaning specified in the PJM Reliability Assurance Agreement.
Electrical Distance:

“Electrical Distance” shall mean, for a Generation Capacity Resource geographically located
outside the metered boundaries of the PJIM Region, the measure of distance, based on impedance
and in accordance with the PJM Manuals, from the Generation Capacity Resource to the PJIM
Region.

Eligible Customer:
“Eligible Customer” shall mean:

(i) Any electric utility (including any Transmission Owner and any power marketer), Federal
power marketing agency, or any person generating electric energy for sale for resale is an
Eligible Customer under the Tariff. Electric energy sold or produced by such entity may be
electric energy produced in the United States, Canada or Mexico. However, with respect to
transmission service that the Commission is prohibited from ordering by Section 212(h) of the
Federal Power Act, such entity is eligible only if the service is provided pursuant to a state
requirement that the Transmission Provider or Transmission Owner offer the unbundled
transmission service, or pursuant to a voluntary offer of such service by a Transmission Owner.

(if) Any retail customer taking unbundled transmission service pursuant to a state requirement
that the Transmission Provider or a Transmission Owner offer the transmission service, or
pursuant to a voluntary offer of such service by a Transmission Owner, is an Eligible Customer
under the Tariff. As used in Tariff, Part VI, Eligible Customer shall mean only those Eligible
Customers that have submitted a Completed Application.

Emergency Action:

“Emergency Action” shall mean any emergency action for locational or system-wide capacity
shortages that either utilizes pre-emergency mandatory load management reductions or other
emergency capacity, or initiates a more severe action including, but not limited to, a VVoltage
Reduction Warning, Voltage Reduction Action, Manual Load Dump Warning, or Manual Load
Dump Action.

Emergency Condition:

“Emergency Condition” shall mean a condition or situation (i) that in the judgment of any
Interconnection Party is imminently likely to endanger life or property; or (ii) that in the
judgment of the Interconnected Transmission Owner or Transmission Provider is imminently
likely (as determined in a non-discriminatory manner) to cause a material adverse effect on the



security of, or damage to, the Transmission System, the Interconnection Facilities, or the
transmission systems or distribution systems to which the Transmission System is directly or
indirectly connected; or (iii) that in the jJudgment of Interconnection Customer is imminently
likely (as determined in a non-discriminatory manner) to cause damage to the Customer Facility
or to the Customer Interconnection Facilities. System restoration and black start shall be
considered Emergency Conditions, provided that a Generation Interconnection Customer is not
obligated by an Interconnection Service Agreement to possess black start capability. Any
condition or situation that results from lack of sufficient generating capacity to meet load
requirements or that results solely from economic conditions shall not constitute an Emergency
Condition, unless one or more of the enumerated conditions or situations identified in this
definition also exists.

Emergency Load Response Program:

“Emergency Load Response Program” shall mean the program by which Curtailment Service
Providers may be compensated by PJM for Demand Resources that will reduce load when
dispatched by PJM during emergency conditions, and is described in Operating Agreement,
Schedule 1, section 8 and the parallel provisions of Tariff, Attachment K-Appendix, section 8.

Energy Efficiency Resource:
“Energy Efficiency Resource” shall have the meaning specified in the PJM Reliability Assurance
Agreement.

Energy Market Opportunity Cost:

“Energy Market Opportunity Cost” shall mean the difference between (a) the forecasted cost to
operate a specific generating unit when the unit only has a limited number of available run hours
due to limitations imposed on the unit by Applicable Laws and Regulations, and (b) the
forecasted future Locational Marginal Price at which the generating unit could run while not
violating such limitations. Energy Market Opportunity Cost therefore is the value associated
with a specific generating unit’s lost opportunity to produce energy during a higher valued period
of time occurring within the same compliance period, which compliance period is determined by
the applicable regulatory authority and is reflected in the rules set forth in PJM Manual 15.
Energy Market Opportunity Costs shall be limited to those resources which are specifically
delineated in Operating Agreement, Schedule 2.

Energy Resource:

“Energy Resource” shall mean a generating facility that is not a Capacity Resource.

Energy Settlement Area:

“Energy Settlement Area” shall mean the bus or distribution of busses that represents the
physical location of Network Load and by which the obligations of the Network Customer to

PJM are settled.

Energy Storage Resource:



“Energy Storage Resource” shall mean a resource capable of receiving electric energy from the
grid and storing it for later injection to the grid that participates in the PJM Energy, Capacity
and/or Ancillary Services markets as a Market Participant.

Energy Storage Resource Model Participant:

“Energy Storage Resource Model Participant” shall mean an Energy Storage Resource utilizing
the Energy Storage Resource Participation Model.

Energy Storage Resource Participation Model:

“Energy Storage Resource Participation Model” shall mean the participation model accepted by
the Commission in Docket No. ER19-XXX-000.

Energy Transmission Injection Rights:

“Energy Transmission Injection Rights” shall mean the rights to schedule energy deliveries at a
specified point on the Transmission System. Energy Transmission Injection Rights may be
awarded only to a Merchant D.C. Transmission Facility that connects the Transmission System
to another control area. Deliveries scheduled using Energy Transmission Injection Rights have
rights similar to those under Non-Firm Point-to-Point Transmission Service.

Environmental Laws:

“Environmental Laws” shall mean applicable Laws or Regulations relating to pollution or
protection of the environment, natural resources or human health and safety.

Environmentally-Limited Resource:

“Environmentally-Limited Resource” shall mean a resource which has a limit on its run hours
imposed by a federal, state, or other governmental agency that will significantly limit its
availability, on either a temporary or long-term basis. This includes a resource that is limited by a
governmental authority to operating only during declared PJM capacity emergencies.

Equivalent Load:

“Equivalent Load” shall mean the sum of a Market Participant’s net System requirements to
serve its customer load in the PJIM Region, if any, plus its net bilateral transactions.

Existing Generation Capacity Resource:

“Existing Generation Capacity Resource” shall have the meaning specified in the Reliability
Assurance Agreement.

Export Credit Exposure:



“Export Credit Exposure” is determined for each Market Participant for a given Operating Day,
and shall mean the sum of credit exposures for the Market Participant’s Export Transactions for
that Operating Day and for the preceding Operating Day.

Export Nodal Reference Price:

“Export Nodal Reference Price” at each location is the 97th percentile, shall be, the real-time
hourly integrated price experienced over the corresponding two-month period in the preceding
calendar year, calculated separately for peak and off-peak time periods. The two-month time
periods used in this calculation shall be January and February, March and April, May and June,
July and August, September and October, and November and December.

Export Transaction:

“Export Transaction” shall be a transaction by a Market Participant that results in the transfer of
energy from within the PJM Control Area to outside the PJM Control Area. Coordinated
External Transactions that result in the transfer of energy from the PJIM Control Area to an
adjacent Control Area are one form of Export Transaction.

Export Transaction Price Factor:

“Export Transaction Price Factor” for a prospective time interval shall be the greater of (i) PJIM’s
forecast price for the time interval, if available, or (ii) the Export Nodal Reference Price, but
shall not exceed the Export Transaction’s dispatch ceiling price cap, if any, for that time interval.
The Export Transaction Price Factor for a past time interval shall be calculated in the same
manner as for a prospective time interval, except that the Export Transaction Price Factor may
use a tentative or final settlement price, as available. If an Export Nodal Reference Price is not
available for a particular time interval, PJM may use an Export Transaction Price Factor for that
time interval based on an appropriate alternate reference price.

Export Transaction Screening:

“Export Transaction Screening” shall be the process PJM uses to review the Export Credit
Exposure of Export Transactions against the Credit Available for Export Transactions, and deny
or curtail all or a portion of an Export Transaction, if the credit required for such transactions is
greater than the credit available for the transactions.

Export Transactions Net Activity:

“Export Transactions Net Activity” shall mean the aggregate net total, resulting from Export
Transactions, of (i) Spot Market Energy charges, (ii) Transmission Congestion Charges, and (iii)
Transmission Loss Charges, calculated as set forth in Operating Agreement, Schedule 1 and the
parallel provisions of Tariff, Attachment K-Appendix. Export Transactions Net Activity may be
positive or negative.



Extended Summer Demand Resource:

“Extended Summer Demand Resource” shall have the meaning specified in the Reliability
Assurance Agreement.

Extended Summer Resource Price Adder:

“Extended Summer Resource Price Adder” shall mean, for Delivery Years through May 31,
2018, an addition to the marginal value of Unforced Capacity as necessary to reflect the price of
Annual Resources and Extended Summer Demand Resources required to meet the applicable
Minimum Extended Summer Resource Requirement.

External Market Buyer:

“External Market Buyer” shall mean a Market Buyer making purchases of energy from the PJIM
Interchange Energy Market for consumption by end-users outside the PJM Region, or for load in
the PJM Region that is not served by Network Transmission Service.

External Resource:

“External Resource” shall mean a generation resource located outside the metered boundaries of
the PJM Region.

Facilities Study:

“Facilities Study” shall be an engineering study conducted by the Transmission Provider (in
coordination with the affected Transmission Owner(s)) to: (1) determine the required
modifications to the Transmission Provider’s Transmission System necessary to implement the
conclusions of the System Impact Study; and (2) complete any additional studies or analyses
documented in the System Impact Study or required by PJIM Manuals, and determine the
required modifications to the Transmission Provider’s Transmission System based on the
conclusions of such additional studies. The Facilities Study shall include the cost and scheduled



completion date for such modifications, that will be required to provide the requested
transmission service or to accommodate a New Service Request. As used in the Interconnection
Service Agreement or Construction Service Agreement, Facilities Study shall mean that certain
Facilities Study conducted by Transmission Provider (or at its direction) to determine the design
and specification of the Customer Funded Upgrades necessary to accommodate the New Service
Customer’s New Service Request in accordance with Tariff, Part VI, section 207.

Federal Power Act:
“Federal Power Act” shall mean the Federal Power Act, as amended, 16 U.S.C. §§ 791a, et seq.
FERC or Commission:

“FERC” or “Commission” shall mean the Federal Energy Regulatory Commission or any
successor federal agency, commission or department exercising jurisdiction over the Tariff,
Operating Agreement and Reliability Assurance Agreement.

FERC Market Rules:

“FERC Market Rules” mean the market behavior rules and the prohibition against electric
energy market manipulation codified by the Commission in its Rules and Regulations at 18 CFR
88 1c.2 and 35.37, respectively; the Commission-approved PJM Market Rules and any related
proscriptions or any successor rules that the Commission from time to time may issue, approve
or otherwise establish.

Final Offer:

“Final Offer” shall mean the offer on which a resource was dispatched by the Office of the
Interconnection for a particular clock hour for the Operating Day.

Final RTO Unforced Capacity Obligation:

“Final RTO Unforced Capacity Obligation” shall mean the capacity obligation for the PIM
Region, determined in accordance with RAA, Schedule 8.

Financial Close:

“Financial Close” shall mean the Capacity Market Seller has demonstrated that the Capacity
Market Seller or its agent has completed the act of executing the material contracts and/or other
documents necessary to (1) authorize construction of the project and (2) establish the necessary
funding for the project under the control of an independent third-party entity. A sworn, notarized
certification of an independent engineer certifying to such facts, and that the engineer has
personal knowledge of, or has engaged in a diligent inquiry to determine, such facts, shall be
sufficient to make such demonstration. For resources that do not have external financing,
Financial Close shall mean the project has full funding available, and that the project has been
duly authorized to proceed with full construction of the material portions of the project by the



appropriate governing body of the company funding such project. A sworn, notarized
certification by an officer of such company certifying to such facts, and that the officer has
personal knowledge of, or has engaged in a diligent inquiry to determine, such facts, shall be
sufficient to make such demonstration.

Financial Transmission Right:

“Financial Transmission Right” or “FTR” shall mean a right to receive Transmission Congestion
Credits as specified in Operating Agreement, Schedule 1, section 5.2.2 and the parallel
provisions of Tariff, Attachment K-Appendix, section 5.2.2.

Financial Transmission Right Obligation:

“Financial Transmission Right Obligation” shall mean a right to receive Transmission
Congestion Credits as specified in Operating Agreement, Schedule 1, section 5.2.2(b), and the
parallel provisions of Tariff, Attachment K-Appendix, section 5.2.2(b).

Financial Transmission Right Option:

“Financial Transmission Right Option” shall mean a right to receive Transmission Congestion
Credits as specified in Operating Agreement, Schedule 1, section 5.2.2(c), and the parallel
provisions of Tariff, Attachment K-Appendix, section 5.2.2(c).

Firm Point-To-Point Transmission Service:

“Firm Point-To-Point Transmission Service” shall mean Transmission Service under the Tariff
that is reserved and/or scheduled between specified Points of Receipt and Delivery pursuant to
Tariff, Part 11.

Firm Transmission Feasibility Study:

“Firm Transmission Feasibility Study” shall mean a study conducted by the Transmission
Provider in accordance with Tariff, Part I1, section 19.3 and Tariff, Part 111, section 32.3.

Firm Transmission Withdrawal Rights:

“Firm Transmission Withdrawal Rights” shall mean the rights to schedule energy and capacity
withdrawals from a Point of Interconnection of a Merchant Transmission Facility with the
Transmission System. Firm Transmission Withdrawal Rights may be awarded only to a
Merchant D.C. Transmission Facility that connects the Transmission System with another
control area. Withdrawals scheduled using Firm Transmission Withdrawal Rights have rights
similar to those under Firm Point-to-Point Transmission Service.

First Incremental Auction:



“First Incremental Auction” shall mean an Incremental Auction conducted 20 months prior to the
start of the Delivery Year to which it relates.

Flexible Resource:

“Flexible Resource” shall mean a generating resource that must have a combined Start-up Time
and Notification Time of less than or equal to two hours; and a Minimum Run Time of less than
or equal to two hours.

Forecast Pool Requirement:

“Forecast Pool Requirement” shall have the meaning specified in the Reliability Assurance
Agreement.

Foreign Guaranty:

“Foreign Guaranty” shall mean a Corporate Guaranty provided by an Affiliate of a Participant
that is domiciled in a foreign country, and meets all of the provisions of Tariff, Attachment Q.

Form 715 Planning Criteria:

“Form 715 Planning Criteria” shall have the same meaning provided in the Operating
Agreement.

FTR Credit Limit:

“FTR Credit Limit” shall mean the amount of credit established with PJMSettlement that an FTR
Participant has specifically designated to be used for FTR activity in a specific customer account.
Any such credit so set aside shall not be considered available to satisfy any other credit
requirement the FTR Participant may have with PJMSettlement.

FTR Credit Requirement:

“FTR Credit Requirement” shall mean the amount of credit that a Participant must provide in
order to support the FTR positions that it holds and/or for which it is bidding. The FTR Credit
Requirement shall not include months for which the invoicing has already been completed,
provided that PJIMSettlement shall have up to two Business Days following the date of the
invoice completion to make such adjustments in its credit systems. FTR Credit Requirements
are calculated and applied separately for each separate customer account.

FTR Flow Undiversified:

“FTR Flow Undiversified” shall have the meaning established in Tariff, Attachment Q, section
V.G.

FTR Historical Value:



For each FTR for each month, “FTR Historical Value” shall mean the weighted average of
historical values over three years for the FTR path using the following weightings: 50% - most
recent year; 30% - second year; 20% - third year.

FTR Holder:

“FTR Holder” shall mean the PJM Member that has acquired and possesses an FTR.

FTR Monthly Credit Requirement Contribution:

For each FTR, for each month, ”FTR Monthly Credit Requirement Contribution” shall mean the
total FTR cost for the month, prorated on a daily basis, less the FTR Historical Value for the
month. For cleared FTRs, this contribution may be negative; prior to clearing, FTRs with
negative contribution shall be deemed to have zero contribution.

FTR Net Activity:

“FTR Net Activity” shall mean the aggregate net value of the billing line items for auction
revenue rights credits, FTR auction charges, FTR auction credits, and FTR congestion credits,
and shall also include day-ahead and balancing/real-time congestion charges up to a maximum
net value of the sum of the foregoing auction revenue rights credits, FTR auction charges, FTR
auction credits and FTR congestion credits.

FTR Participant:

“FTR Participant” shall mean any Market Participant that provides or is required to provide
Collateral in order to participate in PJM’s FTR auctions.

FTR Portfolio Auction Value:
“FTR Portfolio Auction Value” shall mean for each customer account of a Market Participant,

the sum, calculated on a monthly basis, across all FTRs, of the FTR price times the FTR volume
in MW.

Fuel Cost Policy:

“Fuel Cost Policy” shall mean the document provided by a Market Seller to PJM and the Market
Monitoring Unit in accordance with PJM Manual 15 and Operating Agreement, Schedule 2,
which documents the Market Seller’s method used to price fuel for calculation of the Market
Seller’s cost-based offers for a generation resource.

Full Notice to Proceed:



“Full Notice to Proceed” shall mean that all material third party contractors have been given the
notice to proceed with construction by the Capacity Market Seller or its agent, with a guaranteed
completion date backed by liquidated damages.



Definitions— L - M =N
Limited Demand Resource:

“Limited Demand Resource” shall have the meaning specified in the Reliability Assurance
Agreement.

Limited Demand Resource Reliability Target:

“Limited Demand Resource Reliability Target” for the PJM Region or an LDA, shall mean the
maximum amount of Limited Demand Resources determined by PJM to be consistent with the
maintenance of reliability, stated in Unforced Capacity that shall be used to calculate the
Minimum Extended Summer Demand Resource Requirement for Delivery Years through May
31, 2017 and the Limited Resource Constraint for the 2017/2018 and 2018/2019 Delivery Years
for the PJIM Region or such LDA. As more fully set forth in the PJIM Manuals, PJM calculates
the Limited Demand Resource Reliability Target by first: i) testing the effects of the ten-
interruption requirement by comparing possible loads on peak days under a range of weather
conditions (from the daily load forecast distributions for the Delivery Year in question) against
possible generation capacity on such days under a range of conditions (using the cumulative
capacity distributions employed in the Installed Reserve Margin study for the PJM Region and in
the Capacity Emergency Transfer Objective study for the relevant LDAs for such Delivery Year)
and, by varying the assumed amounts of DR that is committed and displaces committed
generation, determines the DR penetration level at which there is a ninety percent probability
that DR will not be called (based on the applicable operating reserve margin for the PJM Region
and for the relevant LDAS) more than ten times over those peak days; ii) testing the six-hour
duration requirement by calculating the MW difference between the highest hourly unrestricted
peak load and seventh highest hourly unrestricted peak load on certain high peak load days (e.g.,
the annual peak, loads above the weather normalized peak, or days where load management was
called) in recent years, then dividing those loads by the forecast peak for those years and
averaging the result; and (iii) (for the 2016/2017 and 2017/2018 Delivery Years) testing the
effects of the six-hour duration requirement by comparing possible hourly loads on peak days
under a range of weather conditions (from the daily load forecast distributions for the Delivery
Year in question) against possible generation capacity on such days under a range of conditions
(using a Monte Carlo model of hourly capacity levels that is consistent with the capacity model
employed in the Installed Reserve Margin study for the PJM Region and in the Capacity
Emergency Transfer Objective study for the relevant LDAs for such Delivery Year) and, by
varying the assumed amounts of DR that is committed and displaces committed generation,
determines the DR penetration level at which there is a ninety percent probability that DR will
not be called (based on the applicable operating reserve margin for the PJM Region and for the
relevant LDAS) for more than six hours over any one or more of the tested peak days. Second,
PJM adopts the lowest result from these three tests as the Limited Demand Resource Reliability
Target. The Limited Demand Resource Reliability Target shall be expressed as a percentage of
the forecasted peak load of the PJIM 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 PJIM Region or such LDA, reduced by the
amount of load served under the FRR Alternative].



Limited Resource Constraint:

“Limited Resource Constraint” shall mean, for the 2017/2018 Delivery Year and for FRR
Capacity Plans the 2017/2018 and Delivery Years, for the PJM Region or each LDA for which
the Office of the Interconnection is required under Tariff, Attachment DD, section 5.10(a) 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 for the 2017/2018 Delivery Year
in the PJM Region or in such LDA, calculated as the Limited Demand Resource Reliability
Target for the PJM Region or such LDA, respectively, minus the Short Term Resource
Procurement Target for the PJIM Region or such LDA, respectively.

Limited Resource Price Decrement:

“Limited Resource Price Decrement” shall mean, for the 2017/2018 Delivery Year, a difference
between the clearing price for Limited Demand Resources and the clearing price for Extended
Summer Demand Resources and Annual Resources, representing the cost to procure additional
Extended Summer Demand Resources or Annual Resources out of merit order when the Limited
Resource Constraint is binding.

List of Approved Contractors:

“List of Approved Contractors” shall mean a list developed by each Transmission Owner and
published in a PJIM Manual of (a) contractors that the Transmission Owner considers to be
qualified to install or construct new facilities and/or upgrades or modifications to existing
facilities on the Transmission Owner’s system, provided that such contractors may include, but
need not be limited to, contractors that, in addition to providing construction services, also
provide design and/or other construction-related services, and (b) manufacturers or vendors of
major transmission-related equipment (e.g., high-voltage transformers, transmission line, circuit
breakers) whose products the Transmission Owner considers acceptable for installation and use
on its system.

Load Management:

“Load Management” shall mean a Demand Resource (“DR”) as defined in the Reliability
Assurance Agreement.

Load Management Event:

“Load Management Event” shall mean a) a single temporally contiguous dispatch of Demand
Resources in a Compliance Aggregation Area during an Operating Day, or b) multiple dispatches
of Demand Resources in a Compliance Aggregation Area during an Operating Day that are
temporally contiguous.

Load Ratio Share:



“Load Ratio Share” shall mean the ratio of a Transmission Customer’s Network Load to the
Transmission Provider’s total load.

Load Reduction Event:

“Load Reduction Event” shall mean a reduction in demand by a Member or Special Member for
the purpose of participating in the PJM Interchange Energy Market.

Load Serving Charging Energy:
“Load Serving Charging Energy” shall mean energy that is purchased from the PJM

Interchange Energy Market and stored in an Energy Storage Resource for later resale to end-use
load.

Load Serving Entity (LSE):

“Load Serving Entity” or “LSE” shall have the meaning specified in the Reliability Assurance
Agreement.

Load Shedding:
“Load Shedding” shall mean the systematic reduction of system demand by temporarily

decreasing load in response to transmission system or area capacity shortages, system instability,
or voltage control considerations under Tariff, Part Il or Part IlI.

Local Upgrades:
“Local Upgrades” shall mean modifications or additions of facilities to abate any local thermal
loading, voltage, short circuit, stability or similar engineering problem caused by the
interconnection and delivery of generation to the Transmission System. Local Upgrades shall
include:

(i) Direct Connection Local Upgrades which are Local Upgrades that only serve the
Customer Interconnection Facility and have no impact or potential impact on the Transmission
System until the final tie-in is complete; and

(it) Non-Direct Connection Local Upgrades which are parallel flow Local Upgrades that
are not Direct Connection Local Upgrades.

Location:

“Location” as used in the Economic Load Response rules shall mean an end-use customer site as
defined by the relevant electric distribution company account number.

LOC Deviation:



“LOC Deviation,” shall mean, for units other than wind units, the LOC Deviation shall equal the
desired megawatt amount for the resource determined according to the point on the Final Offer
curve corresponding to the Real-time Settlement Interval real-time Locational Marginal Price at
the resource’s bus and adjusted for any reduction in megawatts due to Regulation,-orFier2
Synchronized Reserve, or Secondary Reserve assignments and limited to the lesser of the unit’s
Economic Maximum or the unit’s Generation Resource Maximum Output, minus the actual
output of the unit. For wind units, the LOC Deviation shall mean the deviation of the generating
unit’s output equal to the lesser of the PJM forecasted output for the unit or the desired megawatt
amount for the resource determined according to the point on the Final Offer curve
corresponding to the Real-time Settlement Interval integrated real-time Locational Marginal
Price at the resource’s bus, and shall be limited to the lesser of the unit’s Economic Maximum or
the unit’s Generation Resource Maximum Output, minus the actual output of the unit.

Locational Deliverability Area (LDA):

“Locational Deliverability Area” or “LDA” shall mean a geographic area within the PJM Region
that has limited transmission capability to import capacity to satisfy such area’s reliability
requirement, as determined by the Office of the Interconnection in connection with preparation
of the Regional Transmission Expansion Plan, and as specified in Reliability Assurance
Agreement, Schedule 10.1.

Locational Deliverability Area Reliability Requirement:

“Locational Deliverability Area Reliability Requirement” shall mean the projected internal
capacity in the Locational Deliverability Area plus the Capacity Emergency Transfer Objective
for the Delivery Year, as determined by the Office of the Interconnection in connection with
preparation of the Regional Transmission Expansion Plan, less the minimum internal resources
required for all FRR Entities in such Locational Deliverability Area.

Locational Price Adder:

“Locational Price Adder” shall mean an addition to the marginal value of Unforced Capacity
within an LDA as necessary to reflect the price of Capacity Resources required to relieve
applicable binding locational constraints.

Locational Reliability Charge:

“Locational Reliability Charge” shall have the meaning specified in the Reliability Assurance
Agreement.

Locational UCAP:
“Locational UCAP” shall mean unforced capacity that a Member with available uncommitted

capacity sells in a bilateral transaction to a Member that previously committed capacity through
an RPM Auction but now requires replacement capacity to fulfill its RPM Auction commitment.



The Locational UCAP Seller retains responsibility for performance of the resource providing
such replacement capacity.

Locational UCAP Seller:

“Locational UCAP Seller” shall mean a Member that sells Locational UCAP.
Long-lead Project:

“Long-lead Project” shall have the same meaning provided in the Operating Agreement.
Long-Term Firm Point-To-Point Transmission Service:

“Long-Term Firm Point-To-Point Transmission Service” shall mean firm Point-To-Point
Transmission Service under Tariff, Part 11 with a term of one year or more.

Loss Price:

“Loss Price” shall mean the loss component of the Locational Marginal Price, which is the effect
on transmission loss costs (whether positive or negative) associated with increasing the output of
a generation resource or decreasing the consumption by a Demand Resource based on the effect
of increased generation from or consumption by the resource on transmission losses, calculated
as specified in Operating Agreement, Schedule 1, section 2, and the parallel provisions of Tariff,
Attachment K-Appendix, section 2.

M2M Flowgate:

“M2M Flowgate” shall have the meaning provided in the Joint Operating Agreement between
the Midcontinent Independent Transmission System Operator, Inc. and PJM Interconnection,
L.L.C.

Maintenance Adder:

“Maintenance Adder” shall mean an adder that may be included to account for variable operation
and maintenance expenses in a Market Seller’s Fuel Cost Policy. The Maintenance Adder is
calculated in accordance with the applicable provisions of PJIM Manual 15, and may only include
expenses incurred as a result of electric production.

Manual Load Dump Action:

“Manual Load Dump Action” shall mean an Operating Instruction, as defined by NERC, from
PJM to shed firm load when the PJM Region cannot provide adequate capacity to meet the PIM
Region’s load and tie schedules, or to alleviate critically overloaded transmission lines or other
equipment.

Manual Load Dump Warning:



“Manual Load Dump Warning” shall mean a notification from PJM to warn Members of an
increasingly critical condition of present operations that may require manually shedding load.

Marginal Value:

“Marginal Value” shall mean the incremental change in system dispatch costs, measured as a
$/MW value incurred by providing one additional MW of relief to the transmission constraint.

Mark-to-Auction Value:

“Mark-10-Auction Value” shall mean the net increase (or decrease) in value of a portfolio of
FTRs, as further described in Tariff, Attachment Q, section IV.C.9.

Market Monitor:
“Market Monitor” means the head of the Market Monitoring Unit.
Market Monitoring Unit or MMU:

“Market Monitoring Unit” or “MMU” means the independent Market Monitoring Unit defined in
18 CFR 8 35.28(a)(7) and established under the PJIM Market Monitoring Plan (Attachment M) to
the PJM Tariff that is responsible for implementing the Market Monitoring Plan, including the
Market Monitor. The Market Monitoring Unit may also be referred to as the IMM or
Independent Market Monitor for PIM

Market Monitoring Unit Advisory Committee or MMU Advisory Committee:

“Market Monitoring Unit Advisory Committee” or “MMU Advisory Committee” shall mean the
committee established under Tariff, Attachment M, section I11.H.

Market Operations Center:

“Market Operations Center” shall mean the equipment, facilities and personnel used by or on
behalf of a Market Participant to communicate and coordinate with the Office of the
Interconnection in connection with transactions in the PJM Interchange Energy Market or the
operation of the PJM Region.

Market Participant:

“Market Participant” shall mean a Market Buyer, a Market Seller, an Economic Load Response
Participant, or all three, except when such term is used in Tariff, Attachment M, in which case
Market Participant shall mean an entity that generates, transmits, distributes, purchases, or sells
electricity, ancillary services, or any other product or service provided under the PJM Tariff or
Operating Agreement within, into, out of, or through the PJM Region, but it shall not include an



Authorized Government Agency that consumes energy for its own use but does not purchase or
sell energy at wholesale.

Market Participant Energy Injection:

“Market Participant Energy Injection” shall mean transactions in the Day-ahead Energy Market
and Real-time Energy Market, including but not limited to Day-ahead generation schedules, real-
time generation output, Increment Offers, internal bilateral transactions and import transactions,
as further described in the PJIM Manuals.

Market Participant Energy Withdrawal:

“Market Participant Energy Withdrawal” shall mean transactions in the Day-ahead Energy
Market and Real-time Energy Market, including but not limited to Demand Bids, Decrement
Bids, real-time load (net of Behind The Meter Generation expected to be operating, but not to be
less than zero), internal bilateral transactions and Export Transactions, as further described in the
PJM Manuals.

Market Revenue Neutrality Offset:

“Market Revenue Neutrality Offset” shall mean the revenue in excess of the cost for a resource
from the energy, Synchronized Reserve, Non-Synchronized Reserve, and Secondary Reserve
markets realized from an increase in real-time market megawatt assignment from a day-ahead
market megawatt assignment in any of these markets due to the decrease in the real-time reserve
market megawatt assignment from a day-ahead reserve market megawatt assignment in any of
the reserve markets.

Market Seller Offer Cap:

“Market Seller Offer Cap” shall mean a maximum offer price applicable to certain Market
Sellers under certain conditions, as determined in accordance with Tariff, Attachment DD.
section 6 and Tariff, Attachment M-Appendix, section Il.E.

Market Violation:

“Market Violation” shall mean a tariff violation, violation of a Commission-approved order, rule
or regulation, market manipulation, or inappropriate dispatch that creates substantial concerns
regarding unnecessary market inefficiencies, as defined in 18 C.F.R. 8 35.28(b)(8).

Material Modification:

“Material Modification” shall mean any modification to an Interconnection Request that has a
material adverse effect on the cost or timing of Interconnection Studies related to, or any
Network Upgrades or Local Upgrades needed to accommodate, any Interconnection Request
with a later Queue Position.



Maximum Daily Starts:

“Maximum Daily Starts” shall mean the maximum number of times that a generating unit can be
started in an Operating Day under normal operating conditions.

Maximum Emergency:

“Maximum Emergency” shall mean the designation of all or part of the output of a generating
unit for which the designated output levels may require extraordinary procedures and therefore
are available to the Office of the Interconnection only when the Office of the Interconnection
declares a Maximum Generation Emergency and requests generation designated as Maximum
Emergency to run. The Office of the Interconnection shall post on the PJM website the
aggregate amount of megawatts that are classified as Maximum Emergency.

Maximum Facility Output:

“Maximum Facility Output” shall mean the maximum (not nominal) net electrical power output
in megawatts, specified in the Interconnection Service Agreement, after supply of any parasitic
or host facility loads, that a Generation Interconnection Customer’s Customer Facility is
expected to produce, provided that the specified Maximum Facility Output shall not exceed the
output of the proposed Customer Facility that Transmission Provider utilized in the System
Impact Study.

Maximum Generation Emergency:

“Maximum Generation Emergency” shall mean an Emergency declared by the Office of the
Interconnection to address either a generation or transmission emergency in which the Office of
the Interconnection anticipates requesting one or more Generation Capacity Resources, or Non-
Retail Behind The Meter Generation resources to operate at its maximum net or gross electrical
power output, subject to the equipment stress limits for such Generation Capacity Resource or
Non-Retail Behind The Meter resource in order to manage, alleviate, or end the Emergency.

Maximum Generation Emergency Alert:

“Maximum Generation Emergency Alert” shall mean an alert issued by the Office of the
Interconnection to notify PJIM Members, Transmission Owners, resource owners and operators,
customers, and regulators that a Maximum Generation Emergency may be declared, for any
Operating Day in either, as applicable, the Day-ahead Energy Market or the Real-time Energy
Market, for all or any part of such Operating Day.

Maximum Run Time:

“Maximum Run Time” shall mean the maximum number of hours a generating unit can run over
the course of an Operating Day, as measured by PJM’s State Estimator.

Maximum Weekly Starts:



“Maximum Weekly Starts” shall mean the maximum number of times that a generating unit can
be started in one week, defined as the 168 hour period starting Monday 0001 hour, under normal
operating conditions.

Member:
“Member” shall have the meaning provided in the Operating Agreement.
Merchant A.C. Transmission Facilities:

“Merchant A.C. Transmission Facility” shall mean Merchant Transmission Facilities that are
alternating current (A.C.) transmission facilities, other than those that are Controllable A.C.
Merchant Transmission Facilities.

Merchant D.C. Transmission Facilities:

“Merchant D.C. Transmission Facilities” shall mean direct current (D.C.) transmission facilities
that are interconnected with the Transmission System pursuant to Tariff, Part IV and Part V1.

Merchant Network Upgrades:

“Merchant Network Upgrades” shall mean additions to, or modifications or replacements of,
physical facilities of the Interconnected Transmission Owner that, on the date of the pertinent
Transmission Interconnection Customer’s Upgrade Request, are part of the Transmission System
or are included in the Regional Transmission Expansion Plan.

Merchant Transmission Facilities:

“Merchant Transmission Facilities” shall mean A.C. or D.C. transmission facilities that are
interconnected with or added to the Transmission System pursuant to Tariff, Part IV and Part VI
and that are so identified in Tariff, Attachment T, provided, however, that Merchant
Transmission Facilities shall not include (i) any Customer Interconnection Facilities, (ii) any
physical facilities of the Transmission System that were in existence on or before March 20,
2003 ; (iii) any expansions or enhancements of the Transmission System that are not identified as
Merchant Transmission Facilities in the Regional Transmission Expansion Plan and Attachment
T to the Tariff, or (iv) any transmission facilities that are included in the rate base of a public
utility and on which a regulated return is earned.

Merchant Transmission Provider:

“Merchant Transmission Provider” shall mean an Interconnection Customer that (1) owns,
controls, or controls the rights to use the transmission capability of, Merchant D.C. Transmission
Facilities and/or Controllable A.C. Merchant Transmission Facilities that connect the
Transmission System with another control area, (2) has elected to receive Transmission Injection
Rights and Transmission Withdrawal Rights associated with such facility pursuant to Tariff, Part



IV, section 36, and (3) makes (or will make) the transmission capability of such facilities
available for use by third parties under terms and conditions approved by the Commission and
stated in the Tariff, consistent with Tariff, section 38.

Metering Equipment:

“Metering Equipment” shall mean all metering equipment installed at the metering points
designated in the appropriate appendix to an Interconnection Service Agreement.

Minimum 30-minute Reserve Requirement:

“Minimum 30-minute Reserve Requirement” shall mean the megawatts required to be
maintained in a Reserve Zone or Reserve Sub-zone as 30-minute Reserve inclusive of any
increase to account for additional reserves scheduled to address operational uncertainty. The
Minimum 30-minute Reserve Requirement is calculated in accordance with the PJM Manuals
and establishes the first segment on the Operating Reserve Demand Curve for 30-minute
Reserve.

Minimum Annual Resource Requirement:

“Minimum Annual Resource Requirement” shall mean, for Delivery Years through May 31,
2017, the minimum amount of capacity that PJM will seek to procure from Annual Resources
for the PJIM Region and for each Locational Deliverability Area for which the Office of the
Interconnection is required under Tariff, Attachment DD, section 5.10(a) to establish a separate
VRR Curve for such Delivery Year. For the PJIM Region, the Minimum Annual Resource
Requirement shall be equal to the RTO Reliability Requirement minus [the Sub-Annual
Resource Reliability Target for the RTO in Unforced Capacity]. For an LDA, the Minimum
Annual Resource Requirement shall be equal to the LDA Reliability Requirement minus [the
LDA CETL] minus [the Sub-Annual Resource Reliability Target for such LDA in Unforced
Capacity]. The LDA CETL may be adjusted pro rata for the amount of load served under the
FRR Alternative.

Minimum Down Time:

For all generating units that are not combined cycle units, “Minimum Down Time” shall mean
the minimum number of hours under normal operating conditions between unit shutdown and
unit startup, calculated as the shortest time difference between the unit’s generator breaker
opening and after the unit’s generator breaker closure, which is typically indicated by
telemetered or aggregated State Estimator megawatts greater than zero. For combined cycle
units, “Minimum Down Time” shall mean the minimum number of hours between the last
generator breaker opening and after first combustion turbine generator breaker closure, which is
typically indicated by telemetered or aggregated State Estimator megawatts greater than zero.

Minimum Extended Summer Resource Requirement:



“Minimum Extended Summer Resource Requirement” shall mean, for Delivery Years through
May 31, 2017, the minimum amount of capacity that PJM will seek to procure from Extended
Summer Demand Resources and Annual Resources for the PJM Region and for each Locational
Deliverability Area for which the Office of the Interconnection is required under Tariff,
Attachment DD, section 5.10(a) to establish a separate VRR Curve for such Delivery Year. For
the PJM Region, the Minimum Extended Summer Resource Requirement shall be equal to the
RTO Reliability Requirement minus [the Limited Demand Resource Reliability Target for the
PJM Region in Unforced Capacity]. For an LDA, the Minimum Extended Summer Resource
Requirement shall be equal to the LDA Reliability Requirement minus [the LDA CETL] minus
[the Limited Demand Resource Reliability Target for such LDA in Unforced Capacity]. The
LDA CETL may be adjusted pro rata for the amount of load served under the FRR Alternative.

Minimum Generation Emergency:

“Minimum Generation Emergency” shall mean an Emergency declared by the Office of the
Interconnection in which the Office of the Interconnection anticipates requesting one or more
generating resources to operate at or below Normal Minimum Generation, in order to manage,
alleviate, or end the Emergency.

Minimum Participation Requirements:

“Minimum Participation Requirements” shall mean a set of minimum training, risk management,
communication and capital or collateral requirements required for Participants in the PJM
Markets, as set forth herein and in the Form of Annual Certification set forth as Tariff,
Attachment Q, Appendix 1. Participants transacting in FTRs in certain circumstances will be
required to demonstrate additional risk management procedures and controls as further set forth
in the Annual Certification found in Tariff, Attachment Q, Appendix 1.

Minimum Primary Reserve Requirement:

“Minimum Primary Reserve Requirement” shall mean the megawatts required to be maintained
in a Reserve Zone or Reserve Sub-zone as Primary Reserve, inclusive of any increase to account
for additional reserves scheduled to address operational uncertainty. The Minimum Primary
Reserve Requirement is calculated in accordance with the PJM Manuals, and establishes the first
segment on the Operating Reserve Demand Curve for Primary Reserve.

Minimum Run Time:

For all generating units that are not combined cycle units, “Minimum Run Time” shall mean the
minimum number of hours a unit must run, in real-time operations, from the time after generator
breaker closure, which is typically indicated by telemetered or aggregated State Estimator
megawatts greater than zero, to the time of generator breaker opening, as measured by PJM's
State Estimator. For combined cycle units, “Minimum Run Time” shall mean the time period
after the first combustion turbine generator breaker closure, which is typically indicated by
telemetered or aggregated State Estimator megawatts greater than zero, and the last generator
breaker opening as measured by PJM’s State Estimator.



Minimum Synchronized Reserve Reqguirement:

“Minimum Synchronized Reserve Requirement” shall mean the megawatts required to be
maintained in a Reserve Zone or Reserve Sub-zone as Synchronized Reserve, inclusive of any
increase to account for additional reserves scheduled to address operational uncertainty. The
Minimum Synchronized Reserve Requirement is calculated in accordance with the PJIM
Manuals, and establishes the first segment on the Operating Reserve Demand Curve for
Synchronized Reserve.

MISO:

“MISO” shall mean the Midcontinent Independent System Operator, Inc. or any successor
thereto.

MTA Collateral Call:

‘MTA Collateral Call ” shall mean a demand for additional Collateral issued due to a credit
shortfall arising from a Mark-to-Auction Value change. The requirements and remedies for an
MTA Collateral Call may be different from the requirements and remedies for a Collateral Call.
Multi-Driver Project:

“Multi-Driver Project” shall have the same meaning provided in the Operating Agreement.
Native Load Customers:

“Native Load Customers” shall mean the wholesale and retail power customers of a
Transmission Owner on whose behalf the Transmission Owner, by statute, franchise, regulatory
requirement, or contract, has undertaken an obligation to construct and operate the Transmission
Owner’s system to meet the reliable electric needs of such customers.

NERC:

“NERC” shall mean the North American Electric Reliability Corporation or any successor
thereto.

NERC Interchange Distribution Calculator:
“NERC Interchange Distribution Calculator” shall mean the NERC mechanism that is in effect
and being used to calculate the distribution of energy, over specific transmission interfaces, from

energy transactions.

Net Benefits Test:



“Net Benefits Test” shall mean a calculation to determine whether the benefits of a reduction in
price resulting from the dispatch of Economic Load Response exceeds the cost to other loads
resulting from the billing unit effects of the load reduction, as specified in Operating Agreement,
Schedule 1, section 3.3A.4 and the parallel provisions of Tariff, Attachment K-Appendix, section
3.3A4.

Net Cost of New Entry:

“Net Cost of New Entry” shall mean the Cost of New Entry minus the Net Energy and Ancillary
Service Revenue Offset.

Net Obligation:

“Net Obligation” shall mean the amount owed to PJIMSettlement and PJM for purchases from the
PJM Markets, Transmission Service, (under Tariff, Parts 1l and 111, and other services pursuant
to the Agreements, after applying a deduction for amounts owed to a Participant by
PJMSettlement as it pertains to monthly market activity and services. Should other markets be
formed such that Participants may incur future Obligations in those markets, then the aggregate
amount of those Obligations will also be added to the Net Obligation.

Net Sell Position:

“Net Sell Position” shall mean the amount of Net Obligation when Net Obligation is negative.
Network Customer:

“Network Customer” shall mean an entity receiving transmission service pursuant to the terms of
the Transmission Provider’s Network Integration Transmission Service under Tariff, Part I11.

Network External Designated Transmission Service:

“Network External Designated Transmission Service” shall have the meaning set forth in
Reliability Assurance Agreement, Article I.

Network Integration Transmission Service:

“Network Integration Transmission Service” shall mean the transmission service provided under
Tariff, Part I11.

Network Load:

“Network Load” shall mean the load that a Network Customer designates for Network
Integration Transmission Service under Tariff, Part III. The Network Customer’s Network Load
shall include all load (including losses, Non-Dispatched Charging Energy, and Load Serving
Charging Energy) served by the output of any Network Resources designated by the Network
Customer. A Network Customer may elect to designate less than its total load as Network Load



but may not designate only part of the load at a discrete Point of Delivery. Where an Eligible
Customer has elected not to designate a particular load at discrete points of delivery as Network
Load, the Eligible Customer is responsible for making separate arrangements under Tariff, Part
Il for any Point-To-Point Transmission Service that may be necessary for such non-designated
load. Network Load shall not include Dispatched Charging Energy.

Network Operating Agreement:

“Network Operating Agreement” shall mean an executed agreement that contains the terms and
conditions under which the Network Customer shall operate its facilities and the technical and
operational matters associated with the implementation of Network Integration Transmission
Service under Tariff, Part I1l.

Network Operating Committee:

“Network Operating Committee” shall mean a group made up of representatives from the
Network Customer(s) and the Transmission Provider established to coordinate operating criteria
and other technical considerations required for implementation of Network Integration
Transmission Service under Tariff, Part I1I.

Network Resource:

“Network Resource” shall mean any designated generating resource owned, purchased, or leased
by a Network Customer under the Network Integration Transmission Service Tariff. Network
Resources do not include any resource, or any portion thereof, that is committed for sale to third
parties or otherwise cannot be called upon to meet the Network Customer’s Network Load on a
non-interruptible basis, except for purposes of fulfilling obligations under a reserve sharing
program.

Network Service User:

“Network Service User” shall mean an entity using Network Transmission Service.

Network Transmission Service:

“Network Transmission Service” shall mean transmission service provided pursuant to the rates,
terms and conditions set forth in Tariff, Part 11, or transmission service comparable to such
service that is provided to a Load Serving Entity that is also a Transmission Owner.

Network Upgrades:

“Network Upgrades” shall mean modifications or additions to transmission-related facilities that

are integrated with and support the Transmission Provider’s overall Transmission System for the
general benefit of all users of such Transmission System. Network Upgrades shall include:



(i) Direct Connection Network Upgrades which are Network Upgrades that only serve
the Customer Interconnection Facility and have no impact or potential impact on the
Transmission System until the final tie-in is complete; and

(it) Non-Direct Connection Network Upgrades which are parallel flow Network
Upgrades that are not Direct Connection Network Upgrades.

Neutral Party:

“Neutral Party” shall have the meaning provided in Tariff, Part I, section 9.3(v).

New PJM Zone(s):

“New PJM Zone(s)” shall mean the Zone included in the Tariff, along with applicable Schedules
and Attachments, for Commonwealth Edison Company, The Dayton Power and Light Company
and the AEP East Operating Companies (Appalachian Power Company, Columbus Southern
Power Company, Indiana Michigan Power Company, Kentucky Power Company, Kingsport
Power Company, Ohio Power Company and Wheeling Power Company).

New Service Customers:

“New Service Customers” shall mean all customers that submit an Interconnection Request, a
Completed Application, or an Upgrade Request that is pending in the New Services Queue.

New Service Request:

“New Service Request” shall mean an Interconnection Request, a Completed Application, or an
Upgrade Request.

New Services Queue:

“New Service Queue” shall mean all Interconnection Requests, Completed Applications, and
Upgrade Requests that are received within each six-month period ending on April 30 and
October 31 of each year shall collectively comprise a New Services Queue.

New Services Queue Closing Date:

“New Services Queue Closing Date” shall mean each April 30 and October 31 shall be the
Queue Closing Date for the New Services Queue comprised of Interconnection Requests,
Completed Applications, and Upgrade Requests received during the six-month period ending on
such date.

New York ISO or NYISO:

“New York ISO” or “NYISO” shall mean the New York Independent System Operator, Inc. or
any successor thereto.



Nodal Reference Price:

The “Nodal Reference Price” at each location shall mean the 97th percentile price differential
between day-ahead and real-time prices experienced over the corresponding two-month
reference period in the prior calendar year. Reference periods will be Jan-Feb, Mar-Apr, May-
Jun, Jul-Aug, Sept-Oct, Nov-Dec. For any given current-year month, the reference period
months will be the set of two months in the prior calendar year that include the month
corresponding to the current month. For example, July and August 2003 would each use July-
August 2002 as their reference period.

No-load Cost:

“No-load Cost” shall mean the hourly cost required to create the starting point of a
monotonically increasing incremental offer curve for a generating unit.

Nominal Rated Capability:

“Nominal Rated Capability” shall mean the nominal maximum rated capability in megawatts of
a Transmission Interconnection Customer’s Customer Facility or the nominal increase in
transmission capability in megawatts of the Transmission System resulting from the
interconnection or addition of a Transmission Interconnection Customer’s Customer Facility, as
determined in accordance with pertinent Applicable Standards and specified in the
Interconnection Service Agreement.

Nominated Demand Resource Value:

“Nominated Demand Resource Value” shall mean the amount of load reduction that a Demand
Resource commits to provide either through direct load control, firm service level or guaranteed
load drop programs. For existing Demand Resources, the maximum Nominated Demand
Resource Value is limited, in accordance with the PJM Manuals, to the value appropriate for the
method by which the load reduction would be accomplished, at the time the Base Residual
Auction or Incremental Auction is being conducted.

Nominated Energy Efficiency Value:

“Nominated Energy Efficiency Value” shall mean the amount of load reduction that an Energy
Efficiency Resource commits to provide through installation of more efficient devices or
equipment or implementation of more efficient processes or systems.

Non-Dispatched Charging Energy:

“Non-Dispatched Charging Energy” shall mean all Direct Charging Energy that an Energy

Storage Resource Model Participant receives from the electric grid that is not otherwise
Dispatched Charging Energy.



Non-Firm Point-To-Point Transmission Service:

“Non-Firm Point-To-Point Transmission Service” shall mean Point-To-Point Transmission
Service under the Tariff that is reserved and scheduled on an as-available basis and is subject to
Curtailment or Interruption as set forth in Tariff, Part 11, section 14.7. Non-Firm Point-To-Point
Transmission Service is available on a stand-alone basis for periods ranging from one hour to
one month.

Non-Firm Sale:

“Non-Firm Sale” shall mean an energy sale for which receipt or delivery may be interrupted for
any reason or no reason, without liability on the part of either the buyer or seller.

Non-Firm Transmission Withdrawal Rights:

“No-Firm Transmission Withdrawal Rights” shall mean the rights to schedule energy
withdrawals from a specified point on the Transmission System. Non-Firm Transmission
Withdrawal Rights may be awarded only to a Merchant D.C. Transmission Facility that connects
the Transmission System to another control area. Withdrawals scheduled using Non-Firm
Transmission Withdrawal Rights have rights similar to those under Non-Firm Point-to-Point
Transmission Service.

Non-Performance Charge:

“Non-Performance Charge” shall mean the charge applicable to Capacity Performance
Resources as defined in Tariff, Attachment DD, section 10A(e).

Nonincumbent Developer:
“Nonincumbent Developer” shall have the same meaning provided in the Operating Agreement.

Non-Regulatory Opportunity Cost:

“Non-Regulatory Opportunity Cost” shall mean the difference between (a) the forecasted cost to
operate a specific generating unit when the unit only has a limited number of starts or available
run hours resulting from (i) the physical equipment limitations of the unit, for up to one year, due
to original equipment manufacturer recommendations or insurance carrier restrictions, (ii) a fuel
supply limitation, for up to one year, resulting from an event of Catastrophic Force Majeure; and,
(b) the forecasted future Locational Marginal Price at which the generating unit could run while
not violating such limitations. Non-Regulatory Opportunity Cost therefore is the value
associated with a specific generating unit’s lost opportunity to produce energy during a higher
valued period of time occurring within the same period of time in which the unit is bound by the
referenced restrictions, and is reflected in the rules set forth in PJM Manual 15. Non-Regulatory
Opportunity Costs shall be limited to those resources which are specifically delineated in
Operating Agreement, Schedule 2.

Non-Retail Behind The Meter Generation:



“Non-Retail Behind The Meter Generation” shall mean Behind the Meter Generation that is used
by municipal electric systems, electric cooperatives, or electric distribution companies to serve
load.

Non-Synchronized Reserve:

“Non-Synchronized Reserve” shall mean the reserve capability of non-emergency generation
resources that can be converted fully into energy within ten minutes of a request from the Office
of the Interconnection dispatcher, and is provided by equipment that is not electrically
synchronized to the Transmission System.

Non-Synchronized Reserve Event:

“Non-Synchronized Reserve Event” shall mean a request from the Office of the Interconnection
to generation resources able and assigned to provide Non-Synchronized Reserve in one or more
specified Reserve Zones or Reserve Sub-zones, within ten minutes to increase the energy output
by the amount of assigned Non-Synchronized Reserve capability.

Non-Variable Loads:

“Non-Variable Loads” shall have the meaning specified in Operating Agreement, Schedule 1,
section 1.5A.6, and the parallel provisions of Tariff, Attachment K-Appendix, section 1.5A.6.

Non-Zone Network Load:
“Non-Zone Network Load shall mean Network Load that is located outside of the PJM Region.
Normal Maximum Generation:

“Normal Maximum Generation” shall mean the highest output level of a generating resource
under normal operating conditions.

Normal Minimum Generation:

“Normal Minimum Generation” shall mean the lowest output level of a generating resource
under normal operating conditions.



Definitions—O-P-Q
Obligation:

“Obligation” shall mean all amounts owed to PJMSettlement for purchases from the PIM
Markets, Transmission Service, (under both Tariff, Part Il and Part 111), and other services or
obligations pursuant to the Agreements. In addition, aggregate amounts that will be owed to
PJMSettlement in the future for capacity purchases within the PJM capacity markets will be
added to this figure. Should other markets be formed such that Participants may incur future
Obligations in those markets, then the aggregate amount of those Obligations will also be added
to the Net Obligation.

Offer Data:

“Offer Data” shall mean the scheduling, operations planning, dispatch, new resource, and other
data and information necessary to schedule and dispatch generation resources and Demand
Resource(s) for the provision of energy and other services and the maintenance of the reliability
and security of the Transmission System in the PJM Region, and specified for submission to the
PJM Interchange Energy Market for such purposes by the Office of the Interconnection.

Office of the Interconnection:

“Office of the Interconnection” shall mean the employees and agents of PJM Interconnection,
L.L.C. subject to the supervision and oversight of the PJM Board, acting pursuant to the
Operating Agreement.

Office of the Interconnection Control Center:

“Office of the Interconnection Control Center” shall mean the equipment, facilities and
personnel used by the Office of the Interconnection to coordinate and direct the operation of the
PJM Region and to administer the PJM Interchange Energy Market, including facilities and
equipment used to communicate and coordinate with the Market Participants in connection with
transactions in the PIJM Interchange Energy Market or the operation of the PJM Region.

On-Site Generators:

“On-Site Generators” shall mean generation facilities (including Behind The Meter Generation)
that (i) are not Capacity Resources, (ii) are not injecting into the grid, (iii) are either
synchronized or non-synchronized to the Transmission System, and (iv) can be used to reduce
demand for the purpose of participating in the PJM Interchange Energy Market.

Open Access Same-Time Information System (OASIS) or PJM Open Access Same-Time
Information System:

“Open Access Same-Time Information System,” “PJM Open Access Same-Time Information
System” or “OASIS” shall mean the electronic communication and information system and



standards of conduct contained in Part 37 and Part 38 of the Commission’s regulations and all
additional requirements implemented by subsequent Commission orders dealing with OASIS for
the collection and dissemination of information about transmission services in the PJM Region,
established and operated by the Office of the Interconnection in accordance with FERC
standards and requirements.

Operating Agreement of the PIJM Interconnection, L.L.C., Operating Agreement or PJM
Operating Agreement:

“Operating Agreement of the PJM Interconnection, L.L.C.,” “Operating Agreement” or “PJM
Operating Agreement” shall mean the Amended and Restated Operating Agreement of PJIM
Interconnection, L.L.C. dated as of April 1, 1997 and as amended and restated as of June 2,
1997, including all Schedules, Exhibits, Appendices, addenda or supplements hereto, as amended
from time to time thereafter, among the Members of the PJM Interconnection, L.L.C., on file
with the Commission.

Operating Day:

“Operating Day” shall mean the daily 24 hour period beginning at midnight for which
transactions on the PJM Interchange Energy Market are scheduled.

Operating Margin:

“Operating Margin” shall mean the incremental adjustments, measured in megawatts, required in
PJM Region operations in order to accommodate, on a first contingency basis, an operating
contingency in the PJM Region resulting from operations in an interconnected Control Area.
Such adjustments may result in constraints causing Transmission Congestion Charges, or may
result in Ancillary Services charges pursuant to the PJM Tariff.

Operating Margin Customer:

“Operating Margin Customer” shall mean a Control Area purchasing Operating Margin pursuant
to an agreement between such other Control Area and the LLC.

Operating Reserve Demand Curve:

“Operating Reserve Demand Curve” shall mean a curve with prices on the y-axis and megawatts
on the x-axis, which defines the relationship between each incremental megawatt of reserves that
can be used to meet a given reserve requirement and the value placed on maintaining that
megawatt level of reserve, expressed in $/MWh.

Operationally Deliverable:

“Operationally Deliverable” shall mean, as determined by the Office of the Interconnection, that
there are no operational conditions, arrangements or limitations experienced or required that
threaten, impair or degrade effectuation or maintenance of deliverability of capacity or energy



from the external Generation Capacity Resource to loads in the PJM Region in a manner
comparable to the deliverability of capacity or energy to such loads from Generation Capacity
Resources located inside the metered boundaries of the PJM Region, including, without
limitation, an identified need by an external Balancing Authority Area for a remedial action
scheme or manual generation trip protocol, transmission facility switching arrangements that
would have the effect of radializing load, or excessive or unacceptable frequency of regional
reliability limit violations or (outside an interregional agreed congestion management process) of
local reliability dispatch instructions and commitments.

Opportunity Cost:

“Opportunity Cost” shall mean a component of the Market Seller Offer Cap calculated in
accordance with Tariff, Attachment DD, section 6.

OPSI Advisory Committee:

“OPSI Advisory Committee” shall mean the committee established under Tariff, Attachment M,
section 11.G.

Option to Build:

“Option to Build” shall mean the option of the New Service Customer to build certain Customer-
Funded Upgrades, as set forth in, and subject to the terms of, the Construction Service
Agreement.

Optional Interconnection Study:

“Optional Interconnection Study” shall mean a sensitivity analysis of an Interconnection Request
based on assumptions specified by the Interconnection Customer in the Optional Interconnection
Study Agreement.

Optional Interconnection Study Agreement:

“Optional Interconnection Study Agreement” shall mean the form of agreement for preparation
of an Optional Interconnection Study, as set forth in Tariff, Attachment N-3.

Part I:

“Part I shall mean the Tariff Definitions and Common Service Provisions contained in Tariff,
Part 1, sections 1 through 12A.

Part I1:
“Part II”” shall mean Tariff, sections 13 through 27A pertaining to Point-To-Point Transmission

Service in conjunction with the applicable Common Service Provisions of Tariff, Part | and
appropriate Schedules and Attachments.



Part I11:

“Part III”” shall mean Tariff, sections 28 through 35 pertaining to Network Integration
Transmission Service in conjunction with the applicable Common Service Provisions of Tariff,
Part | and appropriate Schedules and Attachments.

Part 1V:

“Part IV” shall mean Tariff, sections 36 through 112C pertaining to generation or merchant
transmission interconnection to the Transmission System in conjunction with the applicable
Common Service Provisions of Tariff, Part | and appropriate Schedules and Attachments.

Part V:

“Part V”” shall mean Tariff, sections 113 through 122 pertaining to the deactivation of generating
units in conjunction with the applicable Common Service Provisions of Tariff, Part | and
appropriate Schedules and Attachments.

Part VI:

“Part VI” shall mean Tariff, sections 200 through 237 pertaining to the queuing, study, and
agreements relating to New Service Requests, and the rights associated with Customer-Funded
Upgrades in conjunction with the applicable Common Service Provisions of Tariff, Part | and
appropriate Schedules and Attachments.

Participant:

“Participant” shall mean a Market Participant and/or Transmission Customer and/or Applicant
requesting to be an active Market Participant and/or Transmission Customer.

Parties:

“Parties” shall mean the Transmission Provider, as administrator of the Tariff, and the
Transmission Customer receiving service under the Tariff. PIMSettlement shall be the
Counterparty to Transmission Customers.

Peak-Hour Dispatch:

“Peak-Hour Dispatch” shall mean, for purposes of calculating the Energy and Ancillary Services
Revenue Offset under Tariff, Attachment DD, section 5, an assumption, as more fully set forth in
the PJIM Manuals, that the Reference Resource is committed in the Day-Ahead Energy Market in
four distinct blocks of four hours of continuous output for each block from the peak-hour period
beginning with the hour ending 0800 EPT through to the hour ending 2300 EPT for any day
when the average day-ahead LMP for the area for which the Net Cost of New Entry is being
determined is greater than, or equal to, the cost to generate (including the cost for a complete



start and shutdown cycle), plus 10% of such costs, for at least two hours during each four-hour
block, where such blocks shall be assumed to be committed independently; provided that, if
there are not at least two economic hours in any given four-hour block, then the Reference
Resource shall be assumed not to be committed for such block; and to the extent not committed
in any such block in the Day-Ahead Energy Market under the above conditions based on Day-
Ahead LMPs, is dispatched in the Real-Time Energy Market for such block if the Real-Time
LMP is greater than or equal to the cost to generate, plus 10% of such costs, under the same
conditions as described above for the Day-Ahead Energy Market.

Peak Market Activity:

“Peak Market Activity” shall mean a measure of exposure for which credit is required, involving
peak exposures in rolling three-week periods over a year timeframe, with two semi-annual reset
points, pursuant to provisions of Tariff, Attachment Q, section V.A. Peak Market Activity shall
exclude FTR Net Activity, Virtual Transactions Net Activity, and Export Transactions Net
Activity.

Peak Season:

“Peak Season” shall mean the weeks containing the 24th through 36th Wednesdays of the
calendar year. Each such week shall begin on a Monday and end on the following Sunday,
except for the week containing the 36th Wednesday, which shall end on the following Friday.

Percentage Internal Resources Required:

“Percentage Internal Resources Required” shall have the meaning specified in the Reliability
Assurance Agreement.

Performance Assessment Interval:

“Performance Assessment Interval” shall mean each Real-time Settlement Interval for which an
Emergency Action has been declared by the Office of the Interconnection, provided, however,
that Performance Assessment Intervals for a Base Capacity Resource shall not include any
intervals outside the calendar months of June through September.

PJIM:

“PJM” shall mean PJM Interconnection, L.L.C., including the Office of the Interconnection as
referenced in the PJM Operating Agreement. When such term is being used in the RAA it shall
also include the PJM Board.

PJM Administrative Service:

“PJM Administrative Service” shall mean the services provided by PJM pursuant to Tariff,
Schedule 9.

PJM Board:



“PJM Board” shall mean the Board of Managers of the LLC, acting pursuant to the Operating
Agreement except when such term is being used in Tariff, Attachment M, in which case PIM

Board shall mean the Board of Managers of PIJM or its designated representative, exclusive of
any members of PJM Management.

PJM Control Area:
“PJM Control Area” shall mean the Control Area recognized by NERC as the PJM Control Area.
PJM Entities:

“PJM Entities” shall mean PJM, including the Market Monitoring Unit, the PJM Board, and
PJM’s officers, employees, representatives, advisors, contractors, and consultants.

PJM Interchange:

“PJM Interchange” shall mean the following, as determined in accordance with the Operating
Agreement and Tariff: (a) for a Market Participant that is a Network Service User, the amount by
which its interval Equivalent Load exceeds, or is exceeded by, the sum of the interval outputs of
its operating generating resources; or (b) for a Market Participant that is not a Network Service
User, the amount of its Spot Market Backup; or (c) the interval scheduled deliveries of Spot
Market Energy by a Market Seller from an External Resource; or (d) the interval net metered
output of any other Market Seller; or (e) the interval scheduled deliveries of Spot Market Energy
to an External Market Buyer; or (f) the inteval scheduled deliveries to an Internal Market Buyer
that is not a Network Service User.

PJM Interchange Energy Market:

“PJM Interchange Energy Market” shall mean the regional competitive market administered by
the Office of the Interconnection for the purchase and sale of spot electric energy at wholesale in
interstate commerce and related servicesestablished pursuant to Operating Agreement, Schedule
1, and the parallel provisions of Tariff, Attachment K — Appendix.

PJM Interchange Export:

“PJM Interchange Export” shall mean the following, as determined in accordance with the
Operating Agreement and Tariff: (a) for a Market Participant that is a Network Service User, the
amount by which its interval Equivalent Load is exceeded by the sum of the inteval outputs of its
operating generating resources; or (b) for a Market Participant that is not a Network Service
User, the amount of its Spot Market Backup sales; or (c) the interval scheduled deliveries of Spot
Market Energy by a Market Seller from an External Resource; or (d) the interval net metered
output of any other Market Seller.

PJM Interchange Import:



“PJM Interchange Import” shall mean the following, as determined in accordance with the
Operating Agreement and Tariff: (a) for a Market Participant that is a Network Service User, the
amount by which its interval Equivalent Load exceeds the sum of the interval outputs of its
operating generating resources; or (b) for a Market Participant that is not a Network Service
User, the amount of its Spot Market Backup purchases; or (c) the interval scheduled deliveries of
Spot Market Energy to an External Market Buyer; or (d) the interval scheduled deliveries to an
Internal Market Buyer that is not a Network Service User.

PJM Liaison:
“PJM Liaison” shall mean the liaison established under Tariff, Attachment M, section IlI.1.
PJM Management:

“PJM Management” shall mean the officers, executives, supervisors and employee managers of
PJM.

PJM Manuals:

“PJM Manuals” shall mean the instructions, rules, procedures and guidelines established by the
Office of the Interconnection for the operation, planning, and accounting requirements of the
PJM Region and the PIJM Interchange Energy Market.

PIJM Markets:

“PJM Markets” shall mean the PJM Interchange Energy and capacity markets, including the
RPM auctions, together with all bilateral or other wholesale electric power and energy
transactions, capacity transactions, ancillary services transactions (including black start service),
transmission transactions and any other market operated under the PJM Tariff or Operating
Agreement within the PJM Region, wherein Market Participants may incur Obligations to
PJMSettlement.

PJM Market Rules:

“PJM Market Rules” shall mean the rules, standards, procedures, and practices of the PJIM
Markets set forth in the PJM Tariff, the PJM Operating Agreement, the PJM Reliability
Assurance Agreement, the PJM Consolidated Transmission Owners Agreement, the PJM
Manuals, the PJM Regional Practices Document, the PJIM-Midwest Independent Transmission
System Operator Joint Operating Agreement or any other document setting forth market rules.

PJM Net Assets:

“PJM Net Assets” shall mean the total assets per PJM’s consolidated quarterly or year-end
financial statements most recently issued as of the date of the receipt of written notice of a claim
less amounts for which PJM is acting as a temporary custodian on behalf of its Members,
transmission developers/Designated Entities, and generation developers, including, but not



limited to, cash deposits related to credit requirement compliance, study and/or interconnection
receivables, member prepayments, invoiced amounts collected from Net Buyers but have not yet
been paid to Net Sellers, and excess congestion (as described in Operating Agreement, Schedule
1, section 5.2.6, and the parallel provisions of Tariff, Attachment K-Appendix, section 5.2.6).

PJM Region:
“PJM Region” shall have the meaning specified in the Operating Agreement.

PJM Regional Practices Document:

“PJM Regional Practices Document” shall mean the document of that title that compiles and
describes the practices in the PJM Markets and that is made available in hard copy and on the
Internet.

PJM Region Installed Reserve Margin:

“PJM Region Installed Reserve Margin” shall mean the percent installed reserve margin for the
PJM Region required pursuant to RAA, Schedule 4.1, as approved by the PJM Board.

PJM Region Peak Load Forecast:

“PJM Region Peak Load Forecast” shall mean the peak load forecast used by the Office of the
Interconnection in determining the PJM Region Reliability Requirement, and shall be determined
on both a preliminary and final basis as set forth in Tariff, Attachment DD, section 5.

PJM Region Reliability Requirement:

“PJM Region Reliability Requirement” shall mean, for purposes of the Base Residual Auction,
the Forecast Pool Requirement multiplied by the Preliminary PJM Region Peak Load Forecast,
less the sum of all Preliminary Unforced Capacity Obligations of FRR Entities in the PJIM
Region; and, for purposes of the Incremental Auctions, the Forecast Pool Requirement
multiplied by the updated PJM Region Peak Load Forecast, less the sum of all updated Unforced
Capacity Obligations of FRR Entities in the PJM Region.

PJMSettlement:

“PJM Settlement” or “PJM Settlement, Inc.” shall mean PJM Settlement, Inc. (or its successor),
established by PJM as set forth in Operaitng Agreement, section 3.3.

PJM Tariff, Tariff, O.A.T.T., OATT or PJM Open Access Transmission Tariff:
“PJM Tarift,” “Tariff,” “O.A.T.T.,” “OATT,” or “PJM Open Access Transmission Tariff” shall
mean that certain PJM Open Access Transmission Tariff, including any schedules, appendices or

exhibits attached thereto, on file with FERC and as amended from time to time thereafter.

Plan:



“Plan” shall mean the PJM market monitoring plan set forth in Tariff, Attachment M.
Planned Demand Resource:

“Planned Demand Resource” shall have the meaning specified in the Reliability Assurance
Agreement.

Planned External Financed Generation Capacity Resource:

“Planned External Financed Generation Capacity Resource” shall mean a Planned External
Generation Capacity Resource that, prior to August 7, 2015, has an effective agreement that is
the equivalent of an Interconnection Service Agreement, has submitted to the Office of the
Interconnection the appropriate certification attesting achievement of Financial Close, and has
secured at least 50 percent of the MWs of firm transmission service required to qualify such
resource under the deliverability requirements of the Reliability Assurance Agreement.
Planned External Generation Capacity Resource:

“Planned External Generation Capacity Resource” shall have the meaning specified in the
Reliability Assurance Agreement.

Planned Financed Generation Capacity Resource:

“Planned Financed Generation Capacity Resource” shall mean a Planned Generation Capacity
Resource that, prior to August 7, 2015, has an effective Interconnection Service Agreement and
has submitted to the Office of the Interconnection the appropriate certification attesting
achievement of Financial Close.

Planned Generation Capacity Resource:

“Planned Generation Capacity Resource” shall have the meaning specified in the Reliability
Assurance Agreement.

Planning Period:

“Planning Period” shall mean the 12 moths beginning June 1 and extending through May 31 of
the following year, or such other period approved by the Members Committee.

Planning Period Balance:

“Planning Period Balance” shall mean the entire period of time remaining in the Planning Period
following the month that a monthly auction is conducted.

Planning Period Quarter:



“Planning Period Quarter” shall mean any of the following three month periods in the Planning
Period: June, July and August; September, October and November; December, January and
February; or March, April and May.

Point(s) of Delivery:

“Point(s) of Delivery” shall mean the point(s) on the Transmission Provider’s Transmission
System where capacity and energy transmitted by the Transmission Provider will be made
available to the Receiving Party under Tariff, Part Il. The Point(s) of Delivery shall be specified
in the Service Agreement for Long-Term Firm Point-To-Point Transmission Service.

Point of Interconnection:

“Point of Interconnection” shall mean the point or points where the Customer Interconnection
Facilities interconnect with the Transmission Owner Interconnection Facilities or the
Transmission System.

Point(s) of Receipt:

“Point(s) of Receipt” shall mean point(s) of interconnection on the Transmission Provider’s
Transmission System where capacity and energy will be made available to the Transmission
Provider by the Delivering Party under Tariff, Part 1l. The Point(s) of Receipt shall be specified
in the Service Agreement for Long-Term Firm Point-To-Point Transmission Service.
Point-To-Point Transmission Service:

“Point-To-Point Transmission Service shall mean the reservation and transmission of capacity
and energy on either a firm or non-firm basis from the Point(s) of Receipt to the Point(s) of
Delivery under Tariff, Part II.

Power Purchaser:

“Power Purchaser” shall mean the entity that is purchasing the capacity and energy to be
transmitted under the Tariff.

PRD Curve:

“PRD Curve” shall have the meaning provided in the Reliability Assurance Agreement.
PRD Provider:

“PRD Provider” shall have the meaning provided in the Reliability Assurance Agreement.

PRD Reservation Price:



“PRD Reservation” Price shall have the meaning provided in the Reliability Assurance
Agreement.

PRD Substation:
“PRD Substation” shall have the meaning provided in the Reliability Assurance Agreement.
Pre-Confirmed Application:

“Pre-Confirmed Application” shall be an Application that commits the Eligible Customer to
execute a Service Agreement upon receipt of notification that the Transmission Provider can
provide the requested Transmission Service.

Pre-Emergency Load Response Program:

“Pre-Emergency Load Response Program” shall be the program by which Curtailment Service
Providers may be compensated by PJM for Demand Resources that will reduce load when
dispatched by PJM during pre-emergency conditions, and is described in Operating Agreement,
Schedule 1, section 8 and the parallel provisions of Tariff, Attachment K-Appendix, section 8.

Pre-Expansion PJM Zones:

“Pre-Expansion PJM Zones” shall be zones included in the Tariff, along with applicable
Schedules and Attachments, for certain Transmission Owners — Atlantic City Electric Company,
Baltimore Gas and Electric Company, Delmarva Power and Light Company, Jersey Central
Power and Light Company, Mid-Atlantic Interstate Transmission, LLC (“MAIT”) (MAIT owns
and operates the transmission facilities in the Metropolitan Edison Company Zone and the
Pennsylvania Electric Company Zone), PECO Energy Company, Pennsylvania Power & Light
Group, Potomac Electric Power Company, Public Service Electric and Gas Company, Allegheny
Power, and Rockland Electric Company.

Price Responsive Demand:

“Price Responsive Demand” shall have the meaning provided in the Reliability Assurance
Agreement.

Primary Reserve:

“Primary Reserve” shall mean the total reserve capability of generation resources that can be
converted fully into energy or Economic Load Response ParticipantBemand Rresources whose
demand can be reduced within ten minutes of a request from the Office of the Interconnection
dispatcher, and is comprised of both Synchronized Reserve and Non-Synchronized Reserve.

Primary Reserve Alert



“Primary Reserve Alert” shall mean a notification from PJM to alert Members of an anticipated
shortage of Operating Reserve capacity for a future critical period.

Primary Reserve Requirement:

“Primary Reserve Requirement” shall mean the demand for Primary Reservesmegawatts
required-to-be-maintained in a Reserve Zone or Reserve Sub-zone, as defined by the Operating
Reserve Demand Curve for Primary Reserve.;_ The requirement can be satisfied by any
comblnatlon of Synchronlzed Reserve or Non Synchromzed Reserve resourcesabsen%&ny

Prior CIL Exception External Resource:

“Prior CIL Exception External Resource” shall mean an external Generation Capacity Resource
for which (1) a Capacity Market Seller had, prior to May 9, 2017, cleared a Sell Offer in an RPM
Auction under the exception provided to the definition of Capacity Import Limit as set forth in
RAA, Atrticle I or (2) an FRR Entity committed, prior to May 9, 2017, in an FRR Capacity Plan
under the exception provided in the definition of Capacity Import Limit. In the event only a
portion (in MW) of an external Generation Capacity Resource has a Pseudo-Tie into the PIM
Region, that portion of the external Generation Capacity Resource , which can include up to the
maximum megawatt amount cleared in any prior RPM auction or committed in an FRR Capacity
Plan (and no other portion thereof) is eligible for treatment as a Prior CIL Exception External
Resource if such portion satisfies the requirements of the first sentence of this definition.

Project Financing:

“Project Financing” shall mean: (a) one or more loans, leases, equity and/or debt financings,
together with all modifications, renewals, supplements, substitutions and replacements thereof,
the proceeds of which are used to finance or refinance the costs of the Customer Facility, any
alteration, expansion or improvement to the Customer Facility, the purchase and sale of the
Customer Facility or the operation of the Customer Facility; (b) a power purchase agreement
pursuant to which Interconnection Customer’s obligations are secured by a mortgage or other
lien on the Customer Facility; or (c) loans and/or debt issues secured by the Customer Facility.

Project Finance Entity:

“Project Finance Entity” shall mean: (a) a holder, trustee or agent for holders, of any component
of Project Financing; or (b) any purchaser of capacity and/or energy produced by the Customer
Facility to which Interconnection Customer has granted a mortgage or other lien as security for
some or all of Interconnection Customer’s obligations under the corresponding power purchase
agreement.

Projected PJM Market Revenues:



“Projected PJM Market Revenues” shall mean a component of the Market Seller Offer Cap
calculated in accordance with Tariff, Attachment DD, section 6.

Proportional Multi-Driver Project:

“Proportional Multi-Driver Project” shall have the same meaning provided in the Operating
Agreement.

Pseudo-Tie:

“Pseudo-Tie” shall have the same meaning provided in the Operating Agreement.

Public Policy Objectives:

“Public Policy Objectives” shall have the same meaning provided in the Operating Agreement.
Public Policy Requirements:

“Public Policy Requirements” shall have the same meaning provided in the Operating
Agreement.

Qualifying Transmission Upgrade:

“Qualifying Transmission Upgrade” shall mean a proposed enhancement or addition to the
Transmission System that: (a) will increase the Capacity Emergency Transfer Limit into an LDA
by a megawatt quantity certified by the Office of the Interconnection; (b) the Office of the
Interconnection has determined will be in service on or before the commencement of the first
Delivery Year for which such upgrade is the subject of a Sell Offer in the Base Residual
Auction; (c) is the subject of a Facilities Study Agreement executed before the conduct of the
Base Residual Auction for such Delivery Year and (d) a New Service Customer is obligated to
fund through a rate or charge specific to such facility or upgrade.

Queue Position:

“Queue Position” shall mean the priority assigned to an Interconnection Request, a Completed
Application, or an Upgrade Request pursuant to applicable provisions of Tariff, Part V1.



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 for use 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:



“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 a
single General Electric Frame 7HA turbine with evaporative cooling, Selective Catalytic
Reduction technology all CONE Areas, dual fuel capability, and a heat rate of 9.134 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 Operating Agreement, Schedule 6 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 separately increase and



decrease its output or adjust load in response to a regulating control signal, in accordance with
the specifications in the PJIM 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:

“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 end-
customers, 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 or PJM Reliability Assurance Agreement:

“Reliability Assurance Agreement” or “ PJM 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.

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
Operating Agreement, Schedule 6 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
under Tariff, Part I1l. 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 maximum production cost, in $MWHh, willing to be
incurred to meet the Minimum Primary Reserve Requirement, Minimum Synchronized Reserve

Requirement, or Minimum 30-minute Reserve Requirement for asseciated-with-being-unable-to
meet-a-specificreserve-reguirementin-a_given Reserve Zone or Reserve Sub-zone, as specified
by the applicable Operating Reserve Demand Curve.—-A-Reserve-Penalty-Factorwill-be-defined
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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 K-
Appendix, section 7.5 in compliance with Operating Agreement, Schedule 1, section 7.4.2 (h)
and the parallel provisions of Tariff, Attachment K-Appendix, section 7.4.2(h), 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, section 7.4.2; 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:

“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 V.

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 PJIM Manuals.

Seasonal Capacity Performance Resource:

“Seasonal Capacity Performance Resource” shall have the same meaning specified in Tariff,
Attachment DD, section 5.5A.

| Secondary Reserve:




“Secondary Reserve” shall mean the reserve capability of generation resources that can be
converted fully into energy or Economic Load Response Participant resources whose demand
can be reduced within 30 minutes (less the capability of such resources to provide Primary
Reserve), from the request of the Office of the Interconnection, regardless of whether the
equipment providing the reserve is electrically synchronized to the Transmission System or not.

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.

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 Tariff,
section 212.4 or Tariff, Part VI, section 213.4 to secure the New Service Customer’s
responsibility for Costs under the Interconnection Service Agreement or Upgrade Construction
Service Agreement and Tariff, Part VI, section 217.

Segment:
“Segment” shall have the same meaning as described in Operating Agreement, Schedule 1,
section 3.2.3(e).

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 “Self-
Supply,” 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 Tariff, Part Il, section 15.3 or Tariff, Part
I11, section 29.1.

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 11 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 PJIM Region
Reliability Requirement determined for such Base Residual Auction, for purposes of the First
Incremental Auction, 2% of the of the PJIM 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

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 kKW.

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,
section 1.5A.02, or the special membership provisions established under the Emergency Load
Response and Pre-Emergency 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 PJIM
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,
section 2.

Start Additional Labor Costs:

“Start Additional Labor Costs” shall mean additional labor costs for startup required above
normal station manning levels.

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 K-
Appendix, section 2.3.

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 in association with restoration or black start service; or (iv) that is Direct Charging Energy.

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 Tariff, Attachment DD,
section 5.10(a) 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
such LDA, respectively, minus the Short-Term Resource Procurement Target for the PJIM
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 PJIM 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 PJIM
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 PJIM 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 PJIM 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 PIM
Region or such LDA, reduced by the amount of load served under the FRR Alternative].

Sub-meter:

“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 Bemand-Economic Load Response Participant Rresources 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 Bemand-Economic Load Response Participant Rresources 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 self-scheduled Synchronized Reserve capability.




Synchronized Reserve Requirement:

“Synchronized Reserve Requirement” shall mean the demand for Synchronized Reserve
megawattsrequired-to-be-maintained-in a Reserve Zone or Reserve Sub-zone, as defined by the
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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 1I, section 13.6. Such conditions must be identified
in the Transmission Customer’s Service Agreement.

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, section 2.

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.



1.5A Economic Load Response Participant.

As used in this section 1.5A, the term “end-use customer” refers to an individual location or
aggregation of locations that consume electricity as identified by a unique electric distribution
company account number.

1.5A.1 Qualification.

A Member or Special Member that is an end-use customer, Load Serving Entity or Curtailment
Service Provider that has the ability to cause a reduction in demand as metered on an electric
distribution company account basis (or for non-interval metered residential Direct Load Control
customers, as metered on a statistical sample of electric distribution company accounts utilizing
current data, as described in the PJIM Manuals) or has an On-Site Generator that enables demand
reduction may become an Economic Load Response Participant by complying with the
requirements of the applicable Relevant Electric Retail Regulatory Authority and all other
applicable federal, state and local regulatory entities together with this section 1.5A including,
but not limited to, section 1.5A.3 below. A Member or Special Member may aggregate multiple
individual end-use customer sites to qualify as an Economic Load Response Participant, subject
to the requirements of section 1.5A.10 below.

1.5A.2 Special Member.

Entities that are not Members and desire to participate solely in the Real-time Energy Market by
reducing demand may become a Special Member by paying an annual membership fee of $500
plus 10% of each payment owed by PIMSettlement for a Load Reduction Event not to exceed
$5,000 in a calendar year. For entities that become Special Members pursuant to this section, the
following obligations are waived: (i) the $1,500 membership application fee set forth in
Operating Agreement, Schedule 1, section 1.4.3 and the parallel provisions of Tariff, Attachment
K-Appendix, section 1.4.3; (ii) liability under Operating Agreement, section_15.2 for Member
defaults; (iii) thirty days notice for waiting period; and (iv) the requirement for 24/7 control
center coverage. In addition, such Members shall not have voting privileges in committees or
sector designations, and shall not be permitted to form user groups. On January 1 of a calendar
year, a Special Member under this section, at its sole election, may become a Member rather than
a Special Member subject to all rules governing being a Member, including regular application
and membership fee requirements.

1.5A.3 Registration.

1. Prior to participating in the PJM Interchange Energy Market or Ancillary Services
Market, Economic Load Response Participants must complete either the Economic Load
Response or Economic Load Response Regulation Only Registration Form posted on the Office
of the Interconnection’s website and submit such form to the Office of the Interconnection for
each end-use customer, or aggregation of end-use customers, pursuant to the requirements set
forth in the PJIM Manuals. Notwithstanding the below sub-provisions, Economic Load Response
Regulation Only registrations and Economic Load Response residential customer registrations
not participating in the Day-ahead Energy Market will not require the identification of the



relevant Load Serving Entity, nor will such relevant Load Serving Entity be notified of such
registration or requested to verify such registration. All other below sub-provisions apply
equally to Economic Load Response Regulation Only registrations, and Economic Load
Response residential customer registrations not participating in the Day-ahead Energy Market, as
well as Economic Load Response registrations.

a.

For end-use customers of an electric distribution company that distributed more

than 4 million MWh in the previous fiscal year:

After confirming that an entity has met all of the qualifications to be an Economic
Load Response Participant, the Office of the Interconnection shall notify the
relevant electric distribution company or Load Serving Entity, as determined
based upon the type of registration submitted (i.e., either an Economic Load
Response registration, Economic Load Response residential customer
registrations not participating in the Day-ahead Energy Market, or an Economic
Load Response Regulation Only registration), of an Economic Load Response
Participant’s registration and request verification as to whether the load that may
be reduced is subject to another contractual obligation or to laws or regulations of
the Relevant Electric Retail Regulatory Authority that prohibit or condition the
end-use customer’s participation in PJM’s Economic Load Response Program.
The relevant electric distribution company or Load Serving Entity shall have ten
Business Days to respond. A relevant electric distribution company or Load
Serving Entity which seeks to assert that the laws or regulations of the Relevant
Electric Retail Regulatory Authority prohibit or condition (which condition the
electric distribution company or Load Serving Entity asserts has not been
satisfied) the end-use customer's participation in PJM’s Economic Load Response
program shall provide to PJM, within the referenced ten Business Day review
period, either: (a) an order, resolution or ordinance of the Relevant Electric Retail
Regulatory Authority prohibiting or conditioning the end-use customer's
participation, (b) an opinion of the Relevant Electric Retail Regulatory
Authority’s legal counsel attesting to the existence of a regulation or law
prohibiting or conditioning the end-use customer's participation, or (c) an opinion
of the state Attorney General, on behalf of the Relevant Electric Retail Regulatory
Authority, attesting to the existence of a regulation or law prohibiting or
conditioning the end-use customer's participation.

In the absence of a response from the relevant electric distribution company or
Load Serving Entity with