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1200 G Street, N.W., Suite 600
Washington, D.C. 20005-3898
Phone: 202.393.1200

Fax: 202.393.1240
wrightlaw.com

December 3, 2018
Kimberly D. Bose
Secretary
Federal Energy Regulatory Commission
888 First Street, N.E.
Washington, D.C. 20426-0001
Re:  PJM Interconnection, L.L.C., Docket No. ER19-  -000

Order No. 841 Compliance Filing — ESR Markets and Operations

Proposal
Dear Ms. Bose:

In compliance with the directives of the Federal Energy Regulatory Commission’s
(“Commission” or “FERC”) Order No. 841,' PJM Interconnection, L.L.C. (“PJIM”)
submits the enclosed revisions to the PJM Open Access Transmission Tariff (“Tariff”)
and the Amended and Restated Operating Agreement of PJM Interconnection, L.L.C.
(“Operating Agreement”)? (accompanied by additional revisions requesting an earlier

effective date in Docket No. ER19-462-000) to establish a participation model that

facilitates the participation of Energy Storage Resources (“ESRs”)® in the PJM Capacity,

! Electric Storage Participation in Markets Operated by Regional Transmission
Organizations and Independent System Operators, Order No. 841, 11l FERC stats.
& Regs., Regs. Preambles 1 31,398 (2018).

2 Where PJM refers herein to provisions in Tariff, Attachment K-Appendix, those
references also are intended to encompass the identical, parallel provisions in
Operating Agreement, Schedule 1.

3 Capitalized terms not otherwise defined herein have the meaning specified in, as
applicable, the Tariff, Operating Agreement, or Reliability Assurance Agreement
Among Load Serving Entities in the PJM Region (“RAA”). As explained in
Section I11.A below, PJM proposes to revise its definition of ESR to be consistent
with the Commission’s definition of “electric storage resource” as defined in
Order No. 841. See Order No. 841 at P 29.
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Energy, and Ancillary Services markets (“ESR Participation Model”).

PJM requests that the Commission issue an order by May 30, 2019, on the
revisions requested herein. As discussed in greater detail below, the requested May 30,
2019 order will ensure that PJM has sufficient time to make necessary system changes in
order to effectuate the deadline of December 3, 2019, required by Order No. 841.

In addition to the proposed revisions requested herein, PJM is contemporaneously
filing additional proposed Tariff and Operating Agreement revisions in compliance with
Order No. 841 with a requested effective date of February 3, 2019 (“ESR Accounting
Proposal”). The ESR Accounting Proposal includes proposed definitional changes to
allow PJM to test its proposed accounting methodologies and gather sufficient data prior
to full deployment of the ESR Participation Model. When taken together, the proposed
revisions in the instant filing and the revisions included in the ESR Accounting Proposal
constitute the entirety of PJM’s ESR Participation Model and satisfy the directives of
Order No. 841. However, because the ESR Accounting Proposal requests an earlier
effective date to facilitate successful deployment of the ESR Participation Model than the
other requested changes, PJM has divided the ESR Participation Model into two separate
filings to allow the Commission to independently review and grant the ESR Accounting
Proposal on an expedited basis. As discussed in the transmittal letter accompanying the
ESR Accounting Proposal, expedited consideration of that proposal is in the public
interest because it will allow PJM to obtain sufficient testing data to ensure that an ESR’s
wholesale and retail sales and purchases are appropriately captured, accounted for and

settled.

4 See Order No. 841 at P 349; see also infra Section V.
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l. EXECUTIVE SUMMARY

The ESR Participation Model is designed to ensure that ESRs are eligible to
provide services in a manner consistent with other resources providing that service.
While some ESRs have characteristics that render them unique as compared to other
resources, PJM evaluated each of its available market services to determine not only
whether changes would be needed to allow ESRs to effectively participate, but also how
ESRs should be treated to ensure their eligibility did not result in preferential treatment or
undue discrimination. As set forth in more detail below, PJM’s proposed ESR
Participation Model is just and reasonable and complies with all requirements for electric
storage resources set forth in Order No. 841.

PJM’s Capacity, Energy and Ancillary Services markets offer a number of
products that participating resources can provide to serve load and to ensure the
reliability of the electric grid. Although ESRs are currently eligible to provide services in
each of these markets, the ESR Participation Model explicitly addresses each available
product to ensure that ESRs are eligible to provide all services which they are technically
capable of providing.® Specifically, as fully explained in Section 111 below, modifications
to various aspects of PJM’s Capacity, Energy and Ancillary Services markets were not
necessary to implement the proposed ESR Participation Model, including the capacity
must-offer requirement; determination of capacity value; the Day-ahead Energy Market
must-offer requirement; determining performance under Capacity Performance rules;

providing a “non-energy” resource option in the Regulation market; rules governing

5 See Order No. 841 at P 76.
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Reactive Supply and Reactive Service; requirements for Black Start Service; real-time

telemetry requirements; and rules governing sales at LMP.

Further, PJM’s comprehensive review of its markets and operations—along with

the stakeholder input described in Section I1.B—revealed that certain changes are needed

to fully support the ESR Participation Model required by Order No. 841. These changes

are explained in detail in Section I11 below, and include:

Definitional Changes: As supported in the ESR Accounting Proposal, PIM
proposes to modify the definitions of “Energy Storage Resource” and “Capacity
Storage Resource” to align with the Commission’s definition of “electric storage
resource” in Order No. 841. PJM also proposes to define the ESR Participation
Model and to adopt several definitions to describe ESR charging for purposes of
applying transmission charges.

Qualification Criteria: PJM proposes to modify Tariff, Attachment K-Appendix
to allow ESRs to purchase energy directly from PJM and to create specific
purchasing criteria for the ESR Participation Model.

Modal Operation in Energy Markets: PJM proposes to allow ESRs to
participate in the Day-ahead and Real-time Energy Markets under three different
modes: (1) Continuous Mode; (2) Charge Mode; and (3) Discharge Mode. This
feature provides significant flexibility and allows Market Participants of ESRs to
best manage a resource’s changing and discharging cycles.

Reserves: PJM proposes to allow ESRs to participate in the Synchronized
Reserve market without an energy offer. If an ESR is physically disconnected
from the grid and capable of providing energy within ten minutes, when then
resource’s reserve MWs shall be treated as Non-Synchronized Reserve. An ESR
wishing to clear the Day-Ahead Scheduling Reserve market would require an
energy schedule and must inform PJM that it would like to be considered.

Black Start Service: PJM proposes to maintain its current requirements for
Black Start Service, which expressly permit the submission of proposals by ESRs.

Outages and EFOR-d Calculation: PJM proposes to require ESRs to report an
outage when the resource is unable to meet its Capacity obligation due to

equipment failure. “Out of charge” will not be considered an outage for purposes
of EFOR-d calculation.
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ESR Operational Characteristic Data: PJM proposes to account for all
physical and operational characteristics described in Order No. 841. Some
characteristics are accounted for via data entered into Markets Gateway, while
others are accounted for by other submitted bidding parameters.

Conflicting Dispatch Rules: PJM proposes to prevent conflicting dispatch
through its modal operation construct for ESRs.

Cost-Based Offers: PJM proposes to continue to apply the same offer
development rules applied to all generation resources. PJM proposes to modify
the Operating Agreement to clarify that ESR fuel costs include charging costs for
later injection to the grid.

Deviation Charges: PJM proposes to apply deviation charges to ESRs in the
same manner as all generation resources incur such charges.

Make-Whole Payments: PJM proposes to allow ESRs to receive make-whole
payments when moved off economic dispatch.

Billing for ESR Charging: PJM proposes to adopt several different categories of
ESR charging to account for the resource’s behavior and later resale of the
charging energy. PJM also proposes to modify the Tariff to exempt “Direct
Charging Energy” from certain “load” charges related administrative costs, uplift,
and meter/scheduling reconciliation.

In addition to the proposed Tariff and Operating Agreement revisions, changes to

the PJM Manuals will be required to implement the ESR Participation Model. Those

changes will be developed and vetted through PJM’s stakeholder process prior to

implementation on December 3, 2019.

Finally, Order No. 841 clarifies that in instances where a regional transmission

organization (“RTO”) or independent system operator (“ISO”) has market participation

rules already in place for certain ESRs (such as PIJM currently has for pumped storage

hydroelectric resources), those rules are not required to be consolidated with the
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participation model required for compliance with Order No. 841.° As discussed in more
detail below, PJIM does not propose to require resources currently operating in PJM’s
Capacity, Energy, and/or Ancillary Services markets utilizing PJM’s optimized pumped
storage hydroelectric participation model to instead utilize the ESR Participation Model.
Rather, such resources that satisfy the criteria for the ESR Participation Model will have
the opportunity to select the model in which they would like to participate.
1. OVERVIEW OF ESR PARTICIPATION MODEL

A Order No. 841

Order No. 841 modifies section 35.28 of the Commission’s regulations’ to require
each RTO and ISO to revise its tariff to “establish market rules that, recognizing the
physical and operational characteristic of electric storage resources, facilitate their
participation in the RTO/ISO markets.”® These market rules, referred to in Order No.
841 as a “participation model,” must meet the following four prongs: (1) ensure that a
resource using the electric storage resource participation model is eligible to provide all
capacity, energy, and ancillary services that it is technically capable of providing in
ISO/RTO markets; (2) ensure that a resource using the participation model can be
dispatched and set wholesale market clearing prices as both a wholesale seller and
wholesale buyer consistent with existing market rules; (3) account for physical and

operational characteristics of electric storage resources through bidding parameters or

6 See Order No. 841 at P 55.
! 18 C.F.R. § 35.28.
8 Order No. 841 at P 1.
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other means; and (4) establish a minimum size requirement for participation that does not
exceed 100 kw.°

ESRs already are eligible to participate—and do, in fact, participate—in PJM’s
Capacity, Energy, and Ancillary Services markets.’® However, the current eligibility and
market rules do not entirely meet the Commission’s four-pronged directive to remove
barriers to entry for electric storage resources. Accordingly, PJM evaluated the status
quo for ESR participation in PJIM markets, identified those provisions of the PIM Tariff
and Operating Agreement that require changes to comply with Order No. 841, and
solicited stakeholder feedback over a nine-month period to develop the ESR Participation
Model presented herein.

PJM has evaluated and proposed modifications, where necessary, to the Capacity,
Energy, and Ancillary Services markets and associated support areas to ensure that the
ESR Participation Model recognizes the physical and operational characteristics of
electric storage resources and is consistent with all four requirements of Order No. 841.
As discussed in Section Il below, under the ESR Participation Model, ESRs will be
eligible to provide all services for which they are technically capable of providing in the
PJM Capacity, Energy, and Ancillary Services markets. As such, ESRs using the ESR
Participation Model can be dispatched and will be able to set price while discharging and

charging.!  PJM proposes to account for some of the physical and operational

o Order No. 841 at P 4; see also 18 C.F.R. 8 35.28(g)(9)(i).

10 For instance, pumped storage hydroelectric resources, which fall within PJM’s

ESR definition, are active participants in the Capacity, Energy, and Ancillary
Services markets.

1 See infra Section 111.C.1.
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characteristics of ESRs through bidding parameters in PJIM Markets Gateway!? and
others through an ESR’s state of charge management.'® Finally, PJM’s current 100 kW
participation threshold is consistent with the Commission’s minimum size threshold

requirement.'4

B. PJM Stakeholder Process

To ensure transparency and direct stakeholder involvement in developing the ESR
Participation Model, PJM convened five special sessions of the Market Implementation
Committee (“MIC”) to present its proposed participation model and solicit feedback.™
PJM also provided updates on the status of the work to develop the participation model to
the MIC, Distributed Energy Resources Subcommittee, Operating Committee, Planning
Committee, Markets and Reliability Committee, and the Members Committee Webinar.

Additionally, stakeholders were invited to contact PJIM’s ESR Participation
Model team directly to ask follow-up questions and provide additional comments on the

proposal. PJM’s ESR Participation Model team also worked one-on-one with interested

12 Markets Gateway is a PJM tool that allows members to submit information and
obtain data needed to conduct business in the Day-Ahead, Regulation and
Synchronized Reserve Markets. See Markets Gateway, PJM Interconnection,
L.L.C, https://www.pjm.com/markets-and-operations/etools/markets-
gateway.aspx (last visited Nov. 28, 2018).

13 See infra Section 111.E.3: see also Order No. 841 at P 236.
14 See Order No. 841 at P 270.

15 See Market Implementation Committee, Stakeholder Process Work Plan, PJIM
Interconnection, LLC. (May 10, 2018), https://www.pjm.com/-
/media/committees-groups/committees/mic/20180510-special-electric/20180510-
item-05-esr-workplan.ashx.

16 See Issue Details, Electric Storage Participation — FERC Order 841, PIM
Interconnection L.L.C., https://www.pjm.com/committees-and-groups/issue-
tracking/issue-tracking-details.aspx?Issue=%7b736 CAC88-9404-4421-B178-
BD392366098F%7d (last visited Nov. 28, 2018).
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stakeholders to address specific concerns. Such stakeholder involvement was valuable in
crafting the ESR Participation Model filed herein, as PJM re-evaluated and modified
certain components of its proposal leading up to this filing based on questions and
comments received.

C. Current Interconnection Rules Support the ESR Participation Model

Order No. 841 clarifies that electric storage resources include any resource that is
“both physically designed and configured to inject energy back onto the grid and, as
relevant, is contractually permitted to do so (e.g., per the interconnection agreement
between an electric storage resource that is interconnected on a distribution system or
behind-the-meter with the distribution utility to which it is interconnected).”*’ Whether
interconnected at the transmission or distribution level or behind a customer meter, PJIM
treats ESRs in the same manner it treats all other resources requesting to interconnect to
participate in PJM’s Capacity, Energy, and/or Ancillary Services markets. In the course
of its review, PJM determined that no Tariff or Operating Agreement changes are
required to the interconnection process in order to implement the ESR Participation
Model.

Specifically, PJM’s interconnection process is set forth in Tariff, Parts IV and

V1.1 As with all other Generation Interconnection Customers seeking to interconnect,

ESRs will be required to provide information such as one-line diagrams, operating

17 Order No. 841 at P 33.

18 See generally Tariff, Parts IV (Interconnections with the Transmission System) &
VI (Administration and Study of New Service Requests; Rights Associated with
Customer — Funded Upgrades).
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configurations, and operating parameters.'® PJM will perform the appropriate studies for
ESRs based on their maximum facility output and requested Capacity Interconnection
Rights consistent with current practice.?® Upon completion of the relevant studies, the
ESR connecting at the transmission level or at a distribution point where a prior
jurisdictional sale has occurred will execute an Interconnection Service Agreement.?!
ESRs interconnecting at the distribution level where no prior Commission-jurisdictional
interconnection has occurred would execute a Wholesale Market Participation
Agreement.??

The ESR Participation Model does not need to modify the current requirements
for quantifying Capacity Interconnection Rights.?® Capacity Interconnection Rights are
the rights to participate as a Generation Capacity Resource and inject energy into the
Transmission System and the Point of Interconnection where the generation
interconnection facilities connect to the Transmission System.?* As described in more
detail in Section 111.B.2, below, ESRs entering the New Services Queue may request

Capacity Interconnection Rights in the lesser of the amount of power discharge (in units

of MW) that can be sustained for ten continuous hours, or the size of the generator

19 See id., section 36.1.01.
20 See id., sections 36, 110.
21 See id., section 110.5.

22 See PJM Manual 14A: New Services Request Process, PJM Interconnection,
L.L.C., section 5.7 (rev. 24, July 26, 2018), https://pjm.com/-
/media/documents/manuals/m14a.ashx.

23 See Tariff, section 230.
24 See id., section 1, Definitions — C-D.
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hardware.? This requirement aligns with treatment of ESR facilities currently operating
in PJM today (e.g., pumped storage hydroelectric facilities).

Because PJM’s current interconnection process supports the interconnection of
ESRs to participate in PJM’s Capacity, Energy, and Ancillary Services markets, PJM
does not propose any revisions to the Tariff or Operating Agreement to facilitate
interconnection for ESRs utilizing the ESR Participation Model.
I,  PJM’S PROPOSED PARTICIPATION MODEL

PJM’s proposed ESR Participation Model allows ESRs to provide all services
which they are technically capable of providing. The Commission clarified in Order No.
841 that “technically capable” of providing a service means that a resource “can meet all
of the technical, operational, and/or performance requirements that are necessary to
reliably provide that service.”?® The Commission further clarified that the technical
capability requirement includes Black Start Service, primary frequency response service,
and reactive power service.?’

As described in detail below, PJM’s ESR Participation Model satisfies the

Commission’s directive to ensure ESRs are eligible to provide all services which they

are technically capable of providing in PJIM’s Capacity, Energy, and Ancillary Services

markets.

25 See System Planning Department, PJM Manual 21: Rules and Procedures for
Determination of Generating Capability, PJM Interconnection, L.L.C., section
2.1(13) (rev. 12, Jan. 1, 2017), https://pjm.com/-

/media/documents/manuals/m21.ashx (“PJM Manual 21”).
26 Order No. 841 at P 78.
27 See id. at P 80.
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A. Definitional Changes and Qualification Criteria
1. ESR and Capacity Storage Resource
Order No. 841 defines an “electric storage resource” as “a resource capable of
receiving electric energy from the grid and storing it for later injection of electric energy
back to the grid.”?® The Commission intended this definition to broadly capture all
electric storage resources and to include storage resources located on the interstate
transmission system, on a distribution system, or behind the meter.?® As discussed in the
ESR Accounting Proposal, PJM’s current definitions of “Energy Storage Resource” and
“Capacity Storage Resource” fall short of the requirements of Order No. 841.
Accordingly, PJM proposes to modify these definitions to reflect the Commission’s
definition of electric storage resource and to provide clarity regarding the availability of
the ESR Participation Model.*
2. Qualification Criteria
Order No. 841 requires each RTO/ISO to define in its tariff the criteria that a

resource must meet to use the ESR Participation Model (i.e., qualification criteria).3!

Currently, an ESR may participate in the PJIM markets only as a Market Seller, and such

28 See id. at P 29; see also 18 C.F.R. § 35.28(b)(9).
29 See Order No. 841 at P 29.

30 Specifically, in the contemporaneously filed ESR Accounting Proposal, PIM
proposes to define Energy Storage Resource as “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” and Capacity Storage Resource as “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.”

3 Order No. 841 at P 61.
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resources’ ability to both buy and sell at wholesale render them distinct from the current
Tariff rules governing Market Buyers. Accordingly, PJM proposes to expand its current
market rules to allow ESRs to both buy and sell at wholesale and to adopt new rules
regarding purchases and sales unique to ESRs.

PJM proposes to modify Tariff, Attachment K-Appendix, section 1.7.2 and add
new subsection 1.7.2B to allow ESRs to purchase energy directly from PJM. The
proposed revisions remove barriers to entry for ESRs by eliminating the exclusivity for
purchases to “Market Buyers.” Market Buyers are subject to certain qualification criteria
(such as obtaining transmission service) that may be inconsistent with the unique
characteristics of ESRs.32 Accordingly, the proposed revisions to section 1.7.2 and new
section 1.7.2B will allow ESRs to purchase from PJM, as contemplated by Order No.
841, without triggering all Market Buyer responsibilities as would be the case if PJIM
were to simply define an ESR as a Market Buyer. Nevertheless, as discussed in section
I1I.F.5 below, and as required under Order No. 841, PJM carefully reviewed each
instance in which a Market Buyer is subject to charges as a result of being a Transmission
Customer under the Tariff to determine if and when such charges should apply to ESRs
as a result of purchasing energy or related services in the PJM markets.

1.7.2 Market Buyers.

Only Market Buyers and Energy Storage Resources shall be eligible to

purchase energy or related services in the PJM Interchange Energy

Market. Market Buyers shall comply with all requirements for making
purchases from the PJM Interchange Energy Market.

32 See Tariff, Attachment K-Appendix, section 1.4.
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1.7.2B Enerqy Storage Resources.

Energy that an Energy Storage Resource purchases from the PJM
Interchange Energy Market must be Direct Charging Energy. Energy
Storage Resources shall comply with all requirements for making
purchases from the PJM Interchange Energy Market.

To ensure that ESR purchases from PJM are limited to sales for resale in interstate
commerce, PJIM proposes to add new Tariff, Attachment K-Appendix, section 1.4A.1.
New subsection 1.4A.1(a) limits ESR purchases to purchases of energy that are stored for
later resale to PIM. %3

1.4A.1 Energy Storage Resource Participation Model.

(a) Energy that an Energy Storage Resource Model Participant purchases
from the PJM Interchange Energy Market must be Direct Charging

Energy.

As the Commission clarified in Order No. 841, “[t]he sale of charging energy to
an electric storage resource that the resource then resells into the RTO/ISO markets is a
sale for resale in interstate commerce and thus subject to the Commission’s
jurisdiction.”® The Commission further noted that charging energy lost to “conversion
inefficiencies” should also be settled at the wholesale Locational Marginal Price (“LMP”)
provided that such losses “are an unavoidable component of the conversion, storage, and
discharge process that is used to resell energy back to the RTO/ISO markets and are not a
component of what an RTO/ISO considers onsite load.”® Accordingly, PJM proposes a

new defined term, “Direct Charging Energy,” to refer to energy that is purchased from

3 By contrast, any purchases for resale to an end user, including those stored in an
ESR, must be made by a Load Serving Entity. See infra note 139.

34 Order No. 841 at P 300 (citing PJM Interconnection L.L.C., 149 FERC { 61,185,
at P 12 (2014), order on reh’g, 151 FERC 1 61,231, at PP 16-18 (2015)).

% Id. at P 302.
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PJM markets, stored, and returned to the PJM markets or lost to conversion
inefficiencies:

“Direct Charging Energy” shall mean the energy that an Energy Storage
Resource purchases from the PJM 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.

In order to provide additional clarity regarding the criteria for purchases and sales
under the ESR Participation Model, PJM proposes to define a new term, “Energy Storage
Resource Model Participant,” as “an Energy Storage Resource utilizing the Energy
Storage Resource Participation Model.” PJM proposes to define “Energy Storage
Resource Participation Model” as “the participation model accepted by the Commission”
with the corresponding docket information. PJM further proposes to set forth specific
criteria in new subsection 1.4A.1(b) for wholesale energy market purchases by ESRs
utilizing the ESR Participation Model. These criteria are modeled after the purchasing
limitations and transmission service requirements for Market Buyers as set forth in Tariff,
Attachment K-Appendix, section 1.4:

1.4A.1 Energy Storage Resource Participation Model.

(b) An Energy Storage Resource utilizing the Energy Storage
Resource Participation Model shall arrange for Network Transmission
Service or Point-to-Point Transmission Service for purchases of Non-
Dispatched Charging Energy. Network Transmission Service and Point-
to-Point _Transmission Service are not required for purchases of
Dispatched Charging Energy.%®

PJM’s proposed changes to its definitions and qualification criteria are consistent

3% Proposed terms ‘“Non-Dispatched Charging Energy” and “Dispatched Charging

Energy” are defined and further explained infra Section I11.F.5.
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with the directives of Order No. 841. The proposed qualifications are based on ESRs’
ability to both receive and inject energy and allow any resource satisfying the ESR and/or

Capacity Storage Resource definitions to participate in the ESR Participation Model.

3. ESRs Choosing Not to Participate in the ESR Participation
Model

As discussed in Order No. 841, ESRs that currently participate in RTO/ISO
markets (e.g., such as pumped storage hydroelectric optimized, generation or load), are
not required to utilize the participation model developed to comply with the
Commission’s Final Rule.®” In addition, Order No. 841 does not require RTOs/ISOs to
consolidate existing market rules for ESR participation with the participation model
developed to comply with the Final Rule.®

PJM currently utilizes an optimizer tool to establish the Day-ahead Energy
Market schedule for certain large®® pumped storage hydroelectric resources. The
optimizer tool was developed by PJM to address the significant size and operational
constraints of these resources, which cannot be quickly turned on or off. In real time,
PJM expects these resources to follow their Day-ahead Energy Market schedule, which
the Market Participant can develop and provide to PJM (as a non-dispatchable, self-

scheduled resource),*® or which PJM can develop using the pumped storage

37 See Order No. 841 at P 56.
38 See id. at P 55.

39 The smallest pumped storage hydroelectric resource currently utilizing the
optimizer is 500 MWs in size.

40 For purposes of Day-ahead Energy Market participation, “non-dispatchable”
resources have output that cannot be controlled by PJM dispatchers.
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hydroelectric optimizer tool and the Market Participant’s offer parameters.** This
approach allows large pumped storage hydroelectric Market Participants to optimize
their own pond levels and market participation, while giving PJM dispatchers the
information and control necessary to reliably operate the system. Because the optimizer
tool was specifically developed to assist PJIM dispatch in operating large pumped storage
hydroelectric resources, it is not scalable to small, fast-responding resources such as
batteries and is therefore not available to other ESRs in PJM’s markets.

By contrast, the proposed ESR Participation Model emphasizes real-time
dispatchability (i.e., the resource is capable of responding to PJM dispatch) and price
setting. These characteristics are suited to smaller units that operate less frequently and
are capable of frequently alternating between charging and discharging.

ESRs currently participating in PJM’s wholesale markets will not be required to
opt into the proposed ESR Participation Model in order to continue participating.*?

Resources utilizing the optimizer tool for pumped storage hydroelectric resources will

also be able to continue to operate as they currently do in PIM.*® In the alternative,

41 See Tariff, Attachment K-Appendix, section 1.10.1A(d)(x); see also Day-Ahead
and Real-Time Market Operations, PJM Manual 11: Energy & Ancillary Services
Market Operations, PJM Interconnection, L.L.C., section 5.2.5 (rev. 98, Oct. 25,
2018),  https://www.pjm.com/-/media/documents/manuals/mil.ashx  (“PJM
Manual 117).

42 For instance, ESRs currently participating in PJM’s Regulation market will not be
required to opt into the ESR Participation Model in order to continue providing
Regulation service.

43 As discussed above, the pumped storage hydroelectric optimizer was developed
by PJM to manage the Day-ahead Energy Market schedules of large-scale
pumped storage hydroelectric resources and is not technically capable of serving
all pumped storage hydroelectric resource participation. In fact, other pumped
storage hydroelectric resources currently participate in the PJIM Energy, Capacity
and Ancillary Services markets without utilizing the optimizer tool.


https://www.pjm.com/-/media/documents/manuals/m11.ashx
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these resources can opt into the ESR Participation Model. If a resource that currently
utilizes the pumped storage hydroelectric optimizer chooses to use the ESR Participation
Model, the resource will be dispatchable in real time but will not be optimized across the
twenty-four hours of the Day-ahead Energy Market. Resources utilizing the ESR
Participation Model will be subject to the proposed transmission charges applicable to
purchases of certain charging energy noted above and discussed in Section IIl.F.5
below. PJM proposes to allow resources eligible for both participation models to
annually select the participation model in which they prefer to operate.

B. Capacity Market

PIM’s three-year forward capacity market, known as the Reliability Pricing
Model (“RPM”), ensures long-term grid reliability by securing the appropriate amount of
power supply resources needed to meet forecasted demand.** The capacity market is
resource agnostic, meaning RPM clears offered resources not by resource type but rather
through an algorithm that matches offered MWs to system demand in a least cost manner.
In that way, PJM capacity requirements are met by utilizing all resources that are capable
of meeting the operational and performance requirements of a Capacity Performance
Resource, including Intermittent Resources (e.g., wind, solar, run-of-river hydroelectric),
Energy Efficiency Resources, thermal generators, Demand Resources, and Capacity
Storage Resources.

While there has been notable development of flywheel and battery storage in the
PJM region in the last few years, those currently operating are short duration resources

(i.e., designed to maintain a maximum discharge rate for approximately one hour or less).

a4 See Tariff, Attachment DD.
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No such facilities have yet offered into RPM on a stand-alone basis. There has, however,
since even before the inception of RPM, been substantial (currently about 5,000 MW)
storage resource participation in the Capacity Market in the form of pumped storage
hydroelectric resources.

In compliance with Order No. 841, the ESR Participation Model includes a
number of clarifications to PJM’s status quo operation of the capacity market to facilitate
participation in RPM. Specifically, as described above, PJIM proposes to revise the
definition of “Capacity Storage Resource” to include all ESRs.*® As such, ESRs utilizing
the ESR Participation Model will be eligible to participate in the RPM. As discussed in
detail below, PJM also clarifies its requirements regarding the Installed Capacity
(“ICAP”) MW value of a Capacity Storage Resource to ensure ESRs are treated in a
manner comparable with other resources with similar operational characteristics.

1. Capacity Must-Offer Requirement

As set forth in Tariff, Attachment DD, section 6.6A, Capacity Storage Resources
are categorically exempt from the capacity must-offer requirement to offer into RPM
auctions.*®  However, the exemption from the RPM must-offer requirement does not
prohibit these resource types from participating in RPM as stand-alone Capacity
Performance Resources; they may voluntarily elect to participate in RPM at a MW level
up to, but not exceeding the capacity value of the resource.*’ PJM proposes to maintain

this construct in the ESR Participation Model. Accordingly, while ESRs will not be

4 Proposed Tariff, section 1, Definitions — C-D.
46 See Tariff, Attachment DD, section 6.6A.
47 See id., Attachment DD, section 6.6A(c).
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required to offer into RPM, ESRs that satisfy the existing technical requirements for
Capacity Storage Resources may elect to participate in RPM auctions.
2. Determination of Capacity Value

PJM currently determines the capacity value (in installed capacity MWs) of
Capacity Storage Resources based on their discharge/output capability over ten hours of
sustained continuous operation. This approach is consistent with the RAA and comports
with how PJM determines capability for other dispatchable resource types. As Order No.
841 provides, nothing in “the physical and operational characteristics of electric storage
resources”™® requires that they must be afforded a more lenient standard than other
dispatchable resources to determine the resource capability they can offer as capacity to
meet the reliability needs of the PJM Region. Indeed, Order No. 841 directs RTOs and
ISOs to revise their tariffs to allow electric storage resources to de-rate their capacity to
meet output duration requirements.*® That is the approach (i.e., determining the output
that can be maintained over a continuous ten-hour period) PJM long has used to
determine the capacity value of pumped-storage hydroelectric resources installed in the
PJM Region. That also is the method (i.e., assuming ratable discharge of the entire
usable storage capacity over ten hours)>® PIJM uses to determine the maximum capacity
value of battery storage projects currently seeking interconnection, with Capacity

Interconnection Rights, under PJM’s interconnection rules. Setting such resource’s

48 Order No. 841 at P 1.

49 See Order No. 841 at PP 94-100 (requiring RTOs and ISOs to revise tariffs to
allow electric storage resources to de-rate their capacity to meet minimum run-
time requirements).

%0 As discussed below, this calculation governs unless there is some more limiting
factor on the resource’s discharge rate.
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capacity value at a level of continuous output that that can be sustained for ten hours
ensures that PJM dispatchers can call upon such resources to manage loads in a typical
summer peak day in a manner comparable to any other dispatchable resource. The ESR
Participation Model retains this standard.>!

The RAA, which “is intended to ensure that adequate Capacity Resources . . . will
be planned and made available to provide reliable service to loads within the PJM
Region” provides the framework for resource adequacy in PJIM. The RAA describes the
“nature” of Capacity Resources as “specific, firm Capacity Resources that are capable of
supplying the energy requirements of [Load-Serving Entities’] load[s] on a firm basis
without interruption for economic conditions and with such other characteristics that are
necessary to support the reliable operation of the PJIM Region.” RAA, Schedule 9 directs
PIM to “develop[] and maintain[] in the PJM manuals” the rules and procedures
“required to determine and demonstrate the capability of Generation Capacity Resources”
to meet these purposes. Schedule 9 adds that the rules and procedures “shall recognize
the difference in types of generating units and the relative ability of units to maintain
output at stated capability over a specified period of time;” and lists among the factors
affecting such ability “fuel availability, stream flow for hydro units, reservoir storage for

hydro and pumped storage units, [and] mechanical limitations.”

51 In addition to the analyses described below, PJM recently performed an analysis
of the current capacity value determination requirements and concluded that ten
hours of continuous output remains appropriate. The results of that analysis are
included in a forthcoming paper to be published in connection with the 2019
IEEE Power & Energy Society Innovative Smart Grid Technologies Conference
N.A., held in Washington, D.C. from February 17-20, 2019.
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As directed by the RAA, PIJM has developed, and maintains in PJM Manual 21,
the rules and procedures for determining the capability of Generation Capacity
Resources.®> Echoing RAA Schedule 9’s reference to the “ability of units to maintain
output at stated capability over a specified period of time[,]” Manual 21 has for many
years stated that the “number of hours of continuous operation [that is] commensurate
with PJM load requirements [is] specified as 10 hours.”

As explained in the accompanying affidavit of PJM’s Manager of Capacity
Market Operations, Mr. Jeffrey D. Bastian, the ten-hour period referenced in PJM
Manual 21 “is consistent with the period of elevated demand on a typical peak summer
weekday.”® As he shows, under a typical PJIM Region summer weekday load shape,
“PJM loads are at or above 90% of the daily peak for a period of approximately ten
hours, i.e., from the hour ending 12:00 to the hour ending 22:00.”°* Mr. Bastian explains
that PJM “relies on the ability of Capacity Resources to maintain output at their stated
capability levels during such periods to manage the system’s ability to meet those loads
throughout the afternoon and evening.”*®

Analyses PJM completed in 2010 underscored this point, as Mr. Bastian

explains.®® At the time, PJM allowed Demand Resources to commit as capacity even

52 See PJM Manual 21.
53 Bastian Aff. ] 8.

o4 Id.
% Id.
% Although the 2010 analyses concerned the now-expired Limited Demand

Resource product, the results reaffirmed the significance of a minimum ten-hour
period to effectively manage loads during peak conditions. See FPA Section 205
Tariff Change Filing of PJM Interconnection, L.L.C., Docket No. ER11-2288-
000, at Attachment A, Affidavit of Thomas A. Falin (Dec. 2, 2010), accepted in
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though they were required to be made available for interruption for only up to ten calls
per summer, and for only up to six consecutive hours per interruption. As Mr. Bastian
describes in his affidavit, PJM studied both of these availability restrictions to identify a
maximum commitment level for these Limited Demand Resources that would not raise
reliability concerns.®” PJM’s analyses found the six-hour interruption limit to be the most
restrictive, i.e., raising reliability concerns at a lower commitment level. Specifically, if
PJM committed as capacity too many MWs of a demand resource that was only required
to provide interruptions for six hours, the peak load for a given day was no longer
reduced but instead was merely shifted to a time outside the six-hour window.”® As Mr.
Bastian states, PJM’s analysis at the time showed that increasing the interruption window
from six hours to ten hours avoided the risk of shifting, rather than reducing, the peak
load.>® PJM used this result to set a ten-hour interruption duration requirement for an
intermediate type of demand product known as the Extended Summer Demand
Resource.’® While PJIM put a cap on commitment of Extended Summer Demand

Resources, that was only because the capacity only had to be provided from May through

October. The ten hour duration requirement sufficiently avoided adverse reliability

PJM Interconnection, L.L.C., 134 FERC { 61,066, at PP 69-76, order on
compliance filing and rehearing, 135 FERC 61,102 (2011).

57 See Bastian Aff. ] 9.

%8 See id.
59 See id. 1 10.
60 The Extended Summer Demand Resource product, along with the Limited

Demand Resource Product, was phased out in connection with PJM”’s adoption of
the Capacity Performance reforms. See PJM Interconnection, L.L.C., 151 FERC
1 61,208, at PP 253-261 (2015), order on reh’g, 155 FERC { 61,157, at PP 164-
173 (2016), aff’d, Advanced Energy Mgmt. All. v. FERC, 850 F.3d 656, 668-671
(D.C. Cir. 2017).
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requirements that no commitment cap was needed solely as a result of the ten-hour
duration.®!

Consistent with the need for sustained capability to support PJM’s flexibility to
manage loads on a peak day, Mr. Bastian notes that “PJM has long used the output level
that can be sustained for at least ten hours to determine the maximum capacity level
provided by pumped-storage hydro projects.”® As noted above, the RAA recognizes
“reservoir storage for hydro and pumped storage units” as a factor affecting “the relative
ability of units to maintain output at stated capability over a specified period of time.”
Mr. Bastian explains that “all pumped hydro storage projects that provide capacity in
PJM have supply reservoirs with adequate water storage to support generator output at
the committed capacity level for ten or more hours.”®

PJM has followed the same practice to determine maximum capacity levels for
battery storage resources in the PJM interconnection queue. As Mr. Bastian explains,
“the allowable Capacity Interconnection Rights . . . to be studied for the interconnection
request is limited by the MW output level that the resource can maintain over a
continuous ten-hour period.”® Mr. Bastian notes as an example that the executed

Wholesale Market Participation Agreement for the Village of Minster, Ohio battery

storage project “reflects [