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1 Executive Summary

London Economics | ntersnaengagedd LbbyC RJOM ElIndt)e rascao n h e ¢

in August 2020 to provide an independent assessment ofP J Mfinancial transmission rights
(0OFTRO) mar ket and auction revenue r iivg lofttlis
engagement is to determine if the current ARR/FTR processes employed by PJM, including the
ARR allocation and FTR auctions, constitute the appropriate mechanism by which to ensure that
load! is adequately compensated for the value of to the transmission system, which it is paying
through regulated transmission access charges.FTRs are financial contracts that market
participants acquire through FTR auctions to receive the congestion price of a specific path
defined by a source and sink node. The congestion price is hot known until after settlement of the
day-ahead energy( 0 D A Mrarket. ARRs, on the other hand, are enttlements that load receives
free of charge. ARRs entitle the holder to receive the FTR auction revenues associated with the
specific path. ARR holders can also convert their ARR into an FTR by self-scheduling in the
annual FTR auction.

Figure 1. Key questions to be addressed in this engagement

Scope of Analysis for ARRs and FTRs

@ For what purpose were they initially created? Was it to address a problem?

EZ Are they fulfilling, in the best way possible, their initial purpose and/or addressing the
identified problem?

= If not, why not? If so, how is this measured and verified?

4} Is this purpose still required and if it is addressing a problem, are there alternative

ways to eliminate the problem entirely?

@ @ Are there additional purposes and/or sources of value to the market that ARRs and
8 FTRs are, or should be, fulfilling or delivering? If so, what are these purposes, how do
they optimize value to load and other market participants; and how is this value
optimization measured and verified?

@@ What other mechanisms, either inside or outside the RTO, can provide alternative ways
to achieve some of these purposes? If such mechanisms exist, can they work alongside
each other or as variations to current mechanisms to optimize value to load and other
market participants?

EI.I:IJ] Are there changes in market design, execution or product tenor that would improve
delivery of these instrumentsd® purposes, ¢
equity, a better optimized delivery of value or lower risk to load, or in some other way?

11n this report, load is used to mean end-use customers and other firm transmission customers.
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PJM asked that LEI address seven key questions, which are listed inFigure 1. The answers to
these questions are provided at theend of this Executive Summary.

LEl employed a researchbased approach to address these fundamental question s, leveraging
guantitative and qualitative methods of analysis. The work plan was divided into five tasks
which are depicted in Figure 2. Task 1starts with the identif ication of the original rationale or

purpose of the ARR and FTR mechanisms. Task 2 presents thevaluation criteria LEI selectedto
assessthe ARR/FTR construct. As mandated by the terms of reference,LEI focuses its analysis
on the existing ARR/FTR design in Task 3, using the selected criteria from Task 2 and given the
purpose(s) identified in Task 1. In addition to gathering feedback from PJM stakeholders, the

Independent Mar ket Moni t orasparbof MdkS,)LEIl also codnpakel]l MP JsM Gasf f

ARR/FTR design with the mechanisms used in three other US power market (Task 4). Lessons

l earned from other jurisdictions, ieperment findingsom PJ M
in Task 3 provide the basisfor LEI 6s r ec o mme n c¢denhamcenentsaqTask5)s ugge st

Figure 2. LEI 6s approach to this engagement

Approach

Research and data collection

AFERC Orders, PJM filings to FERC

APJIM Manual, and other training materials

AEconomic theory and academic research papers related to FTRs, property
rights, auction design

Astate of the Marketreports, published metrics (PJM and other select US

1 ) Identify the purposes of
the ARR/FTR

=3 RTOs/ISOs)
= j APresentations from stakeholders made in prior Task Force meetings
Defi bl Vet AStakeholder input (interviews, survey questionnaire responses)
Al MISE] e GiEED AARR and FTR market data related to ARRs /FTRs (PJM and other select US
for the evaluation of markets)
ARR/FTR mechanisms AData from IMM (on past auction outcomes and description of their
proposal)
AData from outside PJM markets (bilateral trading data (EQRS), futures
traded on exchanges)
Evaluate existing
3 ) ARR/FTR construct and o o )
identify issues Qualitative and quantitative analysis
AConsideration of purpose (Task 1)
Assess ARR/FTR ASeIe(.:tio.n of criteria (T_asl_( 2) . .
4 construct in other US I I. AQualitative and quantitative evaluation of actual outcomes in PJM (Task 3)
markets Aldentification of how rules changes over time impacted outcomes (Task 3)

AComparative analysis of PIM and other markets (Task 4)

5 PI’OpOSG enhancements to

the current ARR/FTR Y Formulation of findings and recommendations
-O- AShould the current construct be retained (Task 3)
— ALessons learned from of other US RTOs/ISOs(Task 4)

ARecommendations around potential enhancements (Task 5)
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1.1 Identifying the purpose of the ARR/FTR mechanisms (Task 1)
Bas ed oindedereiénbrasearch, there are two purposesto the ARR/FTR mechanisms:

1 Purpose #1: Facilitate the return of overpayment i n | ocati onal mar gi nal
(known as congestion charges) back to load; and

1 Purpose #2: Enablehedging of the marginal cost of congestion in LMPs between different
nodes and support forward market activity through the offering of FTRs.

FTRswere created as a consequence of the decision to implement LMPAn energy spot markets.
The use of an LMP design with open access ensureghe efficient allocation of transmission
network capacity and, as a result, efficient production and consumption decisions in the short
term. LMP outcomes can also provide a location-specific market signal to investors to encourage
new generation investment and indicate opportunities for transmission investment to ease grid
congestion.

However, the LMP system also has a drawback d it results in a situation of overpayment by load
when the transmission system is congested.When a transmission interface is binding, and the
last increment of demand in imp ort constrained areas must be met with local (higher priced)
generation resources. All load in the import constrained area pays the higher LMP, even though
some of the energy being consumed comes from lowerpriced resources outside the local area.
The loca generator gets paid the higher LMP, but the external resources get a lower LMP,
commensurate with their marginal costs of production. Due to transmission congestion and the
uniform pricing principles, the sys tem operator will collect more dollars from lo ad than it pays
outtogenerators,resul ting in what is known as oO0congestion
are surpluses, as they are not needed to compensate generators for their energy or remunerate
transmission owners. Load should be paid these corgestion charges because they have akady
paid for the transmission system (via regulated tariffs). Therefore, the first purpose of FTRs is to
facilitate the return of congestion charges back to load, as suggeted in the figure below.

Based on Lekdendanalysis) ahd gonsistent with the positions taken by market rules at
otherl ndependent Sy s 1SO )t pgeturnaft congestion charges isnot the only
purpose of FTRs. Although FTRs are settkd vis-a-vis the day-ahead energy market, it is important
to recognize that the spot market for energy is not the only platform for buyers and sellers to
transact energy. Indeed, the path-based construct for the FTR auction was selected originally by
the PJM Companies and approved by the Federal Energy Regul at ory Commi ssi on
accommodate other commercial arrangements (such as bilateral contracts and seklsupply
arrangements) that market participants enter into in the forward market (or as a conseq uence of
the regulatory construct). The forwar d market continues to be a critical element of the overall
wholesale energy market design to support the investment signal and re-allocate (hedge) the
market price risks associated with a volatile spot market p rice. FERC recognized that bilateral
transactions would continue to exist, even after LMP systems were implemented. FERC also
understood that the marginal cost of congestion in LMPs would be very volatile and difficult for
market participants to hedge usin g bilateral contracts. Therefore, the FTR instument was created
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as a way for buyers (on behalf of load) and other market participants to hedge that volatile
congestion cost component of LMPs.

Figure 3. Why do we need FTRs?

Impacts Consequence Benefits to Load
LMPs reflect the marginal cost
of congestion LMP system Efficient use of
DA and RT RS the
Energy Markets e [~ transmission
Uniform clearing price concept ™ consumption system in real
in LMPs & all volumes at the and production time
same node clear at same price ( ) in real time
Forward Return of
congestion
Congestion payments collected Markets - over;?ayment
from load in LMPs exceed Forwards signal
congestion payments paid out and support \__Purpose #1__J
to generation in LMPs — efficient —_——
Investment in Efficient use of
long term . the
Load also pays for transmission ~— — (transmission
service through regulated tariffs system in long
(zonal construct in PIM) run
Lowest possible
cost of energy in
Wholesale market encompasses — long run
LMP-based spot market and
forward markgt Purposes of FTRs \__Purpose #2__
How does the hedging work? A load servingentity ( OLSE6) t hat hastwihabi | at e

generator can use an FTR that is based on a path that is defined by the source node of the
generator and the sink node(s) assbchetdgedwhpghi nt
congestion cost associ#ed with that bilateral contract. Hedging can also be accomplished using
financial instruments that are constructed based on the information released by the FTR markets.
More generally, when FTRs are auctioned, market participants get a very granular per spective
on expected congestion onthe system. This information influences a variety of hedging strategies
and bilateral purchases and sales. In this way, FTRs can provide an important link between LMP -
based spot markets and forward markets, and therefore contribute to sustainable, competitive
wholesale electricity markets in the long run. Figure 3 above contains a diagram illustrating the
various basic facts that drive the need for FTRs The diagram also maps out which segments of
the wholesale electricity market are impacted, the consequences, and the resulting benefits to
load. As indicated by arrows in the diagram, the ARR/FTR mechanisms create benefits for load
over both the short-term (Purpose #1) and long term (Purpose #2).
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Although the FTR/ARR rules have evolved sincetheir inception in PJM, the initial purposes for
having FTRs remain valid today, as load continues to pay for transmission service separately
from the spot market for energy, and the importance of bilateral contracting has not diminished.
In other words, the overall market design continues to depend on an efficient spot market and a
liquid and well -functioning forward market , which ensures that the load gets the lowvest possible
cost of energy.

Task :Based on LEI &ds cetevantiPéVafilingsrandvFERCANOrders from 1996
through the present day, FTRs (and ARRS) serve two purposes:

#1: LMP payments made by load exceed the spot market payments to all gen erators in an
LMP system when there is congestion. ARRs/FTRs facilitate the return of this
overpayment. LMPs must include the marginal cost of congestion to ensure efficient use
of the transmission network in the shortterm,butth e 0 ov er p ay me sutpls,
that is not needed for compensating transmission owners or generators. Load has already
paid for tran smission service through regulated rates. Load should therefore receive this
surplus. Return of the congestion chargesbenefits load as it reduces the overall cost of
delivered power in the short term.

#2: FTRs allow for hedging of the marginal cost of co ngestion in LMPs between different
nodes and support forward market activity. FTRauction results also provide a granular
understanding of expected network congestion. With this information, market
participants can more effectively contract and hedge market price risk, which supports
generation investment. Price discovery also encourages more activity in the forward
market, which in turn reduces the transaction costs of hedging and bilateral contracting.
In the long run, load benefits from liquid and effici ent forward market through lower
cost of supply.

1.2 Selecting th e appropriate evaluation criteria (Task 2)

Any rigorous analysis should begin with a set of objective criteria. These criteria need to be
relevant to the problem being analyzed and should be unbiased and measurable. To analyze
PJM6s ARR/ FTR meseldctachfous aniferia L--Eeguity, efficiency, simplicity, and

transparency. These are commonly used criteria in regulatory economics and policy design.
Furthermore, equity and efficiency criteria relate directly t o the identified purposes of FTRs (and
ARRS):

1 equity considerations are the fundamental rationale for seeking to return congestion

chargesto load, givent he congestion charges r e poackhase nt

already paid for the transmission system through a separate regulated tariff; and
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9 efficiency considerations are key factors behind realizing both the short-term and long-
term benefits of the transmission system. In the short-term, efficient FTR auctions ensure
that the ARR construct is a rea®nable mechanism for the return of congestion charges
back to load. And w hile the LMP systems ensure shortterm operational efficiencies are
achieved, the long-term efficiency of the wholesale market o charaderized by appropriate
levels of investment and convergence to long-run marginal costs 8 can be achieved only
if the LMP -based spot market and forward market are aligned.

Transparency and simplicity criteria play a supporting but vital role, as recognize d by many

market designers, policymakers, and regulators. Transparency supports accountability and

efficient outcomes, but also emphasizes the acceptability of these outcomes, a key condition for
achieving an equitable effect. Simplicity ensures that administrative burdens are reduced, and

transaction costs are minimized.

There is some level d interplay between the equity and efficiency criteria and between Purpose

#1 and Purpose #2. Some critics of the current design point out that the current FTR auction
design involves 01l eak ahgrged(inothé formm mfmmet profits ognens-tbdd o n
entities participating in the FTR auctions). Th
congestion charges go to remunerate norload entities, and therefore load gets a reduced amount
returned (Purpose #1). If we focus on just equity considerations and Purpose #1, this leakage
could be a major concern and we would likely conclude that there are major shortcomings in the
current design. But as we discuss further in Section 6, this leakage needs to be considered in light

of the benefits associated with Purpose #2. In a holistic framework, the net congestion charges
paid out to non -load participants should be viewed as a cost offset to the long-run benefits that

are motivated by efficient FTR auctions. Non-load participan ts support forward market activities

that benefit load. Another way to view this leakage i s to consider it as a form of an insurance
premium for hedging and a catalyst for a liquid and efficient forward market. T herefore, it is
important to ensure that any proposed enhancements to increase the shortterm benefits under
Purpose #1 do not suppress the long-run benefits associated with Purpose #2.

Task 2: LEI selected four criteria for evaluating P J MABRR/FTR mechanism :

1 Equity dreflects the fair treatment of affected parties (for example, equitable distribution of
benefits or profits from the purc hase/sale of a good or service);

i Efficiency - involves the optimal allocation of resources to those that value them the most;

i Transparency -indi catesa condition whereby every market participant has timely access to
relevant information for purposes of dec ision-making in an auction or regulatory context ;
and

1 Simplicity o manifests in anotion that simpler theories should be preferred to more compl ex
ones,so long as the simplicity does not compromise the functionality of the mechanism.
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1.3 Evaluation of the current ARR/FTR design (Task 3)

For Task 3, LEI asessedthe functionality of the current ARR /FTR mechanism and studied how
each feature of the mechanism works within the ARR/FTR syste m and as part of the broader
wholesale electricity market design. LEI also canvassed PJM stakeholders about their views on
the existing ARR/FTR mechanism's advantage s and disadvantages. As part of the stakeholder
engagement, LEl received input on proposed modifications to address the perceived
shortcomings and enhance the identified strengths.2 LEI also interviewed the IMM an d PJM daff
and gathered data relating to the operations of the ARR process and FTR auctions, as well as ideas
for potential changes.?

1.3.1 ARR/FTR mechanism changes have improved the functionality of the mechanism in
respect of the intended purposes

From the point of inception, FTRs (and ARRs) were designed to be path-based (or point-to-point)
property rights (entittements). This design choice was made intentionally: to accommodate
bilateral contracts and align with how bilate ral or self-schedule trades are ®ttled in the LMP
market. The point-to-point definition of FTRs (and ARRSs) allows market participants to hedge
their exposure to LMP differences between the designated source and the location of the delivery
point/load. The use of path-based property right s has rot changed over the years.

In contrast, there have been multiple changes to other elements of the FTR (and ARR) mechanism.
Initially, PIM allocated FTRs directly to network and firm point -to-point transmission customers.
An FTR auction process was ntroduced in 1999 to allow PJM to sell unasigned FTRs and
facilitate the trading of FTRs among all market participants. This was an important change in that
it ensured the efficient allocation of FTRs to those that valued them the most and thereby
improvi ng the efficacy of both the allocation of the FTRs and the hedging processin 2003, PIM
created another property right 8 ARRs. ARRs were allocated to transmission customers (load)
and could be converted to FTRs or otherwise retained to collect FTR auctionrevenues. ARRs gave
load greater flexibili ty on how to hedge (and when to securitize) congestion charges in LMPs.
PJM also added an annual FTR auction in 2003 to support additional trading opportunities and
institutionalize the connection between the two property rights (LSEs could convert their A RRs
into FTRs in the annual FTR auction).

2 | El understands that PJM is separately pursuing changes to credit rules. Therefore, this area is not covered in he
present study although LEI recognizes this as an important issue in its own right .

31n addition to information on the operational dynamics of the ARR allocation process and results of past FTR auctions,
LEI also collected bilateral contract data from FERC®&s El ectronic Quarterly

Reports

data (from the Intercontine n't a | Exchange (0l CE6) and Nodal Exchange) .
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Once the dual system of property rights was implemented, additional modifications followed.
Figure 4 lists the major changes since 2003 and thempact they had on the intended purposes.
Each change reinforced either Purpose #1 or Purpose #2 (or both).

Figure 4. Major changes since 2003 and the impact they had on the intended purposes

Key Changes

1 - . .
Revision of the allocation process to include I:> Provides more certainty (priority) to load regarding

a Stage 1A and 1B their long -term rights in network (Purpose #1)

ARR allocation mechanism was adjusted to
reflect the changing generation fleet

Improves effectiveness of ARR allocation process
(Purpose #1)

ARR mechanism was expanded to address
transmission capability created through
merchant transmission investment

Refines the investment signal emanating from ARRs
(Purpose #2)

FTR auction design was modified (e.g.,
introducing monthly and long -term
auctions) and the universe of FTR products
was expanded

Provides additional opportunities to reconfigure FTR
portfolios and hedge (Purpose #1)

Improves price discovery (Purpose #2)

Improves payout to load (Purpose #1)
Allocation of balancing congestion costs was

changed to solve the overpayment issue to
FTR holders

Pricing in FTR auctions no longer reflects risks of
balancing congestion; more reflective of expected
congestion in the day-ahead energy market (Purpose
#2)

>
2
| o
£

6 Payment of surplus congestion was shifted I:>

from FTR holders to ARR holders Improves payout to load (Purpose #1)

1.3.2 Most stakeholders affirmed their gene ral satisfaction with the current ARR/FTR d esign

As part of the stakeholder initiative, LEI engaged with 37 entities involved 4 with P J MBRR
allocation processand FTR markets, including LSEs, generation owners and independent power
producer s ( aHePypeasdf)entitiea (trading organiza tions, energy service providers,
and customer advocacy groups). The stakeholder engagement processonsisted of: (i) four focus
group discussions (-upl@Risndare-based suryey; and {iiip dbnke-anvone
discussions.

Based on the feedba& and commentary elicited from the stakeholders, LEI observed that most
FTR auction participants were satisfied with the current FTR auction design and range of

4 Or representing entities who are involved with ARRs/FTRs.
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available FTR products. There was also a general ageement that the current ARR/FTR market
design provided adequate opportunities for hedging and managing the risk of congestion for

load and other market participants. Stakeholders that actively trade in the FTR auctions also
stressed that FTR auction outconmes provided valuable price discovery for va rious forward
market activities.

Nevertheless, some LSEs expressed concern that the existing ARRallocation process was
inadequate. In particular, these LSEs felt the quantity of allocated network capacity in the ARR
process and the range of ARR products (specifically, the ARR paths vis-a-vis the paths available
in the FTR auctions) was deficient. In addition, some expressed a belief that the current ARR
mechanism did not enable customers to access the resource gths needed to hedge the congestion
risk relative to their contracted resources (new generation in particular). Furthermore, there were

also concerns with the complexity and transparency of the network model that PIJM used to test

the simultaneous feasibility of A RR requests and bids/offers in the FTR auctions.

Overall, most stakeholders expressed a preference for incremental improvements and
enhancements rather than a complete overhaul of the ARR/FTR market design. The potential
points of enhancements and modifications suggested by stakeholders to farget shortcomings in
the ARR/FTR design include changes to the ARR allocation scheme and increasel FTR
granularity (especially if it could align with the operational profile of intermittent energy
sources). Somestakeholders also suggested reservation prices or other changes to ensure the
value of network capacity sold in the FTR auctions is maximized for the benefit of load holding
onto ARRs. These recommended enhancements focused primarily on Purpose #1. Several
stakeholders also noted that they have hadto restrict their activity (with respect to virtual bidding

or FTR auction participation) due to the current FTR forfeiture rule. 5 Changes to the forfeiture
rule may affect both Purpose #1 and Purpose #2 becauseit may motivate more FTR auction
activity (competition may assist in optimizing the value of ARRS), support hedging, and assist
with the convergence of the day-ahead and reattime markets (to the extent that the relaxation of
the forfeiture rule would incr ease vrtual trading activity).

1.3.2.1 IMMwould | ike to move away from the current ARR/FTR design

The IMM has advocated for a comprehensive redesign of the ARR and FTR construct. In simple

terms, the IMM would like to see the current dual property right system r eplaced with a new

property right, whichth ey ref er to as a onetwork congestion pr
proposal is a single property right system where only load would receive distribution of

congestion charges collected by PJM through the ogeration of the day-ahead and reaktime energy

mar ket . The | MM6s network congestion property ri
ARR/ FTR mechanism in the following ways (as listed in Figure 5):

5The FTR forfeiture rule is designed to prevent market participant s from using virtual transactions to create congestion
that benefits their related FTR positions. FERC Docket NO. EL1437-000.
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1 itis not modeled on a path-based or point -to-point construct: thereisno s peci fi ¢c 0sou
point, although the sink is always the bus or load zone relevant for each LSE;

1 there is no ARR allocation process, and therefore no need for network modeling - load
will simply hold arightto receivea set of payments based on total s@t market congestion
charges; those payments would be distributed to LSEs using thel MMG& s c o-basedr ai nt
congestion calculation methodology , which relies on assessing the pattern of energy flows
in the spot market;¢ and

1 there is no compulsory ex-ante auction 0 therefore, there is no simple way for load to
monetize? the value of thel MM®& s n aingle propkrty right system ahead of the spot
market.

In discussions with LEI, the IMM acknowledged the value of tra ding and noted that load would

be free to =l their network congestion property right ahead of spot market settlement. The IMM

believes a transactable platform can be developed, and it would not necessarily need to be
administered by PJM (e.g., trading could be supported by a third -party exchange). However, it is

unclear how liquid and efficient the sale of network congestion property right would be

(especially if only some_SEs sell their network congestion property right). Therefore, the inherent

design would create complications for establishing the market value andtradi ng of t he | MN
network single property right pr oduct . l ndeed, given the focus
exclusively on Purpose #1 (and specifically to design a mechanism that returns exatly 100% of
congestion charges back to loal), the lack of details on how a network congestion property right

could be sold and bought is not surprising. The IMM also realizes that its proposal would require

significant retooling of how the industry uses t he information from FTR auctions to support

forward markets and how market participants use the existing FTR product to hedge congestion

risk associated with bilateral contracts. Figure 5 provides a high -level comparison of the current

mec hani sms and the | MM6s proposal

LElhas concerns that the | MMOds proposal i s novel a
network congestion property right concept is designed specifically (and solely) for Purpose #1,
there will be disruption to commercial activity (at the very least) and possibly unintended longer -
term consequences that would undermine the attainment of Purpose #2. Further investigation
and prototyping of the network congestion property right construct is necessary. For these
reasons LEI does not support moving forward wi t h t he | MMds proposal at t

6PJM | MM. o0Constraint Based Congestion Calculations: Measurinr

7 When load monetizes the congestion charges under the existing design, they are esentially enterin g into a fixed for
variable swap (e.g., exchanging the variable congestion costs they would receive from the day-ahead energy
market for a fixed payment based on the FTR auction results).
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Figure 5. Key di fferences bet ween the current
Property Dual property system Single property system (No
transmission ARR)
system
Construct Path-based withasourceand No speci fic 0so

Allocation of the

a sink

ARRs are allocated through

Sink is either bus or load zone

Load receives the network

ARRS/FTRs ARR allocation process congestion property right
FTRs can be bought through based on | MM&s
the FTRauctions of examining network

constraints in the spot market

Value of Based on the ARR/FTR target  Value of the network

ARRS/FTRs allocation or the difference congestion property right

between the LMP of the
source and the sink in the
auction (for the ARR) and the
day-ahead market (for FTR)

known only after settlement of
spot markets; LSEs can sell their
network congestion property
right in advance if they desire

mechani

1.3.3 Assessment of the existing mechanisms with respect to Purpose #1

Using actual ARR and FTR settlements as well as ongestion charges, LEI analyzed whether the
current ARR/FTR mechanisms provided a return of congestion charges back to load. A detailed
examination of actual outcomes from the 2011/12 planning year through the 20 19/2020 planning
year confirms that, on average, 83% of congestion charges collected in the PJM spot market were
returned to load, as illustrated in Figure 6. Notably, FERC never specified in its original decisions
that it expected the FTR construct (and ARR mechanism, once that was approved) to return
exactlyl00% of congestion charges back to load egh year?8 A large portion of the variability year -
over-year in the percent of congestion charges returned to load is contingent on weather. The
average ratio is much higher (over 90%) if we exclude the years with unusual weather events.
Furthermore, it is important to note that since the rule change around surplus congestion,
effective in the planning period 2018/19, the ratio of congestion charges returned to load has
increased.

The dual system of path-based property rights, where ARRs are allocated in advance, and FTRs
are auctioned off on an ex-ante basis to dayahead energy markets, could create overor under-
payment of congestion charges toload. Since transmission network capacity is finite, PJM has to
estimate the amount of network capacity to allocate (in the ARR process) and sell (in the FTR

8|ndeed, in the 2016 Order, FERC clarified that return of congestion charges was not the only objective for FTRs, which
would necessitate accepting that some leakage from congestion charges is reasonable. FERC, FERC 61,093
(2016).
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auctions). In assessg the network capacity, PJM has to consider how to prevent ARR/FTR

underfun ding.® More specifically, in order t o avoid underfunding issues, PJM has been naturally
incentivized to under -allocate network capacity to load during the ARR process. Such under-
allocation results in lower congestion charges returned to load relative to those that PIM collected.
However, as noted above, recent rule changes have improved the efficacy of the ARR/FTR

construct in this regard.

Planning years with significant underpayment (as illustrated by a blue bar much higher than the
yellow bar in Figure 6) were assciated with extreme weather conditions. Extreme weather is
difficult to predict, but when it arises, actual congestion charges are very large. Becausesevere
weather is difficult to predict one year in advance, the aggregate FTR auction revenues are lower
than total day-ahead congestion charges and, therefore, the ARR offsets received by load are
relatively low. This observed dynamic is not an inherent flaw in the ARR/FTR mechanism, but it
is a consequence of tle dual system of property rights (and the de cision of load to hold onto
allocated ARRS).

Figure 6. Total congestion charges collected by PIM vs. total congestion charges returned to load
$2.000 20112020
' average:83% m Total congestion charges collected by PIM
Total congestion charges returned to load
w  $1,600
&
= Record winter
S peak Bomb cyclone
»  $1,200
= Polar vortex / /
c
S $800
- | I | | I
$0
11/12 12/13 13/14 14/15 15/16 16/17 17/18 18/19 19/20
f ayout to 99% 92% 45% 64% 86% 98% 46% 88% 125%
SEs ratio
Note: It is possible that more than 100%of congestion costs are returned to load in a given year because some of the
payout to load is based on the FTR auction revenues, which are driven by market expectation of congestion, and those|
payments could be higher than the actual congestion charges ctlected by P J M. oOPayout t sentdl
congestion charges returned to load as a percentage of total congestion charges collected by PIM.

In consideration of Purpose #1, LEI also examined the reasonableness of the ARRs, which depend
on the outcomes of the FTR auctions. Specifically, LEI hvestigated the efficiency of historical

9 OA Schedule 1 Section 7.5a. The Office of the Interconnection shall makeéhe simultaneous feasibility determinations
specified herein using appropriate power flow models of contingency -constrained dispatch.
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FTR auctions vis-a-vis realized congestion in the day-ahead enegy market (as represented by the
congestion component (Al the HTRI&ctionsd ahninat, lorg@eLr M 6()0.L T 6 )
and monthly & possessed statistically significant predictive power for actual CLMPs. This

indicates that the FTR auctions are efective for valuing the ARRs that are held by load. In

addition, this finding also means that FTR auctions can genaate reasonable information for pric e

discovery (Purpose #2). LEI also analyzed the change in the predictive power of (hypothetical)

FTR aud i ons i f financi al participants were ®xclude
Statistical analysis shows that financial participation improves the predictive power of FTR

auctions 0 this should not be surprising, given the basic tenets of finance theory and the
importance of speculative trading. 11 Given that a large share of the congestion charges returned

to load flow through ARRSs, the efficiency of the FTR auctions (and involvement of financial
participants) also supports Purpose #1.

Figure 7. Payouts from holding ARRs or self -scheduling (hypothetical example)

400
300
200

100

(100)

Nominal $ million

(200)

schedule

(300)

More profitable to self -

(400)
2014/15 2015/16 2016/17 2017/18 2018/19 2019/20

Note: This analysis intenti onally does not include surplus allo cation and balancing congestion charges.For a more
detailed discussion of this analysis, please refer to Section6.7.

Figure 7 offers a comparison on whether load wou ld have earned greater profits if it held on to
all awarded ARRs or if it self-scheduled all awarded ARRs in the annual FTR auction. SinceARR
target allocation is based on annual FTR auction prices, if the auction prices had been
unreasonably low, then holding ARRs would have resulted in lower payouts than self-
scheduling. The analysis shows that in four out of the six most recent planning periods, load

OPJM simulated a 0 wlfartplannihgoperiadu2018/19% assumimrgsfinancial participants do not
participat e in the annual FTR auction. The result is lower FTR auction revenues as well as lower predictive
power of actual congestion charges as compared to the auction with financial participants.

11 Further discussed in Section6.13.2
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would have received more congestion offsets if they held on to their ARRs compared to self
scheauling, and for the years where self-scheduling would result in a higher payout, th ose years
involved extreme (and generally difficult to predict) weather events (and cansequently very high
congestion costs in the dayahead energy market that would have been diffic ult to anticipate in
the FTR auctions). This analysis shows that the ARR construct, whose value is based onFTR
auction results, has reasonably remunerated load under typical conditions. Moreover, the
majority of load has shown a preference for holding ARRs. This observation supports the finding
that load values the ARR property right. Therefore, on an aggregate basis, we conclude that the
current ARR/FTR constru ct is achieving Purpose #1 and that the dual system of property rights
should be retained.

1.3.4 Assessment of the existing mechanisms wit h respect to Purpose #2

The second purpose of PIJM6s ARR/FTR mechanism is
needed to understand whether there is support for price discovery, and that required us to look

at the efficiency of the FTR auctions. We also neded to understand how market participants used

FTR auction outcomes to hedge and support price discovery. This led us to examine the

usefulness of the path-based construct for physical transactions and gather information on

futures trading as well as overall forward market activity. Finally, LEI considered the potential

magnitude of long -term benefits arising as a result of liquid and efficient forward markets.

1.3.4.1 Efficiency of FTR auctions

Although many traders in the FGDs talked about the connection between FTR auctions and
forward markets, some stakeholders remained skeptical about the relationship and challenged
us to examine evidence of the FTR connection to forward markets. Analysis of the efficiency of
the FTR auctions provided the foundation for this evaluation. As described in Section1.3.3 based
on LEI 8s statistical analysis of historical FTR a
al | of PJM3s F TdRstatstically sigaificant peedidiivie power efor realized CLMPs.
This is an important finding in relation to Purpose #2, as it confirms the legitimacy of a price
discovery process emanating from the FTR auctions. Moreover, as noted earlier, the participation
of non-load (financial) entities in the F TR auctions also improved the predictive power of the FTR
auctions. LEI also discussed the business uses for each of the FTR auctions with stakeholders. The
information gathered from stakeholders indicated a vari ety of rational and legitimate hedging
and trading activities that are supported by the various FTR aucti ons.

To further understand the efficiency of FTR auctions, LEI also explored the profitability of FTR

paths that have not been allocated to ARR holderstodate ( suc h-toge ndg @mtaves t hat
a generator bus as both the source and sink point) as wel as FTR options. LEI identified the

realization of both large profits and large economic losses on these FTR paths. There was no

evidence of systematic excessprofits (on a risk -adjusted basis) for non-load entities engaging in

trading these paths. Moreover, LEI found that LSEs also purchased gento-gen paths in past FTR

auctions, suggesting that such paths are viewed as economically valuable by some Iad. Thus,

market participants should be allo wed to continue to trade these paths. Regarding FTR options,

LEI found that there have been options sold at no premium over the same FTR obligation paths,

indicating an illogical outcome since the option product should be more valuable given there is
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no downside risk. However, this issue could be fixed by adding opt ion pricing models to the
market-clearing engine.

1.3.4.2 Forward market activity

To better understand the relationship between the ARR/FTR mechanism and forw ard markets,
LEI collected data describing forward market activity and examined how market participants
engage in forward markets. First, LEI considered to what extent the path -based construct (of
FTRs and ARRs) is relevant to bilateral arrangements. Thepath-based construct of FTRs provides
an ability to perfectly hedge congestion risk at a nodal level, asFERC acknowledged when FTRs
were first created. A review of transactions associated with bilateral energy contractsreported to
FERGS Electric Quarterly Repor t €£QRO6 dlatabase shows that in the past five years (20152019),
over 35% of the value of physical contracts with delivery in PJM used a node (instead of a hub,
zone, or aggregate) as the delivery point Transactions with nodal-based delivery points were
reported to have a cumulative transaction value of over $75 billion over five years. Moreover, in
the past two years, the share of transactions using nodes as a delivery pointhas increased to over
50%(in value terms, or $26 billion on average per annum). Thisfacti ndi cat es over@dl mar ket
confidence in using nodes asa commercial pricing point .

LEI next examined futures markets. A review of transaction data in the last few years for PIM
basisrelated futures contracts on Nodal Exchange shows a strong increase in volumes after the
release of FTR auction results (and this applies to all types of FTR auctions). This is evidence of
the price discovery attributes that FTR auctions provide to support the functionality of the
forward market. LEI 8 s  dssiomsowith traders active in PJM and other US power markets noted
that the FTR auction design contributed to forward market liquidity. Indeed, based on total
futures transacted, PJM has by far the most liquid forward market of all US RTOs/ISOs. Forward
activity in PJM is also characterizel by a lower bid -ask spread than other power markets. These
are useful indicators of the superior liquidity of the PIJM forward markets.

The extensive use of financial hedges is another measurable reference poinfor th e importance of

forward market activ ity in creating long term benefits to load. LEI surveyed the financing

arrangements of new gasfired resources that entered commercial operation for the last three

years in PJM. LEI ds r elys%5aGWoohnew combinedreyeke das tutbinet near
(0CCGT6) capacity that started commercial operati
hedges as part of their financing arrangements. These financial hedges were realized thanks to

liquid forward market s. Furthermore d and importantly for the pur pose of estimating long term

benefits & market price risk associated with the financing of these investments was reduced as a

consequence of these financial hedges.

1.3.4.3 lllustrative analysis of long -term benefits as sociated with Purpos e #2

One dimension of the long-run benefits to load due to increased liquidity and better price
discovery in the forward markets can be quantified by reference to the cost of debt savings for
new generation resources. A lower cost of debt translates into a lower long-run marginal cost
(OLRMCO6) for supply. Based on the extensive use o0
information on debt financing costs from PJMds ap
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for this technology, LEI estimates long-run benefits to load across the PIM footprint of $99 million
to $318 million per year, depending on the frequency with which new CCGTs directly or
indirectly affect the overall cost of supply, as described further in Section 6.13

In its stakeholder engagements, LEI heard from various LSEs, including competitive retailers. It
is generally recognized that liquid forward markets provide electricity retailers the opportu nity
to utilize hedging strategies that can significantly reduce their wholesale price exposure. A lower
risk profile can reduce the cost of capital for competitive retailers over time and enhance the
competitive retail offerings that they can provide to r etail customers. This can benefit load inthe
long run, especially in a wholesale power market like PJM, where numerous areas have fully
deregulated and given their customers retail choice. If a liquid forward market that provides
optimal hedging opportuni ties for retail providers is responsible f or even a small fraction of the
benefits of retail competition, this is likely to be a significant benefit to electricity customers in
PJM, given that over 40% of load or315TWh, was served by competitive retailer s in 2019.

Finally, liquid forward marke ts also reduce the transaction costs for engging in hedging and

bil ater al cont#@aa&t isnpgr.e atliibe i biodhe common iindicat
transaction costs incurred in engaging in forward market acti vity. Given the overall level of

physical electricity consumed and financial forward a ctivity in PJM, even a modest increase in

bid -ask spreads would raise transaction costs for the forward market. LEI estimated a transaction

cost savings fvelolow bigt ;askGmeads elthe range of #24 mill ion and $889

million a year, as discussed further in Section 6.13 Price discovery and liquidity ach ieved through

the FTR auctions help the forward markets avoid such transaction cost increases, which

ultimately serve as another benefit to load inthe long run.

The potential benefit streams for load, in the long run, are likely to be in the hundreds of millions

of dollars per year. On an illustrative basis, if we add up just the hedging benefit that reduc es

LRMCs and transaction cost savings, we reach atotal of $522million to $ 1.2 billion a year for a

market like PIM (and these numbers do not include consideration of retail hedging benefits). As

noted in Section 1.2, the long-run benefits to load associated with liquid and efficient forward

mar kets need to be weighed against the costs (0l e
charges are retained by nonload entities in the form of net FTR profits. Figure 8 provides a

summary of the illu strative benefits versus costs for load.

Over time, PJM load benefits from the existence of the forward market that is supported by the

price discovery practices emanating from the FTR auctions. Therefore, although the FTR/ARR
design may proldaged sofmebénefaits pursuant to Purpo
provide value to load inthe longrun ,whi ch are substantially greater
Moreover, the size of the leakage can be further optimized with certain enhancements to the

current design. For example, if load is given a choice to nominate network capacity that is

currently only available to FTR buyers during the ARR allocation process and then self -schedules

that netw ork capacity int o the FTR auctions, this will allow load to recapture some of the leakage

amounts. In addition, changes to when and how ARR holders self-schedule their ARRs would

also allow load to more finely express its willingness to potentially take o n more risk and

recapture some of the FTR profits that currently go to non -load entities.
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Figure 8. lllustrative benefits versus costs

Costs

(oLeakaged)

A Profits of non-load participants =
annual average of $223 million
(2014/15 to 2019/20)

Total costs = $223 million

Benefits

o ReductiOn in cos

t .
retailers = 2799 of capital of
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g-run marginal
on to $318

}I;o(;/vgr transaction costs for
edging and Contractin
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=$4 err.
million ayy easj- 24 million to $8g9

Total benefits = $523 million
to $ 1,207 million

Note:Inthetwomo st recent planning periods ( 2 Oatedafged ®20anillidn, Bcadsd
(1) with the changes in the rules, PJM has been able to allocate network capacity to ARRs more aggressively and2)
due to the absence of abnormal weather (which typically causes a significant increase in congestion charges}?2

1.3.5 Shortcoming of the current ARR/FTR design

The major weakness inthe current design is associated with the division (or distribution ) of the
aggregate congestioncharges between LSEs The current system of distribution of congestion
payments is defined by the (i) initial allo cation of gen-to-load ARRs using historical constructs
t hat are outdated and (ii) distribution of
allocation of ARRs. This results in an allocation of congestion charges that may be inequitable in
the eyes of some LSEs.

According to economic theory, the initial allocation of entitlements or property rights should not
matter if the recipients of those rights can trade with minimal transaction costs. However, ARRs
are not tradable; they are convettible to FTRs, which are then tradable. Thatsaid, the ARRs that
are selfscheduled into the Annual FTR auction account for only 6% of the net FTR volumes sold
in that FTR auction and 30% of the ARRs allocated. Therefore, the majorityof load currently hol ds
onto their awarded ARRs. Moreover, the val ue of ARRs (e.g., t he

12 Electricity demand (and therefore network congestion) has also been lower than normal in early 2020 due to the
Covid -19 pandemic.
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impacts not just the division of FTR auction revenues but also the allocation of surplus congestion.
Therefore, the initial allocation of ARRs drives the relative p ayout of congestion costs to each LSE.

Basel on LEI 06s analysis of Z3dhe adrrentoARR allecatisn proeesse i v e d

creates a pattern of payments that is uncorrelated with either the size of load served, or the
amount of transmission rev enues cdlected from customers or the LMPs paid. As presented in
Figure 9 (further explained below), there is no direct relationship between the amount of
congestion charges returned to a transmission zone relative to the size ofthe load served, the
transmission revenue cadlected, or the LMP of the zone. This indicates that congestion charges
allocated to LSEs in varying zones are not correlatedwith any of these natural factors underlying
Purpose #1, which leads LEI to conclude that there may be further issues to explorein relation to
the distribution of congestion charges between LSEs.

Figure 9. Congestion charges returned to load in each zone relative to various factors (2018/19)
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Congestion charges returned to the transmission zone ($ million)

It would be reasonable for load to expect to receive a largercongestion offset if the LMP they face
is higher than other zones (i.e., located in a more congested area in the nevork), if the demand
in the zone is higher than the demand in other zones (which is more likely to contribute to
overpayment), or if load in the zones pays a larger share of the overall transmission revenue
requirement. In the figure above, each circle represents a specific transmission zone, with the size
of the circle proportional to the baseload demand in the zone, the x-axis representsthe congestion

13 Zonal offsets include the totality of payments, based on ARRs and self-scheduled FTRs, as well as the settlement of
balancing congestion and surplus congestion.
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charges returned to the zone (which could be negative), and the y-axis representsthe transmission
revenue requirement paid for that zone. The color of the circles reflects the day-ahead LMP in
2018/19 planning year. In search of proof of equity of the distribution of congestion charges
returned between LSEs, LEI evaluated the figure for patterns:

1 if the congestion charges returned were proportional to the transmission revenue requirement
paid in each zone, the circles should line up linearly & they do not;

1 if the congestion charges returned were related to the demand in the zone, then the circles
would be arranged in order from smallest to largest, but they do not follow this pattern; and

1 finally, t he redder the color of a circle, the higher the 2018 and 2019 annual average LMP
recorded for the zone. If the color pattern of the circles followed a green-yellow-r e d O he at
mapdé alignment, t hen etumedtod®Es goeldleire@ated taLMBst byte s r
we see this is not the case.

Task 3: Summary of k ey findings in the evaluation of the current ARR/FTR design

1 A path-based construct, established out of recognition of the importance of bilater al
and self-supply arrangements, continues to be relevant in the present day. The majority
of load continues to be served through bilaterals (and self-supply).

1 A dual system of property rights (ARR/FTR) creates value for load. The existing ARR
construct gives load a choice to hold onto an ARR (and securitize congestion charges
in advance of settlement) or to self-schedule an ARR (and getado per f ect i
congestion on a specific paththat the LSE has committed resources and load)

 FTR auctions are working properly and should be retained . They are effective in
achieving Purpose #1 (under normal weather condit ions) and supportive of Pur pose
#2. Although there hashi st ori cally been some 01l eakag
load entities, due to parti cipation of non-load entities in the FTR auction, these entities
have positively contributed to the efficiency o f the FTR auctions, and theefore
enhanced the efficacy of the ARR/F TR mechanism while also allowing for price
discovery in support of the forwa rd markets.

1 Liquid and efficient forward markets bring about a number of benefits for load.
lllustrative exampl es suggest that the long run benefits for load are higher than the cost
incurred by |l oad (e.g., the oOo-loadanittegterdughi
FTR net profits). The current ARR/FTR mechanism, when evaluated against both
Purpose #1 and Purpose #2, is creating overal positive value for load.

1.4 ARR/FTR mechanisms in other US power markets (Task 4)

LEI reviewed the FTR (and ARR) mechanisms in three other US RTOs/ISOs with the goal of
identifying similarities and difference s and drawing inferences about whether PIJM cauld benefit
from changes to ARR/FTR design. LEI assessed the FTR mechanisms of California 1SO
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(0CAI S0O06) , Electric Reliability Council of Texas
Mi dconti nent al Allth8se marketd) In & alluUS LM P-based markets, use a path

based constructfor FTRs. In addition, there are a number of other similarities between the three

case study markets and PJM related to the FTR mechanism. For example, all four markets setd

the FTR (or equivalent) against the day-ahead energy market, specifically employing CLMPs (or

equivalent). Also, all the RTOs/ISOs host auctions for the sale of FTRs (or equivalent product).

In addition, the auction proceeds are paid to load. The major differences between these case study

markets, and PJM relate to: (i) whether the dual (FTR plus ARR) or single (FTR-only) system of

rights is used; and (ii) how those rights are distributed or sold, as shown in Figure 10.

Figure 10. Comparison of key FTR features

_ CAISO ERCOT MISO PIM

Nomenclature Congestion CRRs ARR/FTR ARR/FTR

Revenue Rights

(0CRRs06)

Implemented 2006 2010 2005 1998
FTR
Transmission Single system Single system Dual system Dual system
rights system
Pathway to get A Direct allocation A Direct allocation A Direct allocation A Direct
transmission of CRRs to load of CRR auction of ARRs to load, allocation of
rights which assigns revenues to load which assigns ARRs to load,

FTR auctions

Annual FTR

products

rights to CRR
auction revenue
or convert and
sell in the CRR
auctions

A Any market
participant can
buy CRRs in the
auctions

A Annual
A Monthly

A Seasonal
A Peak/ Offpeak

A Some allocation
of pre-CRRs to
certain
grandfathered
entities

A Any market
participants can
buy CRRs in the
auctions

A Annual (or Long
Term)
A Monthly

A Peak weekday/
peak weekend

rights to FTR
auction revenue
or self-
scheduling in the
FTR auction

A Any market
participant can
buy FTRs in the
auctions

A Annual
A Monthly

A Seasonal
A Peak/ Offpeak

which assigns
rights to FTR
auction revenue
or self-
scheduling in
the FTR auction
A Any market
participant can
buy FTRs in the
auctions

A Annual
A Monthly
A Long Term

A 24-hours
A Peak/ Offpeak

Among the three RTOs/lI SOs reviewed, MISO is the only one that has adual property rights

system |Iike PJM. One of the biggest differences b
to the ARR classes. More specifically, MISO has miltiple A RR classes: ibffers peak and off-peak

ARRs, as well as seasonal ARRs. In contrast, PJM only offers 24r annual ARRs. A multi -class

ARR approach may allow for more network capacity to be awarded in the ARR process if

transmission outages are limited in their reduction of network capacity t o just specific seasons or

time periods.

CAISOand ERCOTdo not have an equi v a lusedifferent apprdachésdos ARRS ;
giving LSEs the right to get a return of the congestion charges collected through LMPs. CAISO
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allocates their versionofthe FTR product (which they call Congest.

directly to LSEs, and then it is up to LSEs to sell the assigned CRRs in the CRR auction or hold
onto the CRR and receive the associated congestin rents from the day-ahead energy market.
CAISO recently implemented a change to its CRR framework, effectively reducing the paths that
could be awarded or sold in the auction. Those changes resulted in a contraction of the CRR
auction: cleared CRR quantties fell by 57%, and the net CRR auction revenues declined to $63
million in 2019 compared to an average of $83 million in the two prior years 2017 and 2018. Such
an outcome would not be beneficial in the PIM context, as lower FTR auction revenues would
mean more of the congedion charges would be picked up in surplus congestion and allocated
using rules-based approaches, which may not be equitable. In addition, less auction participation
may reduce the efficiency of the FTR auctions and undermine the forward mark ets and long-term
benefits.

ERCOT does not assign CRRs to load4 Rather, ERCOT directly allocates the auction revenues
from the sale of it s CRRs -rfatashdreoohzbnal abdasysterd loadih
Notably, ERCOT has a single transmission tariff, wh ich all load contributes to on a pro-rata basis.
Therefore, the socialized transmission tariff design and the allocation of auction revenues based
on load shares is internally consistent, supporting arguments of equity. However, given t hat PIM
has zonal transmission tariffs, a pro-rata allocation approach of FTR auction revenues based
simply on load shares may not be viewed as equitable by some LSEs. Moreover, eliminating the
ARRs from PJMds design woul d hinprehrerreddonself-schedalel
ARRs in the FTR auctions.

Another notable distinction in the rules for FTR auctions is that none of these other markets had
an FTR forfeiture rule like that in PIM. CAISO has something similar, but in practice, it is far les s
constraining. MISO has had issues with market manipulation between the virtual and FTR
auctions but has preferred more active market monitoring instead of implementation of an
automated mitigation rule. This observation, coupled with stakeholder concerns raised during
the FGDs, suggests that the cirrent FTR forfeiture rule should be carefully re -evaluated.

14 There is an exception. Nonropt i n Ent it i e s-al¢catdd @dme €RRs ata discoumt.rN®IEsconsist of
municipally owned utilities , electric cooperatives , and River Authorities .

each

t hat

15LSEs in ERCOT can stillpurchase CRRs intheauc t i o n , but they are not provided (to

case with ARRs in PIJM.
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Task 4: Comparative analysis of FTR/ARR designs in other US markets uncovered several
dif ferences.

Based on LEI &6s understanding of the market
beneficial or relevant to PIM& construct:

9 use of simple allocation rules (like pro rata to load) in combination with a single right
system would reduce the flexibility and value that PJM load gets from ARRs, and
would conflict with the zonal transmission rate design; and

9 reduction of FTR paths may decrease the efficiency of the FTR auctions and undermine
the value of the ARR property right and longer -term benefits to load from liquid
forward markets.

Other differences could be enhancements for further consideration by PJM and its
stakeholders:

I PJM should investigate the feasibility of introducing more granular ARR products
(peak and off-peak and seasonal) and

1 PJM should also revisit the FTR forfeiture rule based on the experiences of other
ISOs/RTOs.

1.5 Recommendations for exploring changes to the current design (Task 5)

LEI recommends that PIJM and its stakeholders focus on enhancing equity-related aspect of the
current design of ARRs/FTRs while maintaining efficiency -related aspects of the existing
mechanism. In terms of equity -related enhancements, PJM should first work with stakeholders
to develop an objective definition of equity in relation t o the relative size of congestion charges
to be returned to each LSE. Although LEI recognizes that defining equity is a judgment -based
criterion, and changes to distribution/allocation are likely to create winners and losers, it is
possible to ground the investigation of equitable allocation schemesin first principles related to
the existence of congestion charges (pattern of LMPs and size of load) and acknowledgment of
the rationale for return of congestion charges (i.e., because load has already paid fortransmisson
service through a separate taiff).

PJM should also undertake an audit exercise to track down and categorize who paid congestion
charges that are not already easily associated with load (because of unknown location,
contracts/self -scheduling, etc.). This information would help stakeho Iders examine whether
alternative allocation schemes are aligned with the agreed-upon definition of equity.

Once the foundation tasks are complete, PJM should work with stakeholders to identify
alternative allocation schemes for ARRs. In this regard, LEI proposes that PJM and stakehdders
consider one of the following potential mechanisms for the initial designation of ARRs to LSEs:
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9 division of paths based on actual or expect network usage, which reflects recent energy
market activity or contractual portfo lios; or

9 division of paths based on expected LMPs or value of congestion rents.

In addition, PJM and stakeholders will need to explore how to evolve the surplus congestion
allocation rules. As a starting point, LEI proposes the following options be considered by PIM
and stakeholders:

1 the surplus remaining after ARRs and FTRs are fully funded could be allocated to load
based on pro-rata transmission revenue requirement paid;

1 if congestion charges should be returned to load becauseall congestion charges ae
overpayments byloadand t he purpose of FTR i s sttlen
PJM could develop a metric in measuring overpayment each LSE contributed; or,

1 a simple load share ratio can be considered if the surplu s congestion is determined to be
devoid of locational differences among LSEs.

LEI also identified three other potential enhancements that would support improving outcomes
relative to Purpose #1; these are listed in Figure 11. These enhancements would also work to
increase the efficacy of the ARRs awarded to load and reduce the surplus congestion that would
have to be allocated based on rules. In summary, the goal ofconsidering alternative allocation
methods and ARR enhancements should be threefold: (i) reduce the size of leftover network
capacity and thereby reduce surplus congestion; (ii) equitably assign aggregate congestion
payments collected by PJM to various LSEs; and (iii) better align ARR paths with actual needs
(contractually) and actual system usage.

Figure 11 Alternative allocation methods - goals and solutions

Potential solutions

1) Allow LSEs to nominate other biddable
points during the ARR allocation
process to minimize potential surplus
arising from under -allocation of
network capacity

Reduce the size of leftover B
network capacity to reduce
surplus congestion

Equitably assign the distribution 2) Seek ways to introduce more granular
collected by PIM to various LSEs that the network capacity can be more

efficiently allocated

3) Allow LSEs to self-schedule an ARR for
a sub-period of the year (in the long -

Better align actual generation 3
term auction)

to load paths against ARR —

paths assigned
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Figure 12pr ovi des a summary of LEI &8s pr ARRFRdesighnhancem

In terms of efficiency-related modifications, the current FTR auction design is reasonable and
generally supportive of both purposes. LEI suggests retaining the current set of auctions and
continuing to allow unrestricted market participation. Althoug h LEI did not find any systematic
evidence of excessive profiting by non-load (financial participants), PJM should continue to
monitor competition and profitability trends over time in the FTR auctions. LEI also recommends
that PIJM adjust the clearing rules for FTR options to ensure that FTR optionsare not sold without
a premium over the same FTR obligation path.

Finally, in terms of transparency and simplicity, several changes should be explored in order to
enhance stakeholder satisfaction with the ARR/FTR outcomes and expand stakeholder
understanding of the network model. Theserecommendations arise out of the concerns that LEI
heard from various stakeholders during the FGDs. LEI suggests that PJM seek ways to provide
more detailed documentation of chang es made between releases of the network modd. Based on
what is done in other markets, stakeholders may find value from a network model manual that
PJM would publish. Such a manual could contain descriptions of key procedures, definitions, and
address software (compatibility) questions. Finally, LElI suggests that PJM consider retaining a
transmission expert to independently review on a regular basis (e.g., every 3 or 5 years) the

net work model |, to instild]l conf i denc gactithe neBvorkMo s

capacity that is allocated in the ARR process and FTRauctions.

Figure 12 Proposed enhancements to the current design

Transparency and
simplicity

A Issue a network model

Equity Efficiency

AMai ntain PJM6s

A Develop an objective monthly and long ~tefm

definition of equity;

establish a more detailed FTR auctions manual
understanding of zonal A Continue to allow non -load A Provide detailed
patterns of congestion participation and current documentation of changes

A Expand biddable points
and time of use periods for
ARRs

A Add flexibility to self -
scheduling rules

A Explore alternatives to
historical path assignment
of ARRs

A Explore alternative
allocation approaches for
distributing surplus
congestion

set of biddable points over time
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A Determine a minimum
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1.6

Responses to the key question s

1)

2)

3)

4)

5)

What is the original intent of ARR and FTR? Was it to address a problem? Yes. Originally,

PJM Companies and FERC identified the need for FTRs to (1) return cagestion payments in
LMPs back to load and to (2) support hedging and integration of bilateral contracts with LM P
spot markets and complement forward market activity. (Section3)

Are they fulfilling, in the best way possible, their initial purpose and/or addressing the
identified problem? The existing design is fulfilling Purpose #1 on an aggregate basis. But
there may be equity issues between different LSEs. The pathbased FTR product and the
extensive trading opportunities presented by the various FTR au ctions are providing price
discovery for the forward market; bilateral transactions are frequently delivering to nodes, and
new generation resources are taking advantage of financial hedges. Taken together, these
observations suggest that the FTR auctionsare also supporting longer term electricity market
dynamics and fulfilling Purpose #2. (Section 6)

If not, why not? If so, how is this measured and verified ? To confirm attainment of Purpose
#1, L EI analyzed aggregate payRIM telatiyedto the tathl
congestion payments collected in LMPs. As part of the exercise, LEI also consideredthe initial
allocation of ARRs and outcomes in the FTR auctions, and the decision of LSEs to hold onto
ARRs versus seltschedule. LEI also analyzed the distribution of the payouts among load zones.
For Purpose #2, LEI analyzed the predictive power of vario us FTR auctions. LEI also collected
data on physical transactions, financing practices for new generation, and examined futures
trading and hedg ing activities . (Sections 5 and 6)

Is this purpose still required, and if it is addressing a problem, are there  alternative ways to
eliminate the problem ent irely? The original purposes for having FTRs are still relevant today.
LEI reviewed the ARR/FTR (o r equivalent construct) in other US markets. LEI determined that
the alternative approaches (such as direct allaccation of FTR revenues or limitations on bidda ble
points in FTRs) would not be preferable in the context of the PIJM wholesale market. Therefore,
a comprehensive alternative does not currently exist; however, the case study analysis
suggested some areas forfurther consideration . For example, LEl obseved MISO had more
granular ARRs classes, which could improve the amount of feasible ARRs that could be
allocated. LEI also observed that PJM was unique in application of its current FTR forfeiture
rule. In combination with the concerns raised by stakeholders, this rule may need to be
reviewed. (Section 6 and 7)

Are there additional purposes and/or sou rces of value to the market that ARRs and FTRs are,
or should be, fulfilling or delivering? If so, what are thes e purposes, how do they optimize
value to load and other market participants; and how is this value optimization measured
and verified? Both purposes identified by LEI are important but not always complementary.
Purpose #1 yields short term benefits to load while Purpose #2 provides longer -term benefits.
Some portion of the value to load in the short term may need to be sacrificed to support the
realization of the benefits in the longer term. The best way to examine whether this is yielding
a net positive outcome is to consider the amount of short-term benefit that is foregone (e.g., FTR
profits going to financial parties) versus the amount of lon g run benefits (e.g., liquid forward
markets which help drive down the long run marginal costs of energy and tra nsactions costs
for hedging). (Sectim 6)
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6) What other mechanisms, either inside or outside the RTO, can provide alternative ways to
achieve some of these purposes? If such mechanisms exist, can they work alongside each
other or as variations to curren t mechanisms to optimize value to load and other market
participants? An alternative way to achieve Purpose #1 has been proposed by the IMM. It
would be a complete overhaul of the current system and therefore could cause some
disruption with current bilate ral trading and hedging activities. In general, t he |
proposal is novel and untested. LEI has concerns that it may have shortcomings related to
Purpose #2, given that the IMM designed it exclusively for Purpose #1. A more detailed
specification of the| MMd s pr oposal i s r e g ulbemeadd onkhe bveralle
merits of propbsal. (Setlidhds

7) Are there changes in the mark et design, execution, etc. that would improve delivery of
these i nstr umaasedsod thepfindingsacampifed in this report, LEI concludes
that the dual system of property rights remains valid and valuable to load, and that a path -
based construct for ARRs and FTRs is consistent with bilateral arrangements and hedging.
LEI has recommended several enhancementso the ARR mechanism (and allocation process)
to improve the equity considerations under Purpose #1. LEI does not believe major changes
are neessary to the FTR mechanism because the auctions appear to be functioning efficiently
and supporting both Purpos e #1 and #2. LEI has proposed several modest changes to the
FTR construct which include changing the auction clearing rules to avoid selling und erpriced
FTR options, monitoring competition and profitability trends over time, and r evisiting the
FTR forfeiture rule. (Section 8)
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2 Overview of the engagement

LEl was engagal by the PIMInt er ¢ 0 n n e c timnAugust 20@Rd pkddide an independent,

holistic assessment ofP J MBTR market and ARR mechanism. As discussed below,L E | holistic

approach includes both quantitative and qualitative approaches, which inclu de reviewing the
evolution of Pmhiddd thoroAgRR AdfninB measurable criteria to evaluate the

different aspect of the ARR/FTR markets, performing anal yse s, l ooking at oth
ARR/FTR construct, and engaging with the stakeholders, in cluding the independent market
monitoro) o0& MdtaffPJ M

The overarching question to be answered in this engagement is whether the existing ARR/FTR
market design is set up to ensure that load receives the optimum value of the transmission system.
PIM also provided a list of questions that needed to be addressed by this study, which is listed in
Figure 1 on pagel. To address these questions|El utilized a methodological approach consisting
of fiv e tasks,as shown in Figure 13

Figure 13 Key questions to be addressed, L EI 6s f iappmoachasks and

Task 2: Task 4:
i : ’ Task 5:
Task 1: Define Task 3: Assess ask®

Identify the measurable Evaluate existing ARR/ETR Propose

criteria for the ARR/FTR . enhancements
evaluation of construct and conrs]truct in to the current
ARR/FTR identify issues other US ARR/FTR
mechanisms markets

purposes of the
ARR/FTR

As part of Task 1, LEI undertook a det auingad r evi e
analysis of the original proposal filed by the PIJM Companies in 1996 with FERC and the initial

FERC decision(s) approving the LMP design and FTR construd. Task 1, therefore, addressed

guestions #1 and #2in the Key Questions.As par t oiéw, LEEdIS6 analyzes materials

submitted and discussed at the PJIM ARR/FTR Task Force meetings, including the Whitepaper

published by P in April 2020 entitled oFinancial Transmission Rights Market Review. 616 LEI

LElI will refer to this report as the O0PJM ARR/FTR White Pap
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alsoreviewed detailed sections related to congesion and FTRs in the State ofthe Mak et ( 0 SOMOG)

reports prepared by the IMM. Finally, LEI looked at various supporting documents, including
PJM Manual 6: Financial Transmission Rights, prior PIM filings and FERC Orders related to ARR
and FTR constucts, academic journals and publications, and published materials by PIM, IMM,
and stakeholders. Appendix G (Section15) of this report provides a list of the documents that LEI
reviewed and relied on. The findin gs of Task 1 are summarized in Section3 of this report.

Under Task 2, LEI selected criteria to assess whether the current FTR market design's
fundamental objectives are being met. The selected criteria are descibed in Section 5. Task 2
helps addressquestion #3 in the Key Questions.

As part of the framework, LEI also identified data gathering op portunities and then pursued
those as part of Task 3. One opportunity included a quantitative review of the historic al ARR
allocation and FTR auction-related data vis-a-vis day-ahead energy market outcomes. Another
venue for getting inputs about the ARR/FT R market design involved interviewing stakeholders,
including LSEs parti cipating in the ARR allocation process and FTR markets, traders active in
FTR auctions, enduse customer representatives, state regulatory agengs, and PJM staff and the
IMM. The third source of information to support the assessment came through case study
analysis of other US power markets with no dal (LMP) energy spot market design (this was Task
4, essentially). Task 3 findings are summarized in Section 6 of this report, while key observations
from Task 4 are found in Section7. Tasks 3 and 4, in combination, address questions#2 to #6 in
the Key Questions.

Based on (1) LEI 8ds qualitative and quantitative
comparative analysis of PMd s mar ket desi gn ,BRCOThand MI&Q, and €8) CAI SO

feedback received from stakehol der s, LEI
ARRSs/FTRs in Task 5 (Section8). In so doing, LEI addressesquestion #7 of the Key Questions.
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3 Identifying the purpose of the ARR/FTR mechanisms (Task 1)

Key takeaways

T Based on LEI 6s independent anal ysi s, ()BT
return congestion charge s collected in LMPs to load and (ii) to support bilateral
contracting/forward markets and improve the long run s ignal for investment.

Although LMPs ensure efficient use of the transmission system, and as a result, efficient
production, and consumption in real-time, the LMP design also causes overpayment by
load when the transmission system is congested. As a result PJM collects more furds
from load than it pays out to generators, resulting in congestion charges. FTRs were
introduced as a mechanism to give load the right to these congestion charges, which is
the first purpose. The creation of ARRs in 2003 also refleted the same purpose,as it gave

load priority in the transmission system and greater flexibility around how and when
load seeks to recapture the overpayment in LMPs.

In implementing LMP -based spot markets, PJM Companies and FERC acknowledged
that bilateral contracting would c ontinue. Indeed, bilateral contracting and forward
markets are an instrumental component of the overall wholesale market design, as they
provide the pathway for risk re -allocation (hedging), signal the need for investment, and
support various commercial activities to ensure lowest possible costs of supply in the
long-term. FTRs provide an important link between the LMP -based spot markets and
forward markets through the FTR auctions. Therefore, the second purpose of the FTRs is
to support bilateral contracti ng/forward markets to assure the efficient use of the
transmission system and lowest possible costs of energy in the longrun.

Identifying the purposes of the FTRs is crucial in determining whether the ARR/FTR construct

is working as intended. Currently, there are different views on the purposes of FTRs. For instance,

the IMM believes that the ARR/FTR construct has only one purpose: to return exactly1l00% of the

congestion charges collected in LMPs back to load!? Although FERC recognized that FTRs would

facilitate the return of congestion charges to load, FERC never statedthat load should receive
exactly100% of congestion charges collected n LMPs. Indeed, FERC described the conceptual

basis for FTRs more broadly than simply the return of congestion charges in the original

decisions, referring to the concept of hedgingand di scussing the PJM Compani
regarding the need to accommodate bilateral contractsi® More recently, FERC clarified its
understanding, noting that that FTRs were odesigned to serve as the financial equivalent of firm

"TMoni toring Analytics. OQuarterly 0S6aNev eb20,pé8UBMMar ket Report

BFeder al Energy Regulatory Commission. 0O0rder Conditionally
Power Pool Agreements, Conditionally Authorizing Establish of an ISO and Disposition of Control over
Jurisdictional Facilities and DenyingRehe ar i ng. 6 November 25, .,dA®97. (81 FERC &
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transmission service and play a key role in ensuring open access to firm transmission service by
providing a congestion -hedging function. 619

3.1 Introduction of LMP system necessitates FTRs

The need for FTRs arosedue to the introduction of LMP -based gpot markets and open access to
the transmission system20 Market designers selected the LMP design for spot markets becauset
ensured efficient use of the transmission system by pricing the locational differences that were a
function of network con straints (see textbox on the next page). Byinternalizing congestion on the
system, LMPs also led to efficient production and consumption decisions in the spot market.
However, market designers and FERC recognized that LMP markets would not replace existing
commercial arrangements. Bilateral trading and forward markets would continue, and the LMP
system would need to be able to work collaboratively with these other commercial
arrangements 2122

What are FTRs and ARRs?

FTRs are financial instruments that allow the holder to get paid for transmissi on congestion
charges that occur when the transmission grid is congested in the day-ahead energy market.
PJM uses the pointto-point construct w here the source (point of receipt) and sink (point of
delivery) and the quantity (MW) is defined.

ARRs are another type of transmission right in PJM. Like FTRs, ARRs are defined on path-
basis by the sink and source points. They are allocated annually to load serving entities in PIM
(and other firm transmission customers who may be eligible for ARRs). ARRs entitle t he
hol der of the ARR to receive a payment ( kin
ARRs held (on a specific path) multiplied by the noda | Congestion cost component of the LMP
(60CLMPs06) that are an outcome of the annudl

19FERC.158 FERC 1 61,093January 31, 2017.

20Prior to the LMP system, the PIM market was based on cost of service rates, where the delivery of lowcost generation
was based m utility -owned | ocal generation and contracts with remote generation. To ensure the delivery of
the energy from contracted remote generation, the utility paid for physical rights associated with the
transmission system for the delivery of energy.

21IFERC.0 Or d er  CallpAt ceptinggdOpen-Access Transmission Tariff and Power Pool Agreements, Conditionally
Authorizing Establishment of an Independent Syste m Operator and Disposition of Control over Jurisdictional
Facilities, and Denyinmg 1987%ph6d (8lrFE.R.EC.PEIR5INO v e mb e

2PJM, oBrief of Supporting Comp an-iNewslerseyMaryleng Intereonneation with
Order No. 888. Docket No. OA-97-261-000. December 31, 1996. pp. 887.
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Under the LMP pricing system, the marginal cost of congestion is embedded in LMPs, and
therefore LMPs woul d vary by location when the transmission system is congested. Moreover, as
a result of the uniform pricing concept, collected LMP payments from all load would exceed the

cumulative LMP payments to generators when the transmission system is congested?324 This was

How are LMPs c alculated?

LMPs reflects the price of electricity at a specific location of the transmission system. This is
because energy prices vary due toits cost of generation and transmission, depending on their
geographic regions. Additionally, LMPs account for t he marginal cost of energy at that point
in time and the marginal cost of congestion on the network to deliver the energy to that

location (as well as marginal transmission losses).

LMPs are calculated based on a set of shadow prices, which estimate thenarginal economic
value of relaxing a constraint by one unit of additional capacity (MW). The shadow prices are

a byproduct of the security constrained dispatch model, which aims to minimize the system

energy production cost combined with the constraints t hat result from the power balance, and
transmission and dispatch limitations. LMPs can be decomposed into three components:

Locational — System Congestion Marginal loss
marginal price [ marginal price + component + component

A Energy A Representsthe A Reflectsprice of
component of marginal cost of marginal losses
all LMPs; the congestion at a A Varies by
price for electric given node location
energy A Varies by

A Same price for location
every bus

Under the LMP system, load could overpay for the cost of supply, because of network
constraints and the uniform pricing applicati on of LMPs. During periods of congestion (and
leaving out for purposes of simplification the marginal loss component), LMPs wil | vary by
location due to the marginal cost of congestion (the transmission congestion cost). All load in
the constrained zone would pay a higher LMP, even if part of the load was served with
cheaper resources that were outside the constrained zone. So, wen PJM makes paynent to
the generation, if will have leftover amounts. This is known as the congestion charge.
Appendix A (Section 9) provides a numerical example of how congestion charges arise in a
LMP system.

22Hogan, Wil |l i am. MakBt&Stpucture andPmicing BuMs. December 31, 1996. Docket OA9261-000. pp.
50-51.

24 Please refer toAppendix E (Sectionl3) for numerical example.
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deemed unfair given that load had already paid for transmission service through a separate
regulated charge.25 Therefore, one purpose of the FTR construct was to return the overpayments.

3.2 Supporting hedgin g and bilateral contracting

In the original filings, the PJM Companies and their experts showed that the congestion

component of LMPs would be difficult to predict and would be volatile. 26 This uncertainty

created friction with bilateral contract arrangemen ts,2” because it undermined the ability of LS Es
to guarantee a set price to their load customers. Even if an LSE locked in the cost of energy
through a power purchase agreement (O0OPPAG),

congestion in the spot market. FTRs coul d € eeat é&a thewwldtie congestion

component in LMPs.

PJM proposed (and FERC approved in November 1997) that all firm transmission customers be
awarded FTRs for the paths defining their specific receipt and delivery p oint reservations.2829 A
path-based construct for FTRs was intentionally selected to align bilateral and self-supply
arrangements with the LMP -based market. More specifically, bilateral transactions and self-
supply can be accommodated in the LMP settlement processby virtue of locational specification:
a market participant simply needs to specify the location of the receipt point (location of

generation source) and withdrawal point (location of load). The point -to-point definition of FTRs

is consistent with this arrangement and allows market participants to hedge their exposure to
locational price differences between the location of their supply sources and load obligations.

Therefore, the second purpose of FTRs is to supportbilateral contracting and hedgin g, or more
broadly linking the spot energy markets and forward markets.

In the 2003 FERC Order (that accepted the introduction of annual FTR auctions and ARR
allocations) and Order No. 681 of 2006, FERC also emphasized the significance of FTRs in

2581 FERC P61,257, p. 34.
2681 FERC P61,257, p. 32

2781 F.E.R.C. P61,257. 32; FERC. Lom-Term Firm Transmission Rights in Organized Electricity Markets. 114 FERC
1 61,097. February 2, 2006p. 17.

2881 FERC 1 61,257, p. 9.

29 Market participants with firm reservation are protected from congestion charges if they schedule energy consistent
with the points of receipt and delivery specified for their reservations. This is what FERC and other parties
referred to when using the term operfect hedge
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facilitating hed ging congestion price risk over a longer period of time, rather than for a term of
only one year or less30

PJM on long term benefits associated with transmission rights

oOLong term transmission rights have the po

1) Long term rights could providefaked hedge against changes in congestion over an extende
period, therebynitigating a major risk associat ed with LMP volatility over the applicablg
period.

2) The ability to hedge congestion over a mydtar perioccould thensupport the development of
a longer-term energy product due to the ability to mitigate congestion risk over the term of
right.

3) The development of longerm energy products could, in turriacilitate additional market

benefits by creating forward price signals that cou Id support the development of more
liquid forward markets.

4) Given that investment in energy infrastructure ¢apital intensive and involves lofiyed assets,
a liquid forward market is an essential element in estdblislan environment to suppor
infrastructure investment, financing, and risk management.

5) Long term transmission rights would also create iddal FTR products, thereby increasing tf
ability of participants tceffectively manage market positions consstent with varying levels of
risk tolerance.

6) Finally, long term transmission rights woulgrovide a longer-term price signal for
transmissio n investment by guaranteeing a fixed revenue stream for the term of the right.

- PIM (Filing to FERG- Docké No. AD05-7-000, June 2005); Enhasis by LEI

The role of FTRs in supporting forward markets bec
the passage of the Energy Policy Act of 2005( BPAct 200% ) . This | egisdnati on
217(b)(4) to the Federal Power Act. It explicitly provided load with long termfirm transmission
rights (or equivalent tradable financial rights) for purposes of hedging congestion charges
associated with the delivery of power from a long -term power bilateral supply arrangement

executed in advance of the spot market. PJMOs com
LTTR Assessment identified a list of longer-term benefits associated with the ARR/FTR
mechanism that provided long -term transmission rig hts (see textboxabove) . FERCOs Order

681, which set the new guidelines for US RTOs/ISOs, ensured that load had LTTRs. This also
aligned with PJM&s c¢omme ntaffiimedthpeénpartdnc € dthelbgnefits Or der 1
identified by PIM.3tInsummary, PJMds comments and FERCOs Order
that the ARR/FTR construct can and should support liquid and efficient forward markets

30 FERC 102 FERC P61,276. Washington DC, 20Q3p. 2; and Federal Energy Resource Commission. Order No. 681:
Long-Term Firm Transmission Rights in Organized Electricity Markets . July 20, 2006., p. 8.

31PJM. PJIM Interconnection LLC. Comments of PIM Interconnection on the FERC Staff Discussion Paper on Long Term
Transmission Rights Assessment, Filing: AD 05-7-000, Washington, DC, June 27, 2005.
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(Purpose #2). As noted by PIM, load would ultimately benef it from inve stments din transmission
and generation infrastructure & that the forward market would facilitate.

Although the mechanisms for engaging in the sale and purchase of FTRs have evolved since its
inception, the initial purposes for having FTRs rem ain valid today as load continues to pay for
transmission, and market design continues to depend on an efficient spot market and a
functioning forward market.

34
London Economics International LLC
717 Atlantic Avenue, Suite 1A
Boston, MA 02111
www.londoneconomics.com



4 Overview of PIJIMOs ARR/ FTR mar ket evol

Key takeaways

9 Since 1998, PJM has evolved its FTR (and ARR) mechanisms to improve on botRurposes
#1 and #2 by giving load more opportunities to have the congestion charges returned to
it and advancing the functionality of FTR trading and expanding hedging opportunitie s.

Most changes over time were in response to identified challenges in the functionality of
the ARR/FTR construct, as well as practical considerations for dealing with changing
system conditions.

To evaluate the current design, it is important to under stand the various changes to the ARRFTR
mechanism over time and how the changesarerelated to the underlying purposes. Over the past
20 years, numerous modifications have been introduced to the ARR and FTR institutions at PIJM
to reinforce both of the original purposes. For example, the ARR allocation process has been
transformed in several ways including the introduction of stage 1A allocation, addition of
residual ARRs, and practical updates to eligible ARR paths (because of retired generation sarces
and new sources). PJM has also made chnges to the FTR product and auction design. For
example, over the years, PJM increased the number of FTR products offered and added
incremental opportunities to buy and sell FTRs.

4.1 Key changes in the ARR construct

In 2003, PJM introduced ARRS, a new clasof entitlements distributed to LSEs (and other firm

transmission service customersp2in lieu of direct allocation of FTRs to load. 33 Like FTRs, ARRs

are a path-based property right. LSEs can hold onto ARRs or corvert them into FTRs. In this way,

the ARRsmai ntained the Oprioritydé of | oad to the trat
some flexibility for LSEs around when/how they would monetize the value of their property

right. More specifically, LSEs can lok in the amount of congestion payments a yea in advance

32PJM is not the only market with ARRs. New England added ARRs in 2003, Midcontinent Independent Transmission
System Operator added ARRs i n 200 7addechARRs ii52012tShevlevs t Power
England 1SO website. < https://www.iso -ne.com/participate/support/fag/financial ~ -transmission-
rights#a>, MISO Filling in Docket No. ER07-418000, January 29, 2007., SPP Filling in Docket No. ER12179
000, February 29,2012.

33 An incremental FTR was created alongsde FTR for the purpose of incentivizing customers and generators to expand
on the grid and ensuring that they receive a form of FTRs even after FTRs have been allocated during the
planning year. The Incremental FTR was crucial as it supported Purpose #2, by signaling for efficient
investment to the transmission system in the long run. When ARRs were introduced in 2003, Incremental
FTRs were renamed and reconfigured as Incremental ARRs (IARRs). The function of IARRs is the same as
Incremental FTRs. Sectior6.4discusses IARRs and the total number of requested IARRs in the past five years.

35
London Economics International LLC
717 Atlantic Avenue, Suite 1A
Boston, MA 02111
www.londoneconomics.com



of the spot market. In summary, the introduction of ARRs provided an alternative mechanism for
load to hedge congestion price risk in LMPs.34

Since 2003, there have been several changes &RRs, asshown in Figure 14below. These changes
aimed to modify the allocation processes of ARRs and allow for new generation or transmission
capability to be included in the ARR market. These changes aligned with Purpose #1 and #2, as
it allowed load more flexibility on its rights to congestion charges but also enhanced investment
in transmission. Appendix B (Section10) provides a more detailed description of the major events
in PIJMds ARR/FTR mar ket

Figure 14. Evolution of ARR s and its allocation process

November 2006 February 2017
PJM gave priority right to load, by PJM removed and replaced retired
ensuring load could acquire (and dt_arated) source nodes when
sufficient ARRs for up to 10 years. allocating Stage 1A and 1B ARRs

Stage 1 was split into 1A and 1B.

| |

August 2007
PJM introduced: PJM introduced
ARR allocation process, Residual ARRs
Annual FTR Auction,
and FTR Options

Source: FERC Orders

4.1.1 Long-Term Transmission Rights and the revision to the ARR Stage 1 Allocation

In 2005, the Federal Power Act was amended to grant FERC the power to require public utility
transmission organizations to provi de long-term transmission rights to LSEs.35 FERC provided a
set of guidelines for RTOs and ISOs so that they could guarantee longterm transmission rights
to load (described in the blue textbox below). In response to the FERC guidance, PJM revised the
ARRconstruct t o c¢ompl y-yeavirandmisgioh gghtkefurein@rd. Speafically,
PJM gave priority rights to load to network capacity by ensuring that all load could acquire
sufficient ARRs for up to 10 years 36 To facilitate this guarantee, Stagel was split into 1A and 1B.
Stage 1A would allow PJM to determine if the ten-year ARRs would be feasible alongside all

34 Federal Energy Regulatory Commission. 102 FERC P61,276. Washington DC, 2008. 7.
35FERC. 116 F.E.R.C. P61,077. Washingtdd.C., 2006.

36 PM. PJM Interconnection LLC. Filing: ER06-1218000., Washington D.C., 2006.
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other Stage 1A ARRs for the subsequent ten years? The addition of a long -term ARR and revision
of the Stage 1 allocation process is corstent with Purpose #1 of FTRs. It provides load the
opportunity to access a volume (baseload) equivalent of the auction revenues. Additionally, this
change is also consistent with Purpose #2 (i.e., motivating transmission investment, if system
congestion resulted in a situation where load was not receiving its g uaranteed level of network
capacity in the ARR allocation process, as described in the textbox below). When a requested

Stage 1A ARR does not pass the Simltaneous Feasi bi |l ity Tesvorkwith SFTGO) ,

transmission owners and entities to build and u pgrade transmission capability to ensure that the
requested Stage 1A ARR would be feasibles

0The LTTR pr angters mahsmissior rightsebased on a priority tgear ARR allocatior
for Zonal Base Load that ensures lontgggm certainty with the flexibility to opbut of the teryear
rights on an annual basis to accommodate changes in market conditions. P3Mhstatee proposal
creates a link between the letggm transmission planning process and the ARR allocatiatgss tc
ensure the transmission system is upgraded to mainkerieasibility of stage 1A ARRs for Zonal Bas
Load plus the projected tgear growth of base load. PJM adds that the proposal also provid
mechanism for identifying upgrades and the eisded costs needed to support requests for theayr
incremea t a l ARRS , i . e. , new ARRs that resul t f]

- FERC Order (117 FERC 1 61,220XNovember 22, 2006)

4.1.2 Residual ARRs

On August 13, 2007, F E Rt@o addpaResiduvab ARR fradidt Residua q u e
ARRs are directly allocated to load when new transmission capacity developed during the
Planning Period becomes available (as described in the textbox to the right)3940 However, it
should be noted that Residual ARRs cannd be converted to FTRs currently, unlike regular ARRs,
because they are allocated after the annual FTR auction. The purpose of creating the Residual

371bid .

38 As stated in Appendix B (Setion 10), in 2012, PIM found constraints in its network model on the amount of Stage
1A ARRs it could award to LSEs in the Commonwealth Edison Company zone. Therefore, PIM proposed a
transmission upgrade as part of the RTEP process to remedy this ARR allocation issue (e.g., the Grand Prairie
Gateway project, which was completed in 2017).

39 PJM. PIM Interconnection LLC. Filing: ER07%1053000., Washington D.C.,2007.

40 Once Residual ARRs have been allocated, they would be available as regular ARRs in the following annual ARR
allocation process since the new transmission system would be included in the power flow model. SeePJM
Market Monitoring Unit. Monitoring A nal yt i c s, LLC. oState of the Market
2008.
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ARR was to remedy the ARR pathways that were prorated during Stage 1 of the annual allocation
process#t ARRs are prorated when requested ARRs do not pass SFT42

All ARRs requested for the annual allocat i on are subjected to the SFT wus
The SFT ensures that there will be adequate revenue funding for ARRs and FTRs#3 And
frequently, not all requested ARRs are approved as a reult of SFT, as the requested ARRs may
be greater than the actual transmission capacity, therefore making the requested ARR (quantity
and/or path) infeasible. Furthermore, potential transmission outages may also cause rejuested
ARRs to not pass the SFTHowever, even if the requested ARRs do not pass the SFT, PIM will
continuously monitor conditions and seek ways to re -adjust the network during the planning
period (e.g., work with transmission owners and entities) to ensure that Stage 1B would be fully
feadble.44 As such, LSEs may receive a prorated amount of the ARR requests in the annual
allocation. The addition of Residual ARRs is consistent and enhances the original purpose of
FTRs, which is to return congestion charges to load.4

O[] Resi dual ARRs ] can result fr om orbgpa changesireasy
other system factor not considered in the simultaneously feasible model for an annual ARR allo
and, if nodeled wold have increased the amount of ARRs allocated. The proposed rules create
transmission right, Residual ARs, for stage 1 prorated pathways, and establish allocation for| <
rights. The rights are associated with transmission capacityextehiringa Planning Period, after the
annual ARR allocation, and, therefore, not accounted for in the annual allo¢atioh +Plarmiag
Period Capacityod). 6

- PIM filing to Docket No. ER07-1053.000 (June 19, 2007

4.1.3 Reflecting the retired generation in the allocation model

On January 31, 2017, FERC accepted PJM&ds proposal
source nodes when allocating Stage 1A and 1B ARRg%6 Specifically, PIM replaced souce points

41 |bid.
42 SFT is further discussed in Appendix C ( Section11).
43PJM Market Monitoring Unit . Monitoring Analyt ics,LLC. 0 St ate of the Market Report for

44 A method and example to readjust the network during the planning period, with the collaboration of transmission
owners and entities, is to build or upgrade transmiss ion capability.

45 Accordi ng to the State of the Market Report, 2019, PIM allocated a total of 26,262.6 MW of residual ARRs, down from
31,554.6 MW in 2018. There was @ ARR target allocation of $11.7 million for 2019, and $15.3 million for 2018,
respectively, associated with theseresidual ARRs.

46 FERC. 156 F.E.R.C. P61,180. Washington D.C., 2016.
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associated with retired generator s or generators that have reduced their installed capacity with
an equivalent number of MWs for operating generators, defined as Qualified Replacement
Re s our c e s4 QRRQ&ReRdeNtified based on the following criteria: a genemtion resource
that has a determined installed capacity value for the delivery year and is not presently
recognized as an ARR historical resource, pass an SFT, and to maximize the economic value of
ARRs#8|n addition, the QRRs should not consume greater than the total amount of tr ansmission
capability set in the current ARR allocation or future Stage 1A allocation. 4°

The replacement of retired (and derated) source nodes is essential, as the use of retired generation
sources could lead to inaccuracy when determining the feasibility of Stage 1 ARRs. This

disconnect between the network modeling (and the SFTs) and actual usage presents a problem,
as it does not allow (i) proper investment signals since actual transmission may not be congested

as theretired (and derated) source nodes ae not in use; and (i) ARR requests may be rejected

due to the inaccurate modeling (as described in the textbox below).

OPJM asserts that i tegawasts trapapermo lpngear eohsilered to be capa
because such megawatts have nat baelied for deliverality and thus do not reflect actual system
usage [é] by calculating the megawatt val @le
that each zoneds Stage 1 capacity iviedodnizebard
preseve preFTR market transmission investments incurred by a load serving entity to deliver |
FTR market total historical capacity value to seitgezonal demands; and (ii) ensure that PIJM wil

allocate Stage 1 ARRs with a sufficiel#gree of prETR grand ar i t y. 6

- FERC Order (158 FERC 1 61,093}January 31, 2017)

4.2 Key changes in the FTR market

Various developments have occurred in the FTR market since 1998. Themajor changes include
the addition of more FTR paths, an increase in the frequency of FTR auctions, and maodifications
in how FTRs are settled. All these changes aspired to improve the FTR auctions' efficiency, which
positively impacted the achieve ment of both purposes. In particular, the changesthat led to more
efficient and frequent FTR auctions improved the payout to load (higher values to LSEs that hold
ARRs, and more opportunity for hedging) as well as enhanced the price discovery for forward
markets. These changes are reflected irFigure 15below.

47FERC. 158 F.E.R.C. P61,093. Washington D.C., 2017.
48 FERC. 158 F.E.R.C. P61,093. Washington D.C., 20%¥.34

49 bid.
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Figure 15. Evolution of FTR auctions and products

April 1999 May 2006

PJM Introduced the PJM introduced
Monthly FTR Auction Balancing of Planning
Period (BOPP) FTR
Auction

April 1998 % October 2008

PJM implemented the PJM introduced: PJM implemented the
LMP market and ARR allocation process, Long Term FTR
introduced the FTR Annual FTR Auction, Auction
product and FTR Options

Source: FERC Orders

September 2016

PJMreallocated
balancing congestion
costs to reattime load

and exports

|

PJMshifted payment

of surplus congestion

from FTR holders to
ARR holders

4.2.1 Addition of more FTR paths and monthly FTR auction

The first important chan ge to the original FTR mechanism
occurred on April 13, 1999, when PJM introduced a centralized
monthly FTR auction. The purpose of the auction was to allow
market participants (even non-LSEs) the opportunity to
acquire residual FTRs that had not been alloated to LSEs (as
described in the textbox to the right). 50 This provided another
avenue for network customers (load) to obtain any FTRs they
wanted, and that could not be awarded in the annual
allocation process. LSEs could also sell the FTRs they were
allocated. In summary, the monthly auction provi ded an easy
way for LSEs to reconfigure their portfolio of FTRs. 5! This
change recognized the theoretical importance of trading of
property rights. 52

S0 FERC. 81 F.E.R.C. P61,257. Washington D., 2001.

51 PJM. PJM Interconnection LLC. Filing:ER03-406-000. January 10, 2003. 3.

0 T hmonthly [FTR] auctions
have allowed market participan
(1) to submit bids @ purchase
residual capacity, (2) to subm
offers to sell existing FTRs, (3
maximize the efficiency of FT

trading by providing an
automatic reconfiguration o
FTRs. 6

- PIM filing to Docket No. ER03-406-
000 (January 10, 2003)

52 According to the Coase Theorem, the trading of property rights (with minimal transaction costs) can ensure an
efficient equil ibrium, regardless of the initial allocat ion of property r ights. Transaction costs and barriers to

trading can obstruct efficient outcomes. SeeRo b s o n,
rights and the Coase
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4.2.2 Addition of annual FTR auction and FTR options

0The new annuwa
process (1) will create a mo
liqguid and deeper market fg
FTRs, (2) will allocate more
efficient scarce FTRE) will give
customers more flexible optior
for hedging their risk, and (4) will
create a more active second:
mar ket for FTR

- PIM filing to Docket No. ER03-406-
000 (January 10, 2003)

based on

PJMO&s53net wor k

In 2003, FERC aceptedPJ M6 s proposed
created the annual ARR allocation process @s discussal in
Section 4.1), annual FTR auction, and an FTR option product.

Since then, LSEs have no longer been directly allocated FTRs.

Instead, LSEs were allocated ARRs, and the anual FTR
auction allowed them to convert those ARR obligations into
FTR obligations. The annual FTR auction also allowed
participants to buy and sell FTRs to fulfill their congestion

hedging needs (as described n the textbox to the right).

At the same time, PJM introduced FTR options, making it
easier for a market participant to buy an insurance product
against congestion risk on a certain path. Note that options
paths are only available for select source and shk nodes
mod el

4.2.3 Mon thly balance of planning period FTR auction

On November 2, 2005, PJM proposed to creatéwo intermediate -term F TR pr oduct s:

Pl anni Peri

mar ket

of
t o

ng

od FTR6 and

than one year (as described in the textbox below)55

The Balance of Planning Period FTR covered a multtmonth period that reflected the remainin g
months within a planning period. Market Pa rticipants are able to bid or off er monthly FTRs for
any of the next three months remaining in the planning period. 5 These auctions start at the
beginning of each month (after the monthly FTR auction) and run thr ough May 31st each years?
The Planning Period Quarter FTR covered four discrete, three-month periods that remain within
the planning period. 58 These products were available during the monthly FTR auctions, in
addition to the single -month FTR products.

53 FTR options can only be offered to the extent there is residual capability.

54 PJM. PJM Interconnection LLC. Filing: ER06150-000., Washington D.C., 2005p. 2

55 1bid.

56 PJM Market Monitoring Unit. Monitoring Analytics

, LLC. State of the Market Report for PJM, 2007. March 8,2008.

57 PJM. PJM Interconnection LLC. Filing: ER06150-000., Washington D.C., 2005p. 2

58 |t is important to note that since the 2018/2019 planning period, the Planning Period Quarter FTR is no | onger used.
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OPJMG6s monthly FTR auct i on sforemontheveringthe folotifg
calendar mont h, and PJMOds annual auction

the PJM Planimg Period. Some Market Participants have indicated that an FTR product cove
period of time greater thame month butéss than one year would better serve their business plar]
needs. In response, PJM has developed new FTR products havingaténgbétween those of th
FTR products currently available."

- PJM filing to Docket No. ER06-150-000 (November 2, 2005)

4.2.4 Long Term FTR auctions

In 2008, PJM introducedt he Long Term FTR (OLT FTRO) Auctions

market participants to trade FTRs products that are (i) longer than one planning period, and (ii)

single planning period FTRs that could be used in subsequent planning periods. 5 The LT FTR
Auctions afforded market participants (including LSES) the ability to acquire new 3 -year forward
FTR products and lock in their congestion cost for a future period (as discussed in the textbox
below). Participants could request any source and sink points for 24-hour, on-peak, or off-peak
blocks, as long as the requested FTR passed the SFV.

LT FTR auction provides for the sale of FTR obligations only because FTR options would be
difficult to model and account for i n the long-term. Additionally, the inclusion of FTR options
would significantly increase the number of scenarios that would have to be si mulated in the SFT
to ensure revenue adequacys!

0The-tleamg FTR will enhance the total packag
ways. First, itwill give participants greater flexibility in hedging their market positions. Second, itjw
give participant access to cong@s hedges that better align with the requirement of retail agc:

auctions that commit a LSE to mulgiear LSE obligations. Fally, the longe-termed products alsp
i ncrease financi al participantds opporadEIR|
products that can be traded in the market.

- PJM filing to Docket No. ER08-1016:000 (May 28, 2008)

59 PJM. PJIM Interconnection LLC. Filing: ER06-150-000, Washington D.C., 2006.
60 Simultaneous Feasibility Test are further discussed in Appendix B ( Section 10).

61 Parmeswaran, Vijay, and Kumar Muthurman . 0OPPRiIi on Formulation and ®ystenci ng. 0
Research(March 26, 2009).
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4.2.5 Balancing congestion

Balancing congestion is a On January 31, 2017, FERC ordered that PJMllocate balncing
real-time  imbalance of | congestion costs on a prorata basis to reattime load and
charges that occurs when the exports to solve this issue. Previously, balancing congestion (as
transmission capability in defined in the textbox) was assigned to FTR holder_a and it
the real-time energy market caused FTR holders to discount the value of FTRs given hey
is less than the assumed | hadto absorb a liability (since balancing congestion is typically
availability determined in a negative value). The reassignment to realtime load and
the day-ahead enegy exports was justified because balancing congestion is a
market. In essence, there is settlement based on costs that arise in the reatime market.

less electricity available for

T This change to the settlement process is consisten with

returning congestion payment from LMPs to load, and it also
supports the second purpose of FTRsd hedging and promoting
forward markets. Given that FTR holders no longer bear the balancing congestion liability, th e
FTR auction results are less likely to be affected by the risk premiums for underfunding and
therefore more reflective of expected congestion in the day-ahead energy market, which means
that the price discovery signal provided by FTR auctions wou |d be im proved.

oThe Commi sSsi on f ound t hat , under t hese c
congestion irthe definition of FTRs would result in either the chronic unfierding of FTRs, or the
unrealized value of ARRs for certain load servingenéts , t o t he detri men

reattime markets and, under certain circumstas, thehoklr s of t he underl vy

- FERC Order (158 FERC 9 61,093§January 31, 2017)

4.2.6 Surplus transmission congestion charges

On June 1, 2018, FERC accepted PJ M& s requoms:t
congestion charges from FTR holders to ARR holders. Starting with the 20182019 planning
period, surplus congestion has been distributed to load on a pro -rata basis to their positive ARR
target allocations.6263 PJM requested this change to better align the ARR mechanism with the
original purpose of returning congestion payments to load (as described in the textbox bel ow).
Surplus transmission congestion chargesoccur only because the network model used by PIM to
allocate ARRs and to clear FTRs in the annual and monthly FTR auctions is underforecasting the
extent of network capacity that is actually utilized in the spo t market. So, the existence of surplus

62FERC. 163 F.E.R.C. P61,165. Washington D.C., 2018.

63 With the change in surplus congestion entitlement, FTR holders will still be fully compensated before ARR hold ers
receive the surplus. S e e ComrRissidne 162 F.E.RECnR6 1,165 Wdskengtanl DaQ., o r y
2018. P. 3606
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congestion can be traced to a problem of ARR under-allocation. Therefore, it is reasonable that
the load should receive this surplus congestion.6465

OPJM states that annual ARRs are currently wevh | | ocat ed because of
model ingd required t ofudingandFdtRe rayga&inmuet i AB
concludes that the tramission congestion charge surplus is, by definition, the congestion collegte
which no risk hedge was allocated. Therefore, to the extent FTRs afferament at the end of the
Planning Period, eturning value back to ARR holders equal to the surplilismitigate against the
fact that the ARRs were undatlocated in the first instanae.

- FERC Order (163 FERC { 61,165{May 31, 2018)

7.V)

4.3 Current ARR/FTR mechanisms

The current ARR/FTR mechanisms are shape by the changes and modifications made in the
past several years as discussed in the previous sections. Currently, the ARR allocation process
has two stagesd Stages 1 and 2. Under Stage 1, PJM assigns ARR sources for each zone from
resources historically designated to serve loadsé in the zone. Stge 2 has three rounds that allow
LSEs to request additional ARRs from various potential ARR source points. Although ARRs are
acquired through the annual allocation process, PIJM performs a dally ARR reassignment.s” ARRs
continue to be available only as an obligation. The ARR holder can either hold on to its ARR or
self-schedule the ARR to convert into an FTR during the annual FTR auctions.

Many FTR products developed in the previous years are still in use today, such ason-peak and
off-peak FTR obligations and options. Auction formats such as the monthly and annual FTR
auctions are still widely used by market participants to this day. The Long-Term FTR auction,
revised to five-rounds instead of three rounds on April 15, 2020, is a continuous part of the FIR
mechanism, allowing participants to acquire long-term FTRs with reduced financial risk. 8
Appendix C (Section 11) provides a more detailed discussion on the current ARR/FTR
mechanismsin PJM.

64 FERC 163 F.E.R.C. P61,165. Washington D.C., 2018. 2.

65 Notably, in this decision, FERC also clarified that full funding of FTRs is not guaranteed and that FTR holders take
on the potential risk of under -funded FTRs.

66 |nitially, this was based on the historical reference year that corresponds to the LMP-based market implementation
for the transmission zone. For instance, for ATSI, it is based in 2010, the year that it joined PJM. Startig in
2017/2018 Annual ARR, the retired generators used as eligible ARR sources were replaced with available
ones.

67 This happens when ARRs allocated for the planning period are reassigned on a proportional basis within a zone, as
load switches between LSEs (due to retail competition and customer movement between different LSES).

68 FERC 171 F.E.R.C P61,017. Washington D.C., April 2020p. 3.
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5 Selecting the appropriate evaluation criteria (Task 2)

Key takeaways

LEI selected four criteria -- equity, efficiency, simplicity, and transparency -- to analyze
PJM6s ARR/FTR mechani sms. These criteri a
guantifiable.

These are also commonly used criteria in regulatory economics and policy design.

The two purposes behind the creation of FTRs (and ARRSs) naturally relate to the issues of
equity and efficiency and therefore are of primary importance to the evaluation.

Transparency and simplicity are supportive criteria that can amplify (or hinder) the
achievement of the primary cr iteria.

Evaluation criteria are vital for structured and methodic analysis. In economics, regulatory
design,s? and policy analysis, efficiency is the criteria of singular importance. Efficiency invo Ives
the optimal allocation of resou rces tothose that value them the most. Efficiency can be observed
through competitive bidding outcomes in the auctions, which leads to the highest auction prices
given expectations about future congestion (and risks), and the highest possible payout to ARR
holders (given the auction results), and efficient expectations on future congestion on the
transmission network . The former observation supports Purpose #1, while the latter supports
Purpose #2.

However, electricity markets are intentionally designed instituti ons created by policymakers and
regulators. A critical goal of these designed institutions and arrangements is to deliver just and
reasonable outcomes. Thereforethe fairness of outcomes orequity considerations is also critical.
There are also several practical dynamics to intentionally designed institutions. First, it is better
if the design and associated rules are clear and straightforward, and therefore less susceptible to
uncertainties, assumptions, and controversies. Second, each market participantshould have
access to timely and accurate data provided in a transparent manner so that they can make
efficient decisions.

Consequently, LEI used these four criteria & equity, efficiency, tr ansparency, and simplicity 0 to
assess the ARR/FTR mechanisms. Tle first two criteria are of primary importance, while the last
two criteria are supportive (secondary) in nature, as shown in Figure 16. All four are broadly
accepted criteria in regulatory economics based on widely acknowledged in dustry practices.
Economists, judicial experts, and regulators have relied on comparable criteria for systematically

For example, see James C. Bonrditbroiogkh t ®@sPrd enmoii rpd le sr eod u |Bautbd riyc HU't
by the Columbia Univer sity Press in 1961.
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analyzing issues brought before them 70 Indeed, at the heart of many social policy and regulatory
debates lies the ageold question of equity versus efficiency. Similarly, the tradeoff between
equity and efficiency is a prominent element of FTR/ARR mechanisms analysi s, as we discuss
further below.

Figure 16. Criteria used i n the evaluation of the ARR/FTR mechanisms

Primary criteria Equity

I

Efficiency

Simplicity

@ Secondary
criteria

O

5.1 Primary criteria

Equity and efficiency are the primary criteria in this analysis, as they are directly linked to the
two purposes of the FTR market identified in Task 1. Equity reflects the fair treatment of aff ected
parties (for example, equitable distri bution of benefits or profits from the purchase/sale of a good
or service). It requires some judgment in the eye of the beholder, but it is also crucial for the
overall successof a policy or regulatory decision , asit speaks to the distribution of welfare . In the
context of ARR/FTR design, t he equity criterion aims to look at whether the existing construct
achieves the return of congestion charges to load Purpose #1). The efficiency criterion also
applies to Purpose #1 because the efficiency of the FTR actions impacts the optimality of the
payments to ARR holders. However, efficiency is also a major consideration when thinking about
how well the FTR construct supports forward markets ( Purpose #2).

Efficiency reflects a state with optimal production an d consumption (for example, efficient
market prices will reflect the optimal use of a good or service). Competitive markets for a product

70 For example, FERC frequently speaks to efficiency of regulations and policies, especially as it relates to directives it
provides on wholesale market mechanisms. Fairness is also a critical factor, underpinning important concepts
ike the O0just and reasonabled standard.
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or service are inherently expected to deliver on efficiency goals; therefore, market mechanisms
are preferred over rul essbased schemes ® ensure efficient outcomes. This philosophy applies to
the FTR auctions and the broader electricity market system (consisting of the LMP-based spot
markets and forward markets). If the FTR auctions' outcomes areallocatively efficient, 7then the
price of FTRs will be bought by those that value the product the most. An efficient auction ensures
ARR payments are maximized and returned to load. In addition, the auction clearing price will
reflect an accurate, market-based expectation about iture congestion. This market-based
expectation of future congestion is essential to forward markets. In turn, well-functioning
forward markets ensure dynamic efficiency?2 in the long run, as characterized by timely and
sufficient investment to sustain the lowest possible cost of electricity for load. As such, FTR
auction outcomes create an important link between LMP -based spot markets and forward
markets for energy.

Figure 17. Equity and efficie ncy criteria

Equity as a criterion relates to Purpose #1: since load (and other firm transmission customers)
pay for transmission service, then they should also receive the congestionchargesaccrued in the
LMP market since these rents are essenélly ad ditional charges paid by load in LMP s, because of

71If an allocation of resources maximizes total surplus, that allocation exhibits efficiency. If an allocation is not efficient ,
then some of the potential gains from the trade among buyers and sellers are notbeing realized. Similarly, an
allocation is inefficient if a good is not being consumed by the buyers who value it most highly. Source:
Manki w, N. Gregory. OPrds1.céd pFieft o f-Wddibme i€CENGAGESR @amind
(USA). pp. 147-148.

72 Dynami c efficiency reflects the need for industries to make timely changes to technology and products in response
to changes in productive opport Coimpioment Sowfc&f fHaveatty,
A Publication of th e Australian Comp etition and Consumer Commission for the Utility Regulators Forum.
March 2017. p. 1.
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constraints on the transmission system. Unlike efficiency, considerations around equity are
subjective. In other words, an outcome may be equitable from the perspective of one party but
inequitable or unfair from the viewpoint of another part y. In the context of FTRs and ARRs,
subjectivity arises when similar ly-sized and similarly -situated loads receive a varying amount of
congestion charges

It is important to acknowledge that there is a natural te nsion between equity and efficiency.

Theoretically, a Pareto-efficient outcome (i.e., a situation where it is impossible to make someone

better off without making someone else worse off) can be deemed inequitable in its division of

social welfare (there may be winners and losers, and there is no guaantee that every market

playerisal | ocated the same ama@Cmnhgingthe didtsbation chdocialve | f ar e
welfare (i.e., moving around the rent transfers) may require reallocation (or willingly incu rring

some Ol eakaged as bptianrptocessf™ t he redi stri

The two original purposes for the creation of FTRs are examples of a situation involving an

equity -efficiency tradeoff. Some mar ket participants raised concer
congestion charges in the existing FTR auctiondesign. This then impacts the congestion charges

collected by PJM and returned to load (Purpose #1). From an equity perspective, this can be a

concern. However, if we take a holistic approach and consider the long-term efficiency in

assessingthe FTRdesig, t h e s e avelnat strictly gneesodomic lossbut rather are view ed

as costs for supporting hedging opportunities in the forward market, as discussed in Sectiorb.

5.2 Supporting criteria
The supporting criteria - transparency and simplicity - facilitate equity and acceptance of fair
distribution of the congestion payments to load. Further, these criteria can support competition

and reduce administrative burden and transaction costs.

Transparency promotes equitable outcomes, as it allows stakeholders/market participants to
recognize if there are equity challenges in the outcomes. The availability of relevant information

73 For example, an efficient market outcome may involve a situation where suppliers in the aggregate capture a large
profit (also known as a producer surplu s), while the surplus received by consumers is relatively small
(because t he di fference bet ween consumer 0s willingness
small). Government interventio n in this market could require a transfer of rents (surpluses) fr om the suppliers
to consumers, but such a transfer would not improve the efficient market outcome. And in fact, such a transfer
may inhibit continuation of an efficient outcome i n the longer run, by changing incentives for sellers and
consumers.Under positive economics, the focus fallsonthefactb a s ed a s s e s s meddorexample,0 what i s
efficiency and the size of the surpluses. In contrast, normative economics recognizes the presence ofialue
judgements, such as fairnessAs such, maximization of social welfare is the heart of positive economics, while
allocation of social welfare is a focus of normative economics. Despite the fundamental differences, positive
and normative economics are intertwined. In particular, positive views about how the world wo rks affect
normative views about what policies may be desirable.

740kun, Arthur M. oOEquality and Efficiency: The Big Tradeoff, 6 The Brookings Institution, Washington D.C. Revised
Edition. 2015.p. 4.
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supporting al/l mar ket par ti c iofptreprodud is essedtialfosad andi ng
well -functioning market. Also, market participants need timely access to the information to make

informed decisions. It has been long recognized that information asymmetries are a major

obstacle in markets’5In this way, t ransparency can also support efficient outcomes, as it implies

t hat al | parties can 6seed the same i nformati on,
asymmetries that can impede competition and efficient outcomes. If the same information is

available and understandable to all market partici pants in the FTR market, it will create a level

playing field and reduce perceived risks, 76 which should yield more aggressive competi tion and

maximize FTR auction revenues. Simplicity advances the goals of efficency by reducing
administrative burden and t ransaction costs, which can serve as a barrier to efficient outcomes

(however, over-simplification is also a potential problem and ca n work against both equity and

efficiency objectives). Data should be organized and digestible. Simpler theories should be

preferred to more complex ones, as long as it does not compromise the market's functionality.

Simplicity is often associated with feasibility, and that encourages public acceptance of

outcomes.’?

5.3 Turning abstract criteria into quantifiable metrics

LEI acknowledges that the four selected criteria are theoretical, reflecting principle srather than a

concrete metric. However, it is possible to describe and elucidate these criteria, so they become

grounded in the factual charact er i sti cs t hat r ETR rmechanisms. LEIJ M3 s A
developed a series of questions related to the ARR/FTR constructto describe how the criteria

should be implemented in the analysis & these questions provide a bridge to the analyses that we

perform in Section®6.

Equity: Are firm transmission service customers getting priority rights to the
transmission network they pay for through regulated rates?

V In the short-term, does load (and other firm transmission rights cus tomers) have
an opportunity to have sufficient congestion charges returned to them by
nominating ARRs to cover the congestion charges paid?

V Do all LSEs have the same opportunity to have sufficient congestion charges
returned? In other words, are congestion charges returned fairly among LSEs?

V Is the dual system of rights d ARRs and FTRsd producing effective o utcomes for
load and other firm transmission service customers?

75 Information asymmetry refers to the situation in whi ch different agents in an economic transaction might have
different amounts of information. It is considered a type of market failures as it often prevents market
equilibria to be Pareto opti mal.

76 Perceived risks include phenomena liket he wi nneThe wiunm rseis fiessituatiornrin which a winning
bid pays more than the true value of an item. This concept was first discussed in Capen, E. C., R. V. Clapp,
and W. M. Campbell, "Competitive Bidding in High -Risk Situations." Journal of Petroleum Tkoology23 June
1971). pp. 641-653.

77Bonbright, James C. OPrinciples of PuH¥Lm29Util ity Rates. o6 C
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V Does the presence of nonload entities participating in the FTRauctions distort the
fair allocation of congestion charges to load and other firm transmission service
customers? Are the FTR piofits for non-load entities commensurate with
associated risksthey are taking?

Efficiency: Are the FTR auctions efficient and supporting bilatera | (forwa rd)
markets and encouraging investme nts that benefit load and other firm transmission
service customers?

V Are the FTR auctions efficient? Are there any market failures that may undermine
the efficiency of FTR auction outcomes?

V Is the FTR auction informing expectations about future transmission system
congestion?

V Is the design construct of FTRs aligned with bilateral markets? Are there bilateral
energy market transactions that follow the point -to-point construct of FTRs and
sink into a node?

V Is there evidence of price discovery activities orig inating out of the FTR auctions
and affecting the forward markets?

V In the longer-term, are ARRs and FTRs signaling, contributing, or otherwise
supporting transmission and generation investment?

Transparency: Are the ARR and FTR processes transparent and the results publicly
available in a timely manner ? Are market participants confident that the ARR
process and the FTR auctions are conducted in an unbiased and competitive
fashion?

V Is the information about ARR allocation available to all market participa nts?
V s the information released at the same timeto all LSES?
V Are the information and data related to FTR auctions releasedin a timely manner?

Simplicity: Are the consequences/risks of operating in the ARR process well
understood , and is acquiring FT Rs relatively easy for market participants? Are there
uncertainties in the process due to the complexity of the ARR/FTR mechanism?

V Isthe information and data related to the FTR auctions released in a format that is
eas/ to understand?

V  How com plicated are the rules for ARR allocation process and the FTR auctions?

V Are any aspects of the ARR/FTR mechanism unclear?

V Are there assumptions that are not accessible to market participants? Do these
assumptions drive outcomes?

V Do the complexity of the rules and/or i nstitutions provide a competitive
advantage to one sub-set of potential participants?
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6 Evaluating the existing ARR/FTR construct (Task 3)

Key takeaways

Based on LEIOGs extensive quahi MéistihgiARRFTR n
mechanisms are working reasonably well, especially after recent enhancements.

The current path-based construct also continues to be relevant in he present day given
the significant amount of load that is contracting bilaterally or self -supplying.

The dual system of property rights (enco mpassing ARRs and FTRs) create value for load
and should be preserved. ARRs provide flexibility to load and the payouts to load from
holding ARRs are satisfactory (factoring in the impacts of anomalous weather events).

Overall, FTR auctions are generally efficient and should be retained with minimal
changes. Nonload entities also have been taking more high-risk/h igh-return
opportunities in the FTR market, but at the same time providing liquidity to the market.

Their participation in t he FTR auctions resuts in benefits such as reducing long-run

energy costs as well as lowering transaction costs for hedging and coriracting bilaterally.

ARR allocation process may result in equity issues between LSEs and should be
reformed. Focus on the ARR allocation process is also consistent with concerns raised by
stakeholders during the FGDs.

The existing design produces short-term and long -term benefits for load in PIJM. With
respect to Purpose #1, on average, over 80%of congestion chargescollected annually in
the day-ahead energy market have been returned to load over the years Recent
enhancements to market rules have further increased the amount of congestion charges
that are returned to load. With respect to Purpose #2, the illustrative long-term benefits
achieved through various forward market mechanisms amount to as much as 4,207
million a year. Even at the low -end estimate of the long-term benefits ($523 million), long
term benefits are likely to exceed the perceived costs (e.g.,tk 0| e a k a g evhigh
has averaged $223 million a year in the last six years.

LEI began Task 3 by researching and collecting data from PJM and the IMM on the specific
outcomes in recent years wnde r PIJMds ARR pr oc e slsEl aso tlkedr WitR
stakeholders to obtain their opinion on the current ARR/FTR mechanisms' advantages and
disadvantages. As part of this stakeholder engagement, LEIl recéved input on proposed
modifications to the market design to mitigate perceived deficiencies and enhance thereported
strengths. LEI also talked to the IMM and PJM staff and gathered data relating to the operations
of the ARR process and FTR auctionsand suggestions for potential changes. Finally, LEI
conducted an independent analysis of the existing ARR/FTR mechanism's functionality in

relation to the two purposes.
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6.1 What are the stakehol dersdé viewpoints

LEI engaged with 37 stakeholders?8 representing LSES, transmisgon utilities, generation owners,
power marketers, financial traders, and different classes of consumers through four three-hour
FGD sessions, a 5ajuestion follow up survey, and additional one -on-one telephonic intervie ws.”®
From these stakeholder engagements, LEI observed that many ARR patrticipants and FTR auction
participants were generally satisfied with the current ARR/FTR design and would prefer to have
incremental improvements and enhancements rather than a complete overhaul of the ARR/FTR
market design. Appendix D (Section12) provides a more detailed description of the results of the
FGDs and the survey questionnaire.

6.1.1 Views onthe ARR process

On the ARR allocation process, LSEs vere genegally satisfied with Stage 1A of the ARR
allocations. Furthermore, they were appreciative of the recent changes made by PJM to prevent
underfunding. Nevertheless, several stakeholders raised specific concerns on the ARR allocation
process, including insufficient ARR allocation, quantity, fre quency, and the limited granularity
of the ARR products. Some also stated that the current ARR mechanism does not enable
customers to access the resource paths neded to hedge the congestion risk relative to their
contracted resource portfolios, especially new generation. Due to these concerns several LSEs
and representatives of LSEs voiced a strong interest in seking improvements in the ARR
allocation process. Sane enhancements that were suggestedincluded: more frequent ARR
allocations and nomination periods, flexibility with self -scheduling ARRs, and more granular
ARR products aligned better with the range of FTR products currently available.

The follow -up surv ey further expanded on the participants dinterest in ARR improvements in a
guantitative manner. As shown in Figure 18, there was a near50-50 split in terms of interest in

more granular (time of use) ARRs.l n contrast, most of the survey?os:s

monthly ARR allocation process, as shown in Figure 19. The respondents who were not interested
in increasing ARR granularity and allocation frequency were concerned that such changes to
ARRs would dilute the value of the allocated ARRs.

78 This number excludes interviews with IMM, Nodal Exchange, and ICE.

79 |n late August 2020, PJM solicited feedback fran all of its mark et participants and members and opened invitation
to over 1000 members of the ARR FTR Market Task Force and Market Implematation Committee to
participate in LEI®ds focus group discussions

52
London Economics International LLC
717 Atlantic Avenue, Suite 1A
Boston, MA 02111
www.londoneconomics.com

on

t



Figure 18. Interest in ARR differentiated by calendar periods, such as on -peak, off-peak,
weekend, 7x24
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Source: FGD Questionnaire Survey, Question 17

Figure 19. Interest in the monthly allocati on of AR R entitlements
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Source: FGD Questionnaire Survey, Question 16

6.1.2 Views on the FTR auctions

With respect to the FTR auction design, most LSEs and otherentities trading FTRs were in favor
of the current portfolio of available FTR products, and they felt that the frequency of the FTR
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auctions was sufficient (as shown in Figure 20). The majority of stakeholders agreed that the FTR
market provides sufficient price discovery for the forward market and presented PJM spot market
participants (including load) with adequate hedging opportunities for bilateral transactions.
When asked about FTR auctions' competitive nature, there was consensus that the auction
outcomes were competitive because of the transparency of outcomes (and therebre profits and
losses of every FTR bought).However, one LSE participant remarked o n t |énkaged of FTR
profits to non -load entities. Non-LSEs {.e., financial participants) expressed complete satisfaction
with the current FTR market and felt their comm ercial objectives were being met. They advocated
for no major changes8°

Figure 20. Stakeholder views on the FTR auction, sufficiency vs. satisfaction
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Source: FGD Questionnaire Survey, Questiors 42 and 43.

LSEs and other stakeholders acquiring FTRs for hedging also suggested that the FTR products
could evolve to better meet the needs of intermittent energy sources, which operate in periods
that may not align with traditional peak and off -peak designations. Furthermore, both non -LSEs
and LSEs suggested that FTR products could be further enhancedthrough greater granularity

80 Although the financial participants advocated f or no major changes, a handful of participants d LSEs and financial
participants - stated that they would like to see relaxation of the current FTR forfeiture rule (which they assert
is overly punitive and not parsimonious) and the reforms to credit policies As noted earlier, this report does
not touch upon credit policies, as those are being addressed through a separate Task Force.
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(off-peak weekday and off-peak weekend) and a reservation price system on FTR auctions or
other corrective actions (so that FTRs would not be sold at excessively bw prices). These
recommended enhancements focused primarily on Purpose #1. The follow-up survey also
expanded on t he pathéeFTR auptiamanhdipsoduct mprevengests. i n

Finally, some participants mentioned that transparency should be impro ved. Mor e specifically,
they said that changes to the network model should be published (and explained). There were
also practical concerns raised about software compatibility issues (for uploading ARR
nominations and FTR path requests) and timing of award notification (ARR awards and FTR
auction results). LEI assessed opportunities for improvement on these issues with PJM and
independently, based on comparative review of procedures in place at other US RTOs/ISOs.

In summary, market participants do not wan t an overhaul of the ARR/FTR construct and prefer
incremental enhancements in the ARR allocation process additional flexibility with self -
scheduling, and better alignment of ARR and FTR products.

6.2 Is load getting a return of con gestion charges collected as a result of the LMP -
based spot market?

As described in Section 3, the LMP system, combined with the uniform clearing co ncept adopted

in PJMO6s energy market, results i n acoledefrtomt i on wt
load exceeds the sum of LMP payments made to generation. This excesamount of congestion

charges should be refunded to load in recognition of the fact that load already pays for

transmission service through regulated rates. On an aggregatebasis, over the last nine years,on

average over 80% of congestion payments have beerreturned annually to load.8! The year-by-

year outcomes are captured in Figure 21, where the total congestion charges collected by PJM

(blue bar) are compared to the total congestion charges reurned to load (yellow bar). The data

below the bar chart shows the ratio of these two variables. The year with the highest ratio was

2019/20 at 125%, and the year with the lowest ratio was 2013/14 at 45%.

81 LEI did not find any direct evidence that FERC anticipated or required that t he FTR (and ARR) mechanismwould
return exadly 100% of the aanual congestion chargescollected in a given year to load.
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Figure 21. Total congestion payments collected by PJM versus congestion charges returned to
load

$2.000 20112020
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Note: Total congestion collected by PJM includes both day-ahead congestion as well as balancing congestion, while the
congestion chargesreturned to load include ARR credits, FTR credits (from self-scheduled ARR paths), balancing and
mark-to-market charges (starting 2017/18), and surplus allocation (starting 2018/19).0 Pay out t o repr&eénss
congestion charges returned to load as apercentage of total congestion collected byPJM.

Source: LEI analysis of ARR and FTR data provided by PIM

There are severalreasons why this ratio is not exactly 100% -- all of which relate to the decision
to use a path-based dual system of rights (A RRsand FTRs) where the trading of FTRsinforms
the value of ARRs:

1. Forecast errors during FTR auction. Over the nine planning years shown in Figure 21
above, ARR credits have representedan average of 70% of the total congestion charges
returned to load. ARR credits depend on FTR auction prices, while the congestion
payment collected by PIM is based on actual CLMP during spot market operations (day-
ahead CLMP and balancing congestion). Since FTR auctions happen befoe spot market
operations, there are naturally forecast errors between predicted congestion (in the FTR
auction) and congestion chargesfinally collected by PIM(in the spot market). This is most
noticeable in years with anomalous weather, resulting in a situation where actual
congestion charges are materially higher than what would usually be expected. Such
weather-driven events occurred in 2013/14 (Polar Vortex), 2014/15 (record winter peak
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load), and 2017/18 (Bomb Cyclone)82 In those years, the ratio was low because market
participants did not fully anticipate the amount of congestion charges during the annual
FTR auctions. In contrast, in the most recent planning year for which we have data
(2019/20), realized congestion charges have been lower than whatwas predicted in the
FTR auction, which could also drive the ratio to be over 100%. The forecast error inherent
in such an outcome is related to the impact of the COVID-19 pandemic on demand (lower
demand led to lower congestion in the day -ahead energy market).83 |f anomalous weather
years of 2013/14, 2014/15, and 2017/18 are excluded, the total congestion charges
returned to load would be 98% of congestion charges collected by PIM.

Difference between modeled network capability during FTR auction and spot market
operations. The quantity of ARR allocated to load depends on the network model used
by PIJM. The ARR may be higher or lower than the actual network transmission capacity
during day -ahead and reaktime operations. FTR target allocation is calculated based on
allocated MW times the difference between sink and source CLMP, while congestion
charges collected by PJMare based on the actual flow of MW across a constraint
multiplied by the difference between sink and source CLMP. Therefore, when actual flows
on the transmission system differ from the projected flows in the SFT employed to solve
the FTR auction, the total congestion charges collected by PJM may be greater (or less)
than the FTR target allocation. If there is excess network capacity during spot market
operations, this will result in surplus congestion. Before the 2018/19 planning period,
surplus congestion was allocated to FTR holders. After 2018/19, the surplus congestion is
allocated to ARR holders based on the positive ARR target allocation value.

Non-load FTR market participants may earn a profit on their FTR positions, reducing
the amount of congestion cha rges that would be returned to load. FTR auction outcomes
drive the value of ARRs for those entities that decided to hold onto their ARR paths. These
LSEs are indicating a preference for the certainty ofknowing their ARR target allocations
in advance of the spot market. The FTR holders that are buying FTRs are taking on the
risk of uncertain congestion charges and therefore taking on the risk that the LSEs are
shedding. The FTR product is essentially swapping fixed for variable and th us inherently
risky , meaning FTR holders will want to be compensated for that risk. The profits earned
by non-load entities in the FTR auction are remuneration on the risk 8 in many ways,
similar to an insurance premium. This net profit earned by non -load FTRs holders is what
some stakehol der s rbechuserit istnot remurmed ¢olload (which avé
discuss further in Section 6.9 below).

82

PJ M. OWinter operations r e v i tps:/gm.comA p-fmiedia/committegs -

groups/committees/oc/2020/20200416/20200416 -item-08-winter -operations-review.ashx>

8 PJ M. ecemtRCOVID-19 Load Impact s . O Oc t o b enttps:/MEww.pjn2.ddrd/0 -/media/com mittees-

groups/committees/pc/2020/20201006/20201006 -item-07arecent-covid -19-impacts.ashx>
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An additional design element in the current ARR/FTR mechanism exacerbates the
difference between payment to load versus congestion charges collected by PIJMThere
are FTR paths that market participants can purchase in the FTR auction which are not

available for load to nominate in the ARR allocation process. For example, FTR market
participants can purchase an FTR pathwhere both the source and sink node is a generator
bus (also known as 0 g etorg e rpéths).84 Some LSEs purchase select geto-gen paths in

the FTR auction, but the majority of gen-to-gen paths are purchased by nonload entities.

Any net profits earned on these gen-to-gen FTR pathsby non-load, and for that matter,

other paths that are sold to non-load in FTR auction but not permitt ed for ARR allocation,

contribute to leakage.

Overall, recent changes in market rules have improved the amount of payout to load on the
aggregate level as it has allowed PJMto prioritize load as the recipient of any residual funds .
However, given that there have been only two complete planning years since the surplus
allocation rule change and the 2019/20 planning year experienced below normal congestion, it is
difficult to discern a long-run average in the ratio .85 Nevertheless, load has received back on
average a majority of the congestion charges collectedin the LMP-based spot market.

6.3 Are there any issues with the return of congestion charges to load?

The dlocation of returned congestion charges between different LSEs may be inequitable based
on observations of zonal differences in the quantity of ARRs allocated and offset received by LSEs.
According to the Coase theorem 86 the initial allocation of property rights should not matter if the
recipients of those rights can trade with minimum transa ction costs. However, with respect to the
PJM ARR/FTR mechanism, there are limitations on those property rights. S ome property rights
that are subject to allocation (such as the ARRS) are not tradable Rather, LSEs have theoption to
convert their ARRs to FTRs which then become tradable.In addition, some portion of the value
of ARRs is not traded in the conversion to FTRsbecausethe surplus congestion allocation remains
a function of the initial ARR target allocation. Moreover, the surplus allocation ha s represented a
material share of the total amount paid to load. This observation raises concerns that there may
be inequity issuesamong LSEs

840ne exception is that the path is clearing at zero price. According to the PJM Operaing Agreement Schedule 1 Section
7.3.0Financial Transmission Rights with a zero-clearing price will only be awarded if there is a minimum of
one binding constraint in the auction period for which the Financial Transmission Rights path sensitivity is
non-zero.o

85 |t should also be noted that in the last two years, PIJM has not facedas extreme weather (e.g., 2013/14, 2014/15,
2017/18), and COVID-19 has lowered electric load and consequently network congestion. Therefore, just
using two years of observations is not conclusive.

86 See footnote 52.
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6.31 Determining oOequitabljuwgmedtl ocati ond requires

It should be noted that the definition and determination of an 0 e gabbl e al | oequirdsi o n O
judgement. The use of a historical gento-load path allocation was a reasonable judgment call in

the 1990s at the time of deregulation, given that utilities typically built generation i n their local

service territories, and therefore thegen-to-load ARRpathswoul d provide a operfec
LSEs using local generation to serve local load. However, continued ARR allocation using

historical paths may no longer provide the same opportun ity to LSEs as it did over 20years aga

For example, over 1.5 GW of wind generation came online since 2017 with executed bilateral

agreements (PPASs)8” These supply contracts would not be part of the historical gen to load paths

that load is entitled in t he ARR allocation. In Section 6.6, we provide further d etails about the

mismatch in the current ARR allocation process between ARR paths and actual erergy flow.

In examining alternative allocation mechanisms for ARRs, there may ultimately be winners an d
losersbecause LSEs would be comparing proposed allocation schemes relative to the outcomes
under the existing scheme. Therefore, it will be essential to determine upfront how to
systematically evaluate equity from a societal perspective rather than the narrow perspective of
a given LSE.PJM and stakeholdersneed to agree on allocation principle sthen, with this definition
in place, PJM can measure therelative level of equity improvement created by changing an
allocation rule across all LSEs. For exampé, use d a mean-squared-error test to compare different
allocation outcomes to a certain benchmark (based on the principles mentio ned above, e.g., the
0i deal alssl ocati ond)

Figure 22 presents an illustrative example of how the relative level of equity of two allocation

methods can be comparedusing the mean-squared-error approach. First, we will needan 0i de all
al | ocat i onadbenthmarku Bhis coald be the reference allocation using an alternative
allocation scheme. Then, we cdculate the square of the difference between the actual (currer)
allocation and the ideal allocation for each LSE and average this squared error. If the mean
squared-error of one allocation method is higher than the other, we can deem the method with

the higher mean-squared-error to be less equitable.

8%LEI s research involved | ooking at news related to the proj
reports. For projects that did not disclose publicly their financing t erms, LEI reachedouttot he companyds
communications and investor rel ations teams to request this information.

88 One reason to use meanrsquare error is that it gives a bigger weight to differences that are large. For example, if one
LSE is very unfairly treated (e.g., getting no congestion charges back while they should be ideally getting a
material amount back), the mean-square error approach will give this unfair treatment a larger weight as
compared to a large number of LSEs having a slight deviation of congestion charges returned against the ideal
allocation.
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Figure 22 lllustration of using amean-squared-error metric to measure equity

Ideal Error Error
allocation  Allocation A squared Allocation B squared
LSE A 100 80 400 95 25
LSE B 50 60 100 70 400
LSEC 20 30 100 5 225
Average 57 57 200 57 217
6.3.2 The current ARR allocation method may have resulted in inequitable allocation among
LSEs
Even though whati s an oOequitable all ocat iuenbundingyhe be a s

analysis in principles and asking methodic questions about whether the principles have been met
can lend objectivity to the evaluation of equity. For example:

1 Has each transmission zone (as proxy for inter -LSE allocation) obtained sufficient ARRs
to cover their baseload congestion risk exposure?

1 How much do congestion chargesreturned to load on a zonal basis depend on the ARR
pathdéds | evel of ¢ osmmade by the load @ontbld ARRcor t© isedfn
schedule)? Theanswer depends on how much of the congestion chargesreturn ed to load
is oO0socializeddé6 through surplus allocation.

Figure 23. Allocated ARR MW vs. baseload, by zone (2017/18 and 2018/19)
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Source: LEI analysis based on data provided by PIM staff.
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LEl analyzed the system capacity cleared in the ARR allocation process$ grouped by
transmission zones, and compared the quantity of ARRs against baseload demand in each zone.
In the planning periods 2017/18 and 2018/19, four zones did not have sufficient ARR MWs
allocated to cover their baseload, as presented inFigure 23. Since Stage 1A of the ARR allocation
process guarantees LSEs to obtain enough ARRs to cover their@anal baseload,? under-allocation
of ARRs relative to baseload should not have happened. There are two possible reasons why
some LSEs did not receive sufficient ARR allocation relative to their baseload:

1. The load zone does not have generation resources, reglting in LSEs in the zone having
no available ARR paths to nominate during Stage 1A and 1B of the allocation process. This
is the issue faced byall the LSEs in the RECO zone;

2. Since the ARR allocation process requires LSEs to submit a nomination requesté PM
actively, insufficient ARR allocation may also result from LSE inaction or an active
decision not to accept an ARRpath t ha't was allocated initially
expectations about the potential negative value of the ARR obligation.

In both cases the choice of ARR paths, under the historical generator to load paradigm, is a
limiting factor. This is particularly concerning because, under the current settlement rules,
surplus allocation to load is based on the pro-rata positive ARR target allocation, regardless of
whether the LSE has selfscheduled its ARRs into FTRs.If an LSE is not given an adequate
opportunity to nominate ARRs (because there are no eligible paths or the expected value of the
ARR path obligation is negative), it will not be e ligi ble to receive any surplus allocation from PJM.
The inequity is further magnified by the fact that surplus allocation has been a material share of
congestion returned to load in the past two planning periods, as further discussed below.

The situation around surplus allocation results in a condition where the entire set of proper ty
rights associated with ARRs is not effectively assigned to load. LSEs can only buy or sell the
portion of the ARR property right associated with DA congestion charges by (1) h olding the ARR,
which effectively means getting a fixed payment for variable DA conge stion charges or (2) self
scheduling to convert to an FTR and then selling the FTR in subsequent auction rounds. There is
no way for an LSE to buy or sell the surplus all ocation component that comes with ARRSs. In other
words, the initial ARR allocation im pacts how much payout load would receive , and such
allocation cannot be fully traded between market participants. This implies the conditions
required for Coase Theorem to hold are not fulfilled.

Further more, based total cohgedtidn charges aetuyexlitoseacbh fone, a
principles -based relationship is lacking in the zonal distribution. Congestion charges returned to

89 ARR cleared MW is the total ARR nominated and awarded after the SFT. See Appendix C (Section11.]) for the
discussion on the ARR allocation process.

9 Defined as othe lowest daily zo nal peak load from the twelve months period ending October 21 of the calendar year
immediately preceding the calendar year in which an annual Auction Revenue Right allocation is conducted,
increased by the projected load growth rate for th e relevant Zone. 8ource PJM Manual 06 Section 4.2.

61
London Economics International LLC
717 Atlantic Avenue, Suite 1A
Boston, MA 02111
www.londoneconomics.com



load do not appear to be proportional to the total energy consumed in each zone, the total
transmission revenue requirement collected from end -users in each zone,nor the average LMP
in each zone, as presented in Figure 24. Such an observation raises questions around
equitableness. In the figure, each circle represents a transmission zone. The saxis represents the
congestion charges returned to load. The y-axis represents the transmission revenue requirement
paid by each zone. The size of the circle is proportional to the baseload MW of each zone. Finally,
the circle's color represents the 2018 and 2019 average LMP of the zone, with the greener circles
having a lower LMP and the redder circle having a higher LMP. To evaluate the equity of the
distribution of congestion ch arges returned between LSEs, we evaluated the figure for patterns:

1 if the congestion charges returned were proportional to the transmission revenue
requirement paid in each zone, the circles should line up linearly dthey do not;

1 if the congestion chargesreturned were related to the demand in the zone, then the circles
would be arranged in order from smallest to largest & they do not follow this pattern; and

9 finally, the redder the color of a circle, the higher the 2018 and 2019 annual average LMP
recorded for the zone.If the color pattern of the circles followed a green-yellow -red oheat

mapé alignment, then the congestion charges

but this is not the casehere.

Figure 24. Congestion retu rned to load versus transmission revenue requirement paid, baseload
MW, and average LMP (2018/19)
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transmission zone.

Source: LEI analysisof data provided by PIM.
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According to PJM, the surplus congestion should be returned to load because when OFTRs are

over-funded at the end of the Planning Period, returning value back to ARR holders equal to the

surplus will mitigate against the fact that the ARRswereunder-al | ocated in the firs
Under this rationale, t here is no inherent reason why surplus should be returned to ARR holders

entirely based on the pro-rata of just positive ARR target allocations. Given PJM allocates ARR to

load isbecasseo of t heir payment of the embedthmaghforost of t
transmission rates ¢°2 (emphasis by LEI), alternative allocation factors may be more appropriate.

Figure 25. Surplus allocation as a percentage of congestion payment to load (2018/19 and 2019/20
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Source: LEI analysis based on data provided by PIM staff

Since the change of market rule to allocate surplus to load (instead of to FTR holders), the surplus
has become a nontrivial share of congestion payments returned to load. Surplus congestion has
averaged 18% and 21% of total congestion charges paid to loadn 2018/19 and 2019/20 planning

periods, respectively. As presented in Figure 25, surplus congestion as a percentage of total

APJ M. ORe. PJM Interconnection L.L.C., Proposed Modificati on:
of Surplus Day-ahead Energy Market Transmission Congestion Charges to Auction Revenue RghtsHo | der s 6
Docket No. ER181245000 March 30, 2018, P. 5.

<https://www.pjm.com/directory/etariff/FercDockets/3563/20180330 -erl81245000.pdf>

2P J M. tnteérdoMnection L.L.C., Proposed Modifications to the Operating Agreement and Tariff re: Allocation of
Surplus Day-ahead Energy Market Transmission Congestion Charges to Auction Revenue Rights Holders,
Docket No. ER1812450 0 0 6 Mar ch 30, 20
<https://www.pjm.com/directory/etariff/FercDockets/3563/20180330 -er18-1245000.pdf>
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congestion payments has exceeded 50% in some zone® In other instances, the zonereceived a
net negative congestion payment (mostly due to balancing congestion and mark-to-market
charges being negative), butits positive ARR target allocation resulted in surplus allocation being

in the opposite direction to the total congestion paymentsto load (this occurred for JCPL and PPL
zones).

6.4 What are the advantages and disadvantages of the path-based construct
underpinning FTRs (and ARRs )?

Like all other USRTOYISOswi t h an FTR mechani s m, PIJMO6s ARR/ FTR
based (or point-to-point) construct where each product traded has a source and sink node. Thee

are both advantages and disadvantagesto the path-based construct assummarized in the figure

below.

Figure 26. Advantages and disadvantages of the path -based construct

v Allows the pricing of other financial
products based on the CLMP
expectations

v Provides a better match to bilateral
contracting

v Needs to develop a network model
that relies on technical inputs and
assumptions

v Potential risk of limiting the total
FTRs made available because of
conservative approach or risk of
inadequate funding for FTR due to
aggressive approach

Advantages

The sale of path-based products results in CLMP expectations at each node with an FTR
transaction, which allows the pricing of other financial products based on these locationally -

specific expectations. In 2019/20 annual FTR auction, 1,892 unique nodes have been traded, of
which 1,654 generator buseswere used as a sink point in an FTR trade® The sale of FTRsacross

93 This could happen when balancing congestion is very negative, thus reducing the congestion charges o load
significantly.

%“Based on LEI 6s analysis of pricing node definition provided
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all possble node combinations, subject to constraint impact tests, ensures a very granular
representation of future congestion. If PJM were to restrict FTR paths to those having asink node
with a non-generator bus, the transparency (and granularity) of t he price inf ormation provided
by FTR auctions would be reduced by over 87%.

Figure 27. How load is supplied in the day -ahead market in PIM
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Source: PIM. Financial Transmission Rights Market Review. P. 3.

A point -to-point construct al soallow s a better match to bilateral contracting when delivered from

a specific node or delivered to a specific node. Price signals at the generator bus are important
because bilateral transactions follow a point-to-point construct as well. We know that over 75%
of the load in PJM is being supplied by bilateral contracts or self-supply, as presented in Figure
27. Also, the value of bilaterally -negotiated energy contracts delivering to a specificnode in PIJM
totaled $15 billion per year from 2015 to 2019 based otransaction data reportedto FE R C 0 s
database, or over 35% of all transactions delivered in PIM. In 2018 and 2019, this value has
increased to over $25 billion per year, or over 50% of transaction values, as presented irFigure
28. Therefore, market participants' ability to have more transparency about what level of
congestion risk a generator or node would face has significant value to market participants .

One additional advantage of a path-basedapproach is the ability to grant IARRSs to transmission
developers that can precisely match the source and sink point of the transmission projects

developed.
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Figure 28. Energy transactions delivered into a specific PJIM node repor ted to FERC EQR
database
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Disadvantages

The disadvantage of a path-based construct is thatit requires a network model to estimate the
simultaneous feasibility of multiple paths to avoid over -selling network capacity and under-
funding FTRs. Network modeling is needed because the same network constraint could impact
FTR paths with different source and sink points, and over -selling FTR paths that are bound by
the same constraint would mean PJM would not collect sufficient congestion charges from the
day-ahead energy market to pay all the relevant FTR holders. Therefore, with the path -based
construct, PJM conducts network modeling (and specifically SFTS) during the ARR allocation

process and FTR auctions to prevent ower-selling its network capacity.

A network model willrequir e i nputs and assumptions and will be
system used realized transmission system use in the day-ahead energy market might differ. In

choosing assumptions for the network model, PIJM faces a choice between (a) being conservative

and limiting how many FTRs can be cleared in an auction (and this approach would limit the

total revenues collected from FTR auctions and paid out to ARRs, as well as result in having more

surplus congestion to allocate), or (b) being aggressive and maximizing the quantity of FTRs

cleared in the auction, but then creating a risk of inadequate funding of FTRs (which would be

anticipated by FTR holders and reflected in their auction bids, negatively affecting the FTR

auction revenues and ARR holder payouts). PIJM has generally opted for the conservative

approach, and since the market rule change that shifted the allocation of surplus congestion to
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load, the potential problem of an FTR auction providing too lit tle revenue to load has mostly been
resolved. However, under this conservative approach, the amount of surplus congestion that has
to be allocated to load can be significant, and as discussed in Sectiorb.3above, this raises equity
issues betweenLSEs

The IMM also identified insolvency risk associated with a path-based FTR construct®s The IMM
believes that a path-based FTR designcould result in losses larger than what an FTR holder paid
for the FTR path.? Such a situaion creates an underfunding risk to all FTR path holders in case
a market participant defaults. 7 However, the underfunding of all FTR paths driv en by negatively
valued FTR paths only happens if the holder(s) of the negatively valued FTR paths default on
their obligation to pay. As such, LEI view s this specific disadvantage of a path-based construct as
a credit-related issue outside the scope of ths study. LEI understands that a separate PJM Task
Force is addressing this topic.

In summary, LEI believesthat the advantages of a point-to-point FTR construct (which is creating
a granular price signal for the forward markets and facilitating bilateral transactions) outweigh
the disadvantages of relying on an imperfect network model. Such disadvantages can be reduced
through improved network modeling, and more importantly , modifications to the ARR
mechanism to minimize surplus cong estion, which we discuss in Section 8.3 Therefore, LEI
recommends PJM to continue with the point -to-point FTR construct.

6.5 What are the advantages and disadvantages of a dual system of rights?

The current ARR/FTR mechanism is a system with a dual set of property rights. This means that
ARRs and FTRs are distinct rights. They are not perfect substitutes? and they may have different

% PJM I MM. 0ARR/ FTR Mar ket Design: A d d hnttpss/swwmjgr.conii s k . 0 Jun
/media/committees -groups/task -forces/frmstf/2019062 5/20190625item-06-imm -arr -ftr -market-design-
addressing-risk.ashx>

9% |n contrast, the IMM notes that its novel proposal would not result in any payments by the congestion right holder .

9%l n LEI 8ds view, the und e rislbgcauseg?IMlceanst assignsomgestionrchargds colextédson s
a path-by-path basis, but instead aggregates all congestion charges collected into one pool to fund FTR target
allocations. If this pool is insufficient to cover all FTR target allocations, PIM uses excess FR auction revenues
(i.e., leftover auction revenues after paying ARR target allocations) to make up the difference. If there is still
a deficit, FTR paths would be underfunded. I n such a ca
underfunding if any exists at the end of the planning period to create a PIM-wide uniform deficiency ratio
(uplift charges SeaPd M.cr @FiTtRs) Uaader fundi ng Review. 0 Oc
<https://www.pjm.com/ _ -/media/committees -groups/task -forces/frmstf/20191018/20191018 -item-03-ftr -
underfunding -review.ashx> If a market participant holds an FTR path that has a negative FTR target
allocation (there are multip le scenarios where this could happen, including buying counterflow trades) and it
defaults on its obligation, every FTR holder suffers from underfunding ris k from this default, and ARR
holders would have their potential surplus allo cation reduced.

98 This means an ARR can be converted into an FTR (and hence becomes a substitute to ARR), but an FTR cannot be
converted to an ARR and therefore this substitute is not bi-directional.
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valuations (even if they are for the same path) because of the relative difference in the ARR risk
profile versus the FTR risk profile. 9

To better understand this concept, one should first understand how ARRs are created and
obtained and the difference between ARRs and FTRs. ARRs are creatt through the ARR

allocation process, and ARRs are entitlements to load or firm transmission customers. The
method of allocating ARR involves load or firm transmission customers nominating from a pre -
selected set of ARR paths, based on a set of rules, sulgict to the SFT. Note that load does not
automatically own a defined set of ARRs. Instead, during each annual ARR allocation process,
load must nominate eligible ARR paths during the ARR allocation pr ocess.100

Once load is allocated an ARR path, this ARR pah gives the ARR holder the following
obligations, rights, and options:

1. The obligation to receive/pay FTR auction price times the MW of ARR allocation of FTRs
in the same path (i.e., ARR target allocation);

2. Theright to receive some allocation of surplus (if any exist) based on the pro-rata share of
the ARR target allocation & this is a right (not an obligation) as this is always a positive
value;1%land

3. The option to self-schedule the ARR path into an FTR path & the ARR holder will be a
price taker in the FTR auction, and although it acquires the same FTR path, it does not
have to pay anything for the FTR because it already owns the auction revenue of that ARR
path. Therefore, self-scheduling does not mean the ARR holder gave up the rights to (1)
and (2) above. It just means the ARR holder uses the proceeds from (1) to purchase the
FTR path while keeping the right s associated with (2).

In contrast, buying an FTR from the FTR auctions only provides the FTR hold er the obligation to
receive/pay the difference between the sink CLMP and source CLMP, multiplied by the MW
awarded for the FTR path. Note that the risk between receiving and paying the CLMP difference
is asymmetric. If FTRs areunderfunded, FTR holder s with net positive FTR target allocation will
receive less than their target allocation. However, FTR holders with a net negative FTR target
allocation will still be required to pay PJM the full target allocation amount to PIM.

99 There are other nuances in the actual settlement ofARRs vs. FTRs, sich as daily rebalancing of ARRs based on actual
load served while FTR MWs are a fixed quantity once purchased. However, those are details that are more
related to the implementation of the product design instead of fundamental design issue s. In this section, we
focus on the design elements of the two products.

100 For details on the current ARR/FTR mechanism, please refer to Appendix C (Section 11).

101]n case there is ARR target allocation underfunding, FTR holders funds the underf unding through an uplift charge.

68
London Economics International LLC
717 Atlantic Avenue, Suite 1A
Boston, MA 02111
www.londoneconomics.com



In summary, buying an FTR path from point A to point B has a different risk and return profile
than holding the same ARR path from point A to point B. ARR holders have more optionality
(i.e., can hold ARR or self-schedule); they have an additional revenue stream (surplus congestion
allocation); and, they have higher seniority in getting payments (FTR auction revenues are also
used tofirst fund the ARR target allocation, before funding the FTR target allocation).

One more significant distinction between ARRs and FTRs is thatnot all FTR paths are ARR paths,
but all ARR paths can become an FTR path. As we have already discussed, under the current
ARR allocation rule, load can only nominate ARR paths with a generator bus as a source node
and load as a sink nodein Stage 1A and 1B of the ARR allocation process102But such limitations
on biddable points do not exist in the FTR auctions. Therefore, the set of possible ARR paths is a
subset of possible FTR paths.

In summary, the advantages of this dual property right constru ct include:

9 recognition in the current settlement rules that gives load priority to congestion charges.
This is achieved by assigning the right to surplus congestion to ARR holders. However,
the load cannot buy or sell this surplus congestion allocation (so this will be a
disadvantage, as well). In addition, the existing settlement rules specify that left -over
congestion charges (if any), after ARR target allocation and FTR target allocation are fully
funded, woul d go to | oad, thus enhanci ndontedte
Purpose #1,

1 separating ARR and FTR provides PJM leeway in under -allocating ARRs or under-selling
FTRs As discussed in Section6.3.2 the path-based FTR construct requres PJM to estimate
the available network capacity to be allocated in the ARR allocation process and sold in
the FTR auctions in advance of knowing precisely how network capacity will be used in
the day-ahead energy market. Under-allocating ARRs / under -selling FTRs would reduce
congestion charges returned to load, while over -allocating ARRs/over -selling FTRs
would resultin ARR and/or FTR target allocation underfunding, which reduces the value
of FTRs and lowers the congestion charge returned to load. Having a dual property right
and granting surpl us allocation only to ARR holders but not FTR holders ensures in the
case of ARR underallocation (but where FTRs are fully funded ) that any excess FTR
auction revenue is returned to load, and the impact of under -allocating ARRs is mitigated
(but this does not resolve the equity issue of surplus allocation between LSES);

1 the ARR construct offers load a right of first refusal to a list of generator-to-load paths,
subjectto the historical choice set (in Stage 1)If load has access to generator to lad paths
that match its bilateral portfolio, this allows load to create a zero-cost perfect hedge
against congestion risk by self-scheduling the ARR; and

102|n Stage 2, zones are opened up as valid source points.
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91 finally, the ARR construct provide s load an opportunity to obtain a fixed revenue (or
payment in caseof negative value ARR target allocation) instead of an uncertain (variable)
congestion credit/charge . Historically, the risk of having a negative ly valued ARR is
much lower tha n the risk of having a negatively valued FTR for the same path.103

The main disadvantage of the dual property right system is, similar to the disadvantages of the
path-based construct above the requirement of a network model to allow ex -ante trading of FTRs
which will always resultin (some)under- or over-allocation of system capacity. At the same time,
the initial allocation of ARRs using only historical gen -to-load paths has resulted in a lot more
possible FTR paths in an FTR auction as compared toARR paths. This means the difference
between the amount of network capacity allocated (to ARR holders) versus sold (in FTR auctions)
is significant104and that there are more FTR auction revenues thanthere is ARR target allocation,
which further implies su rplus is a common occurrence. Therefore, a deliberate and equitable
allocation mechanism for those surpluses is hecessaryo improve the existing approach based on
positive ARR target allocations.

In conclusion, the choice of a duakproperty right system versus a single-property right system
involves trade -offs:

1. a dual-property right syste m allows the load flexibility in how it chooses to recover
congestion chargesd it can set up the perfect hedge for bilateral contracts through self-
scheduling, or it can securitize the congestion charges in a fixed payment by holding the
ARR and receiving then the annual FTR auctions revenues; however, the paths that load
can choose for ARR allocation do not represent the full network capacity; and,

2. the dual system allows PJM to prioritize protecting rights of load over other market
participants through al location of surplus to load but creates potential equity issues when
allocating the surpluses between different LSEs.

Overall, the dual property right system helps PJM to achieve the two main purposes of the
ARR/FTR mechanism as a tradeoff because it can:(i) be dffset by allowing load to access other
ARR paths (further discussed in Section 8.3.3, and issues presented as tradeoff and (ii) be
mitigated with alternative allocation designs.

103 Details available in Appendix E (Section13).

104 This is further discussed in Appendix E (Section 13.5, where LEI examined the historical MW of ARR allocated as
compared to net MW of FTR auctioned, as well as dollars transacted in FTR auctions versus dollars of total
ARR target allocation. LEI recognizes that this is not a precise assessrant of network capacity allocated to
ARR holders versus FTR auctions, as FTR auctions includes counterflow trades and gerto-gen transaction at
nearby source and sink nodes that are not materially constrained by the actual network. However, alternative
metrics that can more accuately measure the percentage of network capacity allocated to load during the
ARR process are not readily available in an easyto-interpret format.
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6.6 What are the concerns with the initial A RR alloc ation?

As discussed in previous subsections, the initial ARR allocation does matter to the ARR/FTR
mechanism's overall effectiveness as some elements of ARRs are not tradable and wholly
contingent on the initial ARR allocation.

Figure 29. Congestion returned to load if all ARRs are self -scheduled (before surplus allocation)
or none of the ARRs self -scheduled
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Source: LEI analysis based on data provided by PIM

The current problemswith ARR allocation can be grouped into two categories. First, the amount

of ARR allocated to the load is not maximized. Figure 23 on page 60 demonstrates that the MW

of ARRs allocated may not cover the baseload MW in some zones.An alternative way to measure
whether the ARRs allocated to load are sufficient is by measuring how much load would have
beenreceived from FTR target allocationsif all ARR holders self-schedule their ARRs into FTRs
compared to the congestion chargesPIJMcollected.l f t he der-sevbhddfRtadet sel f
allocation is materially lower than the congestion charges PJM collected, then there is significant

network capacity PJM has not allocated through the ARR allocation process. Figure 29 presents

the congestion charges returned to load if all load self-scheduled all ARRs in the past six planning

periods (blue bars), and if no ARRs were self-scheduled (green bars)10506 The red bars in the

105 The comparison is using day-ahead congestion charges because the secheduled ARR paths payments are based
on the difference in DA CLMP between the source and sink nodes.

106 The reason surplusesare not included in the figure is because the purpose of this analysis is to understand how
much of the ARR allocation process under-allocated network capacity. Surplus allocation is an ex-post
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figure represent day ahead congestion charges PJM collected. The red bars are higher than the
blue bars, meaning that, on average, if all load self-scheduled their ARRs, they would have
received only 68% of the day-ahead congestion charges PJM collectecbn average over these
years.107

The second category of problems is that ARR paths available for load to nominate are not
representative of how the load is being served, as the ARR pathsare based on historical paths set
over 15 years ago (and some cases, much further back in time)To understand how much supply

and demand condition s have changed in PJM since its inception, we present two maps that
compare the geographical distribution of generation units in the current PJM service and

population (as a proxy of load) between 1997 and 202Q

A comparison of the 1997 and the 2020 maps showshat the location of generation units has
changed significantly over the past 20 years(Figure 30and Figure 31 on page 73). The number of
gasfired units has increased dramatically, and many wind units (located in western PJM
predominantly) have also come online. The location where the population is concentrated has
also shifted towards the north west (Chicago area) and northeast (New Jersey). The overall impact
of these geographical changes in demand and supply means historical source and sink nodes may
no longer represent actual power flows today and relying on such historical paths to allocate
ARRs results in a mismatch baween congestion charges returned to load versus congestion
charges load pays. In Section8.3, we provide recommendations on enhancing the ARR allocation
process to align ARRs better with the basic principles and original purpos es.

In conclusion, there are two issues with the initial ARR allocation: (i) amount of network capacity
allocated to load in the ARR allocation process not being maximized ; and (ii) relevance of ARR
paths available to load.

mechanism to allow for PIJM to reallocate excess funds collected sgcifically due to under -allocation.
Therefore, adding surplus back into the analysis would render the analysis meaningless.

107 For completeness,LEI also calculated the congestion charges returned to load if all ARR holders keep their ARRs
and did not self-schedule any ARR into FTRs, represented as the green bars ifrigure 29. Note that in years
with extreme weather, the blue bars are taller than the red bars, but this is not the case in normal weather
years. This indicates the value of selfscheduling is a hedge of high congestion charges during extreme
weather years.
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Figure 30. Map of generation units and population in PJM area (1997)
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Figure 31 Map of generation units and population in PJM area (2020)
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Source: Third-party commercially available database.

6.7 Are the FTR auctions efficient ?

A hallmark of an efficient auction is its ability to anticipate or predict the future value of the
product . The ability of FTR auctions to predict congestion is important because it impacts whether
other energy products, such as forward markets and bilateral contracts, can rely on price signals
produced from FTR auctions. If FTR auctions have good predictive power for nodal congestion,
then traders in forward markets and bilateral contracts ¢ an develop nodal price-based products
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and hedge their risk using FTRs, therefore increasing the liquidity and efficacy of the forward
market.

From t he rdpectval the ARRETR mechanism has many similarities with insurance
markets. If load decides to retain their allocated ARR, it effectively agrees to receive a fixed
payment and, in return , gives up a variable revenue stream (which could be negative). If load has
already entered into a fixed price bilateral contact with a generator, holding an ARR on the same
path would allow the load to loc k in the overall cost of supply. In contrast, if load owns a
generation unit, self-scheduling the ARRs into the annual FTR auction on the same gento-load
path would allow load to create a hedge against the congestion ri sk along that path.

Therefore, whether the FTR auctions have good predictive power of expected congestion affects
the cost of hedging for load (and generators). This ultimat ely impacts the cost of electricity supply
to end-users, which is explored further in Section6.13

To do this, we need to first assesghe efficiency of FTR auctions and their predictive power over
day-ahead congestion. LEIl conducted a nhumber of statistical analyses to test whether annud,
monthly, and long-term FTR auctions can predict day-ahead congestions. The details of the
results are presented in Appendix E (Section 13). The overall conclusion is that annual FTR
auctions do have the ability to predict day -ahead congsstion. In contrast, monthly FTR auctions
have better predictive power for prompt -month congestion than annual auctions, except in
months with extreme weather (generally in February) . For long-term auctions, the predictive
power decreases but is still statistically significant for most FTR products.

The argument that the FTR auction result influences forward markets is not a pure ly theoretical
hypothesis, and the relationship between FTR auctions and forward markets is not simple.
Although FTR auctions occur at concrete points in time, futures tradi ng is occurring daily.
Market participants can purchase and sell futures in addition to or in lieu of acquiring FTRs.
Thereis a variety of business uses for futures, in addition to hedging basis differences (congestion
risk). Moreover, the price discovery provided by FTR auctions is not strictly to predict precise
CLMPs, but rather to inform on general market sentiment regarding congest ion and expected
energy flows. To understand how PJM FTR market activities influen ce the forward market, LEI
worked wi th Nodal Exchange to examine trends in volumes of basis-related futures right after
PJM FTR auctionresult are published. The data indicates that volumes of futures traded on Nodal
Exchange increase significantly after each FTR auction.The results are summarized in Figure 32
The uptick in volumes indicates the presence of price discovery process and influence of FTR
auctions over futures activity in PIM.
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Figure 32 Increase in PIM futur es volume followi ng posting of the FTR auction results, 2017-
2020

Trading Year Following Annual Following LT Auction Following BOPP
Auction Auction
2017 141% 45% 29%
2018 83% 111% 9%
2019 79% 35% 53%
2020 240% 41% 90%

Source Analysis provided by Nodal Exchange.

Notes: Calculations are volumes over five days after the posting of the auction results and exclude volumes from
days following the annual New Jersey Statewide Basic Generation Service Electricity Supplyauctions.

LEI also tested whether the participation of hon-load entities in the FTR auctions improvesF T R 8 s

predictive power of day -ahead congestions. LEI relied on asimulated auction results provided

by PJM (as part of the PIMARR/FTR White Paper analysis, PJM recreated FTR auctio prices for
planning period 2017/18 if no financial participants (i.e., n on-load) traded FTRs). Comparison of
the statistical properties of the simulated and actual auction results at predicting day-ahead
congestion shows that the actual FTR auction, which includes both load and non-load
participation, has a better predictive p ower of day-ahead congestionthan the simulated auction
results with 0 n financial participation .6 Thi s i nd i -toadtpatgipation enprovesdhe

price discovery feature of FTR auctions.

Given that FTR auctions have predictive power over day-ahead congestion, we canalso examine
whether such predictive power has resuled in reasonably efficient outcomes for ARR holders.

LElI conducted two owhat i fFOR cutnomésyosaeswer thisquédstios.t o r i

First, LEI calculated how much ARR holders would have earned if all ARR holders self -scheduled
their ARRs into FTRs. Thepurpose of this analysis is to understand the size of the congestion
refund that load receives regardless of the FTR auction prices(similar to the blue bars in Figure
29). Then, LEI calculated how much ARR holders would have earned if none of the ARRs are self
scheduled. This means the congestion charges returned to load woud be entirely based on FTR
auction results (similar to the green bars inFigure 29). If the FTR auctions have bea competitive,
the FTR auction prices should be reasonalte level such that, on average, the two cases should
yield similar congestion chargesreturn ed to load. In other words, there should not be a strategy
(holding ARR s or self-scheduling) that consistently provi des higher payments. The result of the
analysis is presented in Figure 33.

From the planning period 2014/15 to 2019/20, load would have been receiving more congestion
charges if they held on to their ARRs. This impli esthat the FTRauction prices have been relatively
effective in regard to Purpose #1 and not unreasonably low (otherwise, self-scheduling would be
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the more economic choice). Furthermore, the years where load would have received more
congestion charges byself-scheduling are periods with anomalous weather conditions (2014/15
has the PJM highest winter peak on record, 2017/18 hal the Bomb Cyclone event). This shows
that FTRs are more likely to be underpriced when the congestion level is more volatile.

Figure 33. Whether holding ARR or self -scheduling would result in a higher payment to load
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Source: LElanalysis based on data provided by PIM.

6.8 Is there value to having multiple types of auctions?

P J M6 s nhudlRuctions represent the majority of annual net auction revenues 0 over 85% in

the last three planning years (seeFigure 34). With over 6,000nodes defin ed in each annual auction

in the previous three years, annual auction results provide a very granular underst anding of

expected congestion costs for the forward markets. Based on the crosssectional multivariate

regression modeli%8 developed by LEI, a significant t-statistic for all variables (at a 95% confident

level) and a significant F-Stat (above 2800) confirmsnot only the overall significance of the linear

regression model but also theannualauct i on r e s ul dicbastuabQLMRs.i Thus,the o pr e
annual FTR auctions arean essentialcomponent of the FTR mechanism.

Monthly auctions produced the majority of cleared FTR products (in MW terms) for each
planning period in the last three years, as illustrated in Figure 34. Monthly auction results were
also very strong predictors of the day ahead CLMPs. These auctionsgive market partici pants,
including LSEs, additional opportunities to refine their hedging portfolio (buy/sell FTRs). To

ascertain if the monthly auctions provide price discovery, LEI tested regression models 109

108 Please see Appendix E, Sectiorl3.1

109 Details of the analysis can be found in Appendix E (Section 13.1.5.
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involving monthly FTR aucti ons 0 -apeadeCNMPsitofovtee power
20182019 planning year. Figure 35 summarizes the results of the key regression statistics
observed for each monthly model.

Figure 34. Net auction revenues and cleared MW by auction type
1.000 Monlt\:ﬂe; Revenues — 5,000 Clearfad MW - Monthly
800 = Annual S 4,000 m Buy bids ' Sell offers
¥ 00 "L = 3,000
2 400 O 2,000
= 500 1,000 I I
0 0
2017-18 2018-19 2019-20 2017-18 2018-19 2019-20
5.000 Cleared MW - Annual 5,000 Cleared MW - LT
4000 ® Buy bids = Sell offers 4,000 m Buy bids = Sell offers
= 3,000 = 3,000
O 2,000 O 2,000
1,000 1,000
o L [ 0 e - -
2017-18 2018-19 2019-20 2017-18 2018-19 2019-20
Source;LEl anal ysis based on @EdeMatdransatiiBns areinctuded.n r esul t s.
Note: Net revenues have been calculated as the sum of the dollar value of cleared buy bids subtracting the sum of the
dollar value of cleared sell offers.

The R-squared on a scale of 0 to 1 represents the goodnessf-fit measure for linear regression
models, and the t-statistic confirms the significance of each independent variable in the panel
regression. Further, the Fstat confirms the overall significance of the regresson model and the
predictive ability of the independent variables (e.g., the FTR auctio results). In the figure below,
except for few months (such as Aug-18, Dec18, and Feb19), each monthly model was statistically
significant, and monthly FTR auctions were observed to predict actual CLMPs on a aoss
sectional basis In light of these findings and the usage patterns of monthly auctions by market
participants, LEI believes that monthly auctions are also an essential element of the overall FTR
auction design and should be retained.

110 Each set of monthly auction prices includes the settlement of the bids for the current month. These prices include
the clearing prices for the month itself, the prompt month, and the month leading to the prompt month.
However, due to the resetting of the PY in June each yea, the rolling nature of the monthly auctions is limited,
and therefore the months of June has one price and July has two pices.
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Figure 35 Summary of regression results for monthly FTR Auctions, 2018 -2019
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Source: LEI Analysis, PIM

In addition to annual and monthly FTR auctions, PJM also holds longterm FTR auctions. The
long-term FTR auctions provide market participants with the ability to acquire a 3-year forward
contracts for single year products. Five rounds of each auction are held in March, June, August,
October, and December. To ascertain if the long-term auctions provide price discovery for the
load, LEI undertook a crosssectional regressionanalysis based on the long-term annual auction
clearing prices!!t and the respective annual CLMPs for the various PJM nodes. The test results
confirm ed mostly significant t -statistics and significant F-Stats in the relationship between long-
term FTR auction outcomes and realized CLMPs, which suggess that long-term FTR auctions
contribute to price discovery. Alth ough LEI has not performed any quantitati ve analysis to
confirm this finding, some stakeholders noted that the additi on of LT auctions improved the
l'iquidity of PJMds forward markets. Casual
long-term auctions that have a duration longer than oney e ar a n d -&kspéads anditothl
volume of forwards exceeds other US RTOs. Moreover, LEI learned through the FGDs that
market participants, including LSEs, use the LT FTR auctions to hedge congestion rik. For all
these reasonsLEl believes that the LT FTR auction should be retained.

6.9 Are financial market participants over-earning in the FTR auctions?
To answer this question, O6dnfustfirs bhecdefiadd. Basad dn eldta

provided b y PJM, FTR market participants are classfified into two categories: LSEs and financials.
However, LEI views that this is an over-simplification as there are non-load market participants

111 Note: Each set df long-term auction prices includes the settlement of the bids in the future. These clearing prices for
auction rounds that are 36-months, 33-months, 30-months, 24-months, 21-months, 18-months, 12-months, and
6-months, trail the year of actual auction delivery.
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that are not pure financial traders, such as generation companies or transmission developers. So,
forclarity, LEIwilber ef erring to -oda@ddd demtinidt O@® n standiagyv oi d an

In the past three annual FTR auctions, nonload participants represent most of the transaction

volume, but about half of the net revenues, asillustrated in Figure 36. Figure 37 presents the

breakdown of net profits related to day -ahead congestion charges ETR target allocation minus

FTR auction proceeds) and surplus allocation eamed by non-load entities in the FTR annual

auctions from planning periods 2014/15 to 2019/20. On average, non-load entities earned a net

profit of $247 million per annum. 112 This represents approximately 15% of all the dollars

disbursed to all market partici pants through FTR credits, ARR credits, and surplus allocation.

Some stakeholders refer to the net profit earned by non-l oad ent i t i eis aass tohleesaek aagr
congestion charges that are paid out to nonload entities, rather than LSEs.

Figure 36. Net auction reven ues and cleared MW by market participant type
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Source:LEl analysisbasedonPMd s F TR a u c Greenhat trarsactiohstare included.

Note: Net revenues have been calculated as the sum of the dollar value of clared buy bids subtracting the sum of the
dollar value of cleared sell offers.

There are three sources of net profitfor non-load when participating in the FTR market: profits
from gen-to-gen paths (which accounts for 52% of the leakages}?3 profits from no n-gen-to-gen
paths (accounting for 38% of leakages)4and surplus allocation to FTR holders before the market
rule change where the surplus is now assigned to load (this ceasedwith the 2018/19 planning
period). If we recalculate the net profits and take out the surplus congestion that had previously
been allocated to FTR holders, as per the current market rule, norload entities would have
earned a net profit of $223 million on average over these six planning periods, representing 13%

112 This includes GreenHat transactions in 2018/19; LEI has not excluded those. If those transactions were removed,
the net profit for non -load entities would be higher.

113 Defined as any path that has both the source and sink nades being generabr buses. The node definitions are
provided by PJM.

114 Defined as any path that is not a gento-gen path.
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of all the dollars di sbursed to all market participan ts through FTR credits, ARR credits, and
surplus allocation. 115

Figure 37. Breakdown of the day ahead net profits made by non -load entities in FTR annual
auctions

6-year average
$223m excluding
surplus allocation

6-year average
$247m

Nominal $ million

(100)
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= Non-load profit from non-gen2gen paths = Non-load profit from gen2gen paths Surplus

Note that this calculation is based on annual FTR target allocation and does not consider spot market transmission
excess or derated capacities anddoes not take into account reduction in FTR target allocation due to forfeiture rules.
In addition, for the 2018/19 planning year, LEI has not excluded the losses suffered as a result of theGreenHat default.
The profit would have been $297 million instead of $ 183 million in that planning year if losses from GreenHat were
excluded.

Source: Analysis of data provided by PIM.

The amount of net profit has bee positive for the past six years, but it also varied. During years
with more extreme weather conditions (20 14/15 and 2017/18) have a much larger net profit is
observedthan other years. In those years, the profits from non-gen-to-gen paths make up a larger
share of the net profit. In contrast, in years with normal weather condition s, the average net profit
eamed by non-load would only represent 7% of total dollars disbursed to all market participants
through FTR credits, ARR credits, and surplus allocation.

Since the ARR/FTR mechanism design allows load to exchange a variable revenue stream for a
fixed revenue stream, it should be expected that in some years, thecounterparty assuming the
variable revenue risk makes a net profit. This is similar to an insurance policy where, in this case,
load is trying to shedthe variable congestion charges risk, and some nm-load market participants

made a profit by taking on this risk and earn ing a premium. Also, as discussed further in Section

115 Details on the breakdown on the costs and net profits of different types of trades (gen-to-gen or non-gen-to-gen)
done by different types of market particip ants (load or non-load) are available in Appendix E (Section 13.7).
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6.10 on a more granular (path) basis, nonload entities have incurred losses and have faced
material levels of risk in their individual FTR purchase decisions.

In summary, the average annual cost16to load associated with the current FTR construct is not a

small number ($223 milionayear,hi st ori cal |l y) . Howeveleakage bei abso
not demonstrative of whether load is harmed by the current design. Whether this amount of

oleakageo is reasonable should be answered by analyzing the benefits provided by non -load

participating in the FTR market , and whether the benefits outweigh the costs which we discuss

in further in Section 6.13

6.10 Is non-load earning excessive profits through gen -to-gen paths?

As presented in Section6.8, non-load earns over 50% of itsnet profits fro m gen-to-gen paths. But
gen-to-gen paths are not exclusively available to non-load. Load entities also participate in the
FTR auctions andbuy gen-to-gen paths. LEI examined the profitability of gen -to-gen paths based
on type of FTR holder. Notably, betwe en 2014/2015 and 2019/20, load entities on average lost
$36 million in gen-to-gen trades. In 2015/16, load lost $268 million in one year on gen-to-gen
trades (non-load also lost $29 million in gen-to-gen trades in that planning period). Howe ver, LEI
does not view this as a reason to suggest gento-gen paths should be disallowed in the FTR
auction. Instead, LEI views these statistics as demongrative that (i) there is significant uncertainty
(risk) in these FTR paths, and (ii) load is also anactive particip ant in the gen-to-gen path product,
which suggests that there may be an economic reason for them to trade such paths as they
continue to trade suchproducts even after heavy losses.

Figure 38 presents two charts with all the FTR transactions cleared in the 2018/19 annual FTR
auctions. Both charts contain the same dataset, but the chart on the left is colorcoded basedon
whether the trade is made by a load (in red) or a non-load entity (in gre en), while the chart on the
right is col or-coded based on whether the FTR trade is on a gerto-gen path (in orange) or a non-
gen-to-gen path (in blue).

The x-axis of the charts representsthe cost of the trade-in $/MW. In contrast, the y -axis represents
the trade's target allocation (i.e., the payout before adjusting for spot market network capacity
changes). The cost of trades can be negative because there can be counterflow tradeFor trades
in the diagonal line's counterclockwise position, they are prof itable, meaning the target allocation
is greater than the cost. Trades located in a clockwise position of the diagonal line are unprofitable
trades.

1161t i s also commonly referred to by some mar ket participant
interchangeably.
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Figure 38. Cost vs. profit of FTR trades in 2018/19
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Note that these transactions include GreenHat transactions, which may reflect more non-load losses than in other years.

Source: LEI analysis of data provided by PIM.

By comparing the two charts, three findi ngs ememe:

T

T

The types of trades done by load versus non-load do not appear to be differenti both load
and non-load trade-in gen-to-gen and non-gen-to-gen paths.

A cluster of non-load trades that load did not engage in had high cost but not very high
returns. There is a cluster of green dots towards the top right that only non -load entities
traded. Those trades are closeo the diagonal line, reflecting the trades are profitable but
not at a very high return rate. Similarly, there are some trades towards the lower | eft of
the chart that have similar characteristics. It is not clear why load does not engage in those
profita ble trades. One possible reason is that these trades have high costs, and nefoad
entities are more capitalized to perform these trades. This also implies that non -load
entities provide | iquidity to the FTR market as they trade (and provide forward price
discovery) on paths that would otherwise not be traded. We suggest that PIJM continue to
monitor profitability and competitive trends around such paths and any others that
consistently result in big profit margins.

There are trades with low cost, but a high or low payout, and both load and non -load
engage in those trades, but nonload has a higher participation rate. In the charts, there
are a number of trades that are located close to they-axis but have very high or low payout
values. These are mostly gento-gen trades that have a highrisk, high return profile.
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While both load and non -load have traded these paths, there are more nonload trades at
the more extreme ends of the y-axis.

Overall, this analysis shows that non-load entities have been taking samewhat higher -risk,
higher-return trades in the FTR market, and they have been able to profit from such activities.
While gen-to-gen paths are the main source of such high-risk, high -retur n trades, select nongen-
to-gen paths also provide comparable (high risk/high return) trading opportunities. Similar to
the observations of trading on gen-to-gen paths, load also participates in buying these other FTR
paths, albeit on a smaller scale thannon-load entities.

LElI recommends continuing to allow gen -to-gen paths to be trade. LElI also suggests
enhancement that would allow load to choose gen-to-gen paths as part of the ARR allocation
process. Tocomplement these recommendations, it would be helpful for PIM to institute a more
comprehensive monitoring program of the auction results at the path levels, to assess evidence
of systematic excessive profits, or profits that are not commensurate with risk , and also track how
highly profitable opportunit ies attract competition over time.

6.11 Are there FTR options that are s old at too low a price?

Options represent a small share of FTR products, in both net revenue terms and cleared
guantities, as seen inFigure 39 below. LEI investigated typical purchasers of FTR options and
profitability of those FTR options relative to FTR obligations. LEI identified some FTR options
that traded at strictly $0/MW pric e or at $0 premium over FTR obligations on the same FTR path.
This indicates a situation of FTR options' underpricing and suggests that PJM should set more
stringent floor prices for FTR options. These findings are discussed below.

LEI reviewed options tra ded in the annual FTR auctions from 2014/15 to 2019/20 by identifying
whether there are options that are sold at $0/MW and whether there are options so Id at the same
$/MW price as the obligation over the same FTR path.

Based on LEI ®s undetatf dndiPddIdfsr & MRBieMiltrtotiadow c | ear i
any FTR options to be cleared at below $0 or the price of the same obligation path. However, i
does allow for a clearing price at $0 or the same price of the same obligation path.

We found that in t otal, there have been 896 MW of FR options sold at $0/MW in the past six

planning periods (but none of them resulted in net profitable payoff), and th ere have been 10,179

MW of FTR options sold at no premium over the same FTR obligation path (referredto as 0 n o
premi um6é opt iseplai.ngOvpeerr itohdess, buyers of these 0no
a $7 million net profit.

By their nature, these FTR options are underpriced because the buyer of FTR options can only
receive a positive target allocation. Therefore a $0 FTR option effectvely means risk-free profit.
For FTR options priced at the same price as an obligation at the same path, this preserg an
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arbitrage opportunity, 117essentially providing risk -free profit to the arbitrager. In Section 8.6, LEI
providessugge st i ons on h o-vlearPd évigne camberekhartced to mitigate these
ono premiumé options.

Figure 39. Net auction revenues and cleared MW by FTR type
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Source:LElI analysis based on @EGdeMatdrarBact®nsare ioduded.n r esul t s.

Note: Net revenues have been calculated as the sum of the dollar value ofcleared buy bids subtracting the sum of the
dollar value of cleared sell offers.

6.12 Does the LT FTR auction provide positive value to load?

As discussdl earlier, the long-term FTR auctions at PJIM aim to provide market participants the

ability to acquire a 3-year forward contract, with auctions held each year in June, September, and
December. As depicted earlier in Figure 34, the cleared volumes and net revenues from LT
auction are not a significant portion of the FTR auctions, but not immateria |. From a net revenue
perspective, in 201920, LT auctions produced 9% of total auction revenues that were returned to
ARR holders. However, the more substantial benefit from LT auctions is in relation to price

discovery and forward market liquidity. LEI hasobserved increasedvolumes traded on financial

exchanges in various PJM futures a few days after LT auction results are released(see discussion
in Section 6.7). Even though the LT auction clears up to three years in advance of day-ahead
market outcomes, auction results have a statistically significant explanatory power over the day
ahead CLMPs (see Sectior6.8for a summary).118LEI observed a correlation between the volume
of cleared MWs (notably, the volume of cleared amounts is highest in round 3, as seen inFigure
40) and the statistical significance of particular round.

1171f the buyer of the option can short the obligation path at the sametimeas buyi ng t he Onopitispr emi umo
paying $0 premium, but it can get a positive payout if the obligation result sin a negative target allocation.

118 Details of the analysis can ke found in Appendix E (Section 13.1) of this report. Each set of models includes
independent explanatory variables for different LT auctions (and rounds) for the same settlement period .,
including auction results from 36-months out, 33months out, 30-months out, 24-months out, 21-months out,
18-months out, 12months out, and 6-months out.
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Figure 40. LT auction, FTR cleared volumes by round
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Source:LEl analysishas ed on PJMG6s F TQReerHattransactions areirscluded. s .

6.13 Do the benefits of allowing financial players participating in the F TR auctions
out-weigh the costs from the perspective of load ?

Section69pr esent ed the 0cost s 6load entitiésdogdrticipate inghe FTdRwi n g

auctions d essentially, it is the net profit that t hese nonload entities are making from buying FTRs.

These net profits are identified as a cost from the perspective d load because these profits reflect

congestion charges that would have d but for the purchases made by non-load entities!1® - been
distribut ed to load through the surplus allocation mechanism. To evaluate the significance of

no

t hese dovereadttoxgmpare t hem against potential Obenefit s

6.13.1 Costs of non-load participation in the current design

0Costsd ari se be cgestieneealivelin thespot macket aral (b) thee aymamics in
the FTR auction. This is because the net profit paid to non-load entities is a function of the
payment they receive (the oO0Orevenueso6 to FTR
FTRs.

6.13.1.1 Extent of non -load participation does not affect the volume of congestion charges

The total congestion charges colleted by PJM are solely a function of the spot market (day-ahead
and real-time). The magnitude of the congestion charges collected through the spot market does
not change regardless of whethernon-load entities are participating in the FTR market. Therefore,
non-load participation does not change the total congestion charges that are collected.

6.13.1.2 Non -load participants pay to acquire FTRs in the auction

Unlike load that is self-scheduling its ARR,anonl oad partici pant must
FTR (andtherefore a commitment to receive/pay the congestion price spread associated with the
specific FTR path in the future). That fee will be positive for (primary) flow FTRs or negative for
counterflow FTRs (to take on the obligation to make future payments du ring settlement). Non-

119]n the PIM ARR/FTR White Paper, PIM has already shown that there is also another effect to consider if these non
load entities had not participated 8 auction revenues (which dictate the payments to load that held onto the
ARRSs) d would have been lower too. We discuss this further in Section6.13.2
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load participants must form an expectation about future congestion rents. There is uncertainty
(risk) in the value of those mngestion rents, and non-load participants willingly accept this risk,
if they are able to earn a prdfit. 120 If market rules prevent non -load entities from earning a profit,
they will exit the market and the benefits they provide to support efficient FTR auctions would
cease. It is alsoimportant to recognize that non -load participants are competing against each
other and load that is self-scheduling to acquire FTRs in the auctions(and the IMM has concluded
that the market structure of the FTR auctions has been competitive 121). Therefore, competition
also tempers the profits earned. Ultimately, the prices paid by non-load entities to acquire FTRs
in the auctions reflect expectations about future congestion, remuneration for the risks they are
taking, as well as competition.

6.13.2 Benefits of non-load participation in auctions

Earlier this year, PIM examined the effect of non-load participation on FTR auction revenues
using simulation techniques. PJ M st ated that o[i]l]n ordeancidlo il 1l u
participants create competitive forces which can enhance market liquidity and contribute to price
discovery, a hypothetical study removing the bids from purely financial traders and holding all
other bids constant was performed to show the impact on ARR values for the 2018/2019 and
20192020 Planning Periods. The results showed a devaluation of roughly $329 millio n in
2018/2019 and $150 million in 2019/2020 without financial participation. 6'22This is an important
attribute of non -load participation, a s such a1 outcome would mean reduced payments to ARR
holders through a competitive, market -based mechanism and a larger proportion of total
congestion charges would need to be allocated through the surplus congestion mechanism.
Furthermore, this analysis indicates that auction prices would b ecome less efficient at reflecting
expected congestion costs and therefore undermine the price discovery that is critical for the
forward markets .

6.13.2.1 Evidence of the connection between FTR auctions and forward markets

As presented in Section 6.7, using statistical analysis, LEI observed that the presence ofnon-load
participants improves the predictive power of FTR auction prices on realized congestion costs in
the day-ahead energy market. This tells us that the FTR auctions area relatively efficient and
good source of information for the forward market. We also observe a strong linkage between the
FTR auction results in future market activity. Based on the data and analysis provided by Nodal
Exchange and ICE,123futures volumes increase materially after the posting of auction results (the

120The KeynesHi c ks &6r i sk t r an grfthattbe dasyegtmrédhce sk dsiveefirms to Aedge, speculative
traders ensure that need is fulfilled. In analogy to the Keynes-Hicks hypothesis, financial participants (non -
load entities) provide a b eneficial service to load in the FTR auctions by taking on risks that load entities are
currently not prepared to take on.

22lMoni toring Analytics. 02019 State of the Market Report. o6 Ma
122pJM. OFinancial Tr ans miwods iApmr iRi gdf2s0 . Maprpk. e t1 9Revi e
12Nodal E x ¢ h a mai@ Impactod RutukesTr adi ng and Prices. 6 December 4, 202«
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increase in volumes traded is as much as 240% in the five business days following annual
auctions, 90% increase in volume of transctions on average following posting of monthly auction
results and approximately a 40% increase in volumes after LT auction results are posted. As
discussed in Section 6.4, bilateral market activity frequently uses nodal delivery points and
naturally benefits from the information on expected congestion that is released through FTR
auctions.

6.13.2.2 Context for considering liquid i ty of PJM&s forward mar ket

A market is considered liquid if a large number of market
participants trade in large quantities efficiently, without
incurring large transaction costs and without materially
moving prices. The churn rate is a measure of liquidity and
is based on the volumes traded in the futures market relative
to the throughput on the trans mission system or total annual
consumption. A higher churn rate generally suggests greater
liquidity and competition in the forward market. PJ M0 s
forward ma rket's relatively higher liquidity is reflected in its
churn rate of 2.88x in 2019 (the highest amomg all the RTO-
administered power market s) as stown in Figure 48on page
99.

6Low | e vakdt siquidityf
translate into wider pread
between bid and offer prices. T
market participants who want tc
transact have to compensate th
counterparties for increased rig
€  digher bidoffer spread ig
compensation f ¢

- J.P. Magan Center for
Commodities

Another indicator to meas ure the magnitude of transaction costs incurred in engaging in forward

market activity is the bid -ask spread,which is the difference between the lowest price for which

a seller is willing to sell a megawatt -hour of electricity (i.e., ask)and the highest price that a buyer

is willing to pay for it (i.e., bid). In Figure 41, PJ M6 s | i q uaveldagechahidkasktsgread of

$0.46/MWh for 2018 and 2019 In comparison, other US RTOs/ISOs had a higher average bid -

ask spread ranging between $0.49/MWh and $0.66/MWh , reflecting lower liquidity . This lower

liquidity translates into a higher transaction cost for participants in the forward markets,

ultimately impacting the overall cost of supply. 124Further, between 2018and® 19, PJM&6s aver
bid-ask spread declined slightly while other ISOs experienced an uptick in their respective bid -

ask spreads.

1243 P. Morgan Center for Commaodities at the University of Colorado Denver Business School. oLiquidity Issues in the
U.S. Natural Gas Market.6 September 2019.p. 56.
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Figure 41 Futures Bid-Ask spreads across ISOs in 2018- 2019

Comparative lack of liquidity in other ISOs represented by excess bid-ask spread vs. PJM’'s
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PJM'’s bid-ask spread declined between 2018 and 2019, reflecting increased liquidity

Source:OTC Global Holdings/SNL , LEI analysis.

Liguidity makes the forward market more efficient. This , in turn, supports hedging and lowers
transaction costs for both bilateral physical transactions and financial transactions in the forward
market.

6.13.2.3 Evaluating long term benefits to PJM load

LEI explored the magnitude of long -term benefits to load by assessing benefits arising from
hedging activity and transaction costcosts

1 A liquid for ward market, facilitated by price discovery emanating from the FTR auctions,
provides investors with an oppor tunity to effectively hedge the volatile spot market.
Hedges reduce the perceived risk of a new generation development and thereby lower
the cost d debt for financing such resources, which will ultimately red uce the long-run
cost of supply to the benefit of all load in PJM. Hectricity retail providers can also take
advantage of forward markets to deploy hedging strategies to reduce, even eiminate,
wholesale price risk. This can reduce the cost of capital for retailers, allowing them to
expand their offering and potentially pass on cost savings to the final customers. Although
it is difficult to measure this benefit precisely, we know it cou ld be significant given that
over 40% o f PJM&s hi st ol iwasaérved by a dompgettiteSretailevVin
2019125

125]n 2019, 315 TW of energy (out of a total of 772TWh total consumption) was served by competitive (non-incumbent
utility) retailpr ovi ders across PJM states, based on 2019
Revenue, and Aver age Pr ihtps:/wvw.€agbveledaricity/sales r2verid price/
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9 Liquidity in the forward market will  also impact transaction costs. Forward markets
participant trading in PJM product enjoy one of th e lowest bid-ask spreads in US power
markets. Every $0.10/MWh in bid -ask spread raises transaction costs for physicaland
financial forward transactions by approximately $ 424million in PIM (based on the current
size of the physical market and futures mark et). Therefore, retaining a liquid forward
market in PJM, with the support of price discovery provided by efficient F TR auctions,
will benefit load in the long run.

We describe themagnitude of each of these benefits based on illustrative analysis specific to the
PJIM market, in the sub-sections below.

6.13.2.3.1Hedging benefits

Twenty new gasfired CCGT projects were brought online with a commercial operating date
between January 1,2017 and January 1, 202Q presented in Figure 42 Basedo n L Ees$eérch,
twelve of these projects, highlighted with a star , employed financial hedges as part of their
financing arrangements, including revenue puts, heat rate call options, and gas netback contracts.
Financial hedges reduced the projects' marke price exposure for some period, facilitating a lower

cost of debt as indicat edP JoMate§ &ONE Rmalysis acgeptedson d

FERC26 identifies the cost of debt for new CCGT as 6%, based on debt ratings of Bto BB. Credit
rating agenciesasses t he stability or wvolatility of a
degree of contractual support underlying the revenues and the sources of revenues. Forexample,
S&P Ratings states that o0a gdkesothedgdseuld bk assessado
as having high H#inthisway, the abfity to enterintod financial hedges directly
translates into the cost of debt reduction for g eneration projects. Conservatively, LEI assumed
that hedging wholesale price risk could imp rove the credit rating of a project and reduce the cost
of debt by 0.39%to 0.78%?128 In turn, this change in the cost of debt would translate into a

126p J M. OPJM I nt er conn e clit5000nPeriodicaReview df Vatiable R&®IAc® Regirement Curve
Shape and Key ParR2melB.ers. 6 October

127 S&P OPrajec Finance Operations
<https://www.standardandpoors.com/en US/web/guest/ article/ -/view/sourceld/8687748 >

128|f a project is unable to obtain a financial hedge, creditors of the project would demand a higher return to compensate
for the higher risk of the project. In the PIM cost of new entry filing (October 12, 2018), the costof debt is set
based on the range of Brated and BB-rated debt. LEI analyzed the credit spread in US high yield bonds with
B-rated and BB-rated debt over three years (20172019). Itis reasonable to assume projects that cannot obtain
financial hedges woul d be on the lower end of the spectrum. Therefore, LEI tested a quarter-notch and a half-
notch increase in spread from B-rated debt to conservatively reflect the impact of hedging. A quarter -notch
improvement in credit rating would be equal to 0.39% decrease in the cost of debt, while a half-notch
improve ment in credit rating wo uld be equal to 0.78% decrease in the cost of debt.
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typical new CCGT.129

Figure 42 Location of gas plants with confirmed hedges denoted with a star
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Source: LEI analysisand third -party database provider.

INn2019,gaspl ant s set pr i eakeeneigynmared, dppreximatdlyo’ 0% of the hours
(specifically, 69.4%).130 Assuming an overall market size consistent with 2019 electricity
consumption (772 TWh), and further considering the combination of the lower debt savings and

that new CCGTswould d irectly or indir ectly affect market prices in 50% of the hours, the benefit
of a lower LRMC would be $99 million per year. If the frequency with wh ich CCGTs affect overall

129 This calculation is explained further in Appendix E (Section 13.9.]). LEI recognizes that the cost of debt and other
financing components of the CON E estimate are prepared for purposes of analyzing offers in the capacity

market. However, CCGTs have historicaly r ecovered some of their fixed

Moreover, for the purposes of this longer -term analysis, a LRMC estimate is more gpropriate. ALRM C figure
should be compared against an allin market price, which makes it difficult to isolate day-ahead energy market
revenues versus capacitymarket revenue streams. Therefore, LEI intentionally focused on an overall market
price per unit of energy consumed for this calculation.

BOMonitoring Analytics. O0State o012 2020e.2Blar ket Report for
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market prices increases to 80%the cost savings would be as much as $318 million ayear.131Based
on this example, the impact of lower LRMCs for new CCGTs is estimated to produce long-run
benefits to PIM load ranging between $99 million and $318 million .132

Liquid forward market s also provide electricity retail providers with an opportunity to deploy
hedging strategies to reduce, even eliminate, wholesale price risk. Retail customers generally
prefer fixed prices over a period of time. On the other hand, wholesale spot prices change from
hour to hour and can be very volatile in the short term due to de mand fluctuations, generation
availability, transmission system constraints, fuel costs, and weather conditions. As such, retalil
provid ers typically find themselves with fixed revenues but variable costs of supply. Forward
markets provide a means for retail providers to hedge the wholesale cost of supply and reduce a
major risk factor in their business operations. With a lower risk profi le, competitive retails can
reduce their cost of capital to improve their competitive position or re -deploy the released capital
to innovate and expand their offerings to customers. Estimating the benefit of retail competition
in PJM and the impacts of hedging on those estimated benefits was beyond the scopeof this
report. However, i f the presence of liquid forward markets is responsible for even a small fraction
of the benefits of retail competition, this is likely to be a multi -million -dollar benefit stream to
load in PJM, given the extensive presence of etail competition in the region.

6.13.2.4 Evaluating the impact of transact ion costs in the forward markets on long -run costs to
load

Liguid forward markets also reduce the transaction costs for hedging and con tracting bilaterally.
As shown in Figure 41 on page 80, PIJM6s | iquid ma-ask gptead (20182019 ge d a
of $0.46/MWh. In comparison, in 2019,other US RTOs/ISOs such as ERCOTCAISO, and MISO
had a higher average bid-ask spread ranging between $0.49/MWh and $0.66/MWh, reflecting
lower liquidity . To analyze the impact of the increasing cost of losing liquidity, LEI developed a
what-if (counterfactual) analysis based on the bid-ask spreads. PJM hasexperienced astandard
deviation of $0.21/MWh to $0.22/MWh in its bid -ask spreads Furthermore, we observe that
PJM6s av aeskagead irb201819 has been $0.19/MWh to $0.21/MWh lower than that of
MISO and $0.10/MWh to $0.11/MWh lower th an that of CAISO. We used a standard deviation
of $0.21/MWh for our analysis, which also aligns with the average difference in bid -ask spreads
between PJM and MISO,as the upper range of the potential benefits in reduced transaction costs
enjoyed by PJM forward market participants. We also tested $0.10/MWh for the lower range, the
observed average difference betweenthe bid-ask spreads in PJM and CAISO.We then applied
these potential increases in bid-ask spread by an estimate of total bilateral cortracts and financial
transactions in the forward market. We estimated this based on 2019 futures volumes and an
estimate of bilateral activity (based on total electricity co nsumption less spot purchases and
regulation generation (i.e., self-supply)). An increase d bid-ask spread range between

1311t is very likely that as we see more the turnover in supply in PIM (i.e., retirement of coal-fired generation and new
entry of renewables), efficient natural gas units will be price setting more frequently.

132 Please see Appendix E Section 13.9.7) for further details .
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$0.10/MWh and $0.21/MWh would drive up transaction costs for forward market activi ty in
PJM in the range of $424 million and $ 889 million a year.133 Such transaction costswould
ultimately have to be paid by load. There fore, this is another indirect benefit of the price discovery
and liquidity provided by the FTR construct.

6.13.2.5 Costs versus benefits

The long run benefits associated with liqui d and efficient forward markets are additive in nature
becausethe benefits connected to hedging (generation and retail supply) are distinct from the
benefits related to transactional cost savings. While the illustrative numerical estimates of these
benefits are not meant to be definitive , they show the relative magnitude of benefits that can be
achieved with liquid forward market s, and therefore contextualize the importance of efficient
FTR auctions that support P J Mfbisvard markets. In summary, Figure 43 lists the indicative
benefits of achieving Purpose #2 in the futur e versus thecosts(foregone congestion charges)that
load has historically ceded to non-load entities (and thereby reduced the payout to load that is
part of Purpose #1).

The indicative benefits over the longer term outweigh the leakage (or costs) in the short term.

Furthermore, recommendations made by LEI in Section 8, could result in a further reduction in

the Ol eakageod6 if the enhancements to the ARR pro
paths in the ARR process and slf-schedule those ARRs

Figure 43. Indicative costs and benefits

Long-run marginal $99- 318
cost savings
Flaiiis o -z Hedging and $ 424- $889

participants (2014/15 $ 223

contractin
to 2019/2020 average) -

transaction cost
savings

$223 $ 5238 $1,207

6.14 Does the current ARR/FTR market design suffer from alack of transparency or
complexity?

As discussed in Section6.14, simpli city enhances the goal of efficiency by lowering administrative
burden and transaction costs, while transparency strengthens equitable outcomes as it albws

133 Please see Appendix E Section13.9.2, for further details.
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stakeholders to acknowledge reasonable results quickly or to challenge inequitable outcomes. To

measurewhet her PJM&6s ARR/FTR mar ket design is simple &
ARR/FTR process and features with the markets included in the case studies, namely CAISO,

ERCOT, and MISO. The FGDs and questionnaire survey provided us with additional inputs on

st akehol cenrthe harketidesign's simplicity and transparency .

Compared to CAISO and ERCOT,PJ M6 s ARR/ FTR mar ket dodugioghe i s mo
dual property rights system and the s heer number of F T Rroppriy rights . PJ M&
system meansa more complicated process compared to RTOs with single property rights. PIJM

has another layer of distributing transmission rights (ARRs) . In contrast, in CAISO (where the

rights are distributed directly) and ERCOT (auction revenues are allocated directly to load), the

process is more straightforward. PJM has more FTR auctions (and rounds) which require

participants to maneuver through a more complex system. PJM is the only RTO among the four

markets that has a long-term auction. Also, it has more rounds in the annual auction (4 rounds

vs. 1 and 3 rounds for CAISO/ERCOT, and MISO, respectively). Furth ermore, while PJM has

fewer FTR classesthan CAISO and ERCOT, it has more biddable paths, which means more

decision points for participants.

Nevertheless,t her e are al so ar eas whrmoreestraighifondaed . mPrIkVdts d e
annual ARR allocation process is less burdensome to market particpants as this is conducted

once a year whereas, in CAISO, the allocation of the CRRs is undertaken every month.
Further more, PIJM&s annual ARR produciprodut ARRor e str
choice set.More specifically, PIM has one ARRclass(2hour ) compared to MI SOG&s
classes (peak/off-peak) and seasonal products (summer, fall, winter, and spring).

Figure 44. Simplicity and transparency in PJM relative to other IS Os/RTOs

Simplicity A ARR process done once a year
A Dual property system
A Large number of paths
A More FTR auctions
Transparency A Data and information are available to

all

>

Data and information are released at
the same time

o> [ [ ¢ca

Timely release of auction results

A
ﬁ PIM s @ Others are [ Same as
others

better better
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Regarding transparency, all relevant information on ARRS/FTRs is publicly available to all
market participants in PIJM and the other ISOs/RTOs. Data is also releasedat the same time on
the PJM website and the FTR Center. Thesame set of information and data is also available to all
market participants. This means that there is a level playing field for all participants of the
ARR/FTR mar ket.

LEI also determined that PJM releases some data and information slightly quicker than the other
ISOs/RTOs. For instance, PIM pats auction results for each round earlier (within two business
days) than the other RTOs (which release the results between2 and 7 business days).Figure 44
shows a summary of our evaluation of the simplicit y and transparency in PJM relative to the
other ISOs/RTOs.

However, several stakeholders raised some concernsregarding transparency in terms of the
changes made in the network model and the timely release of the network model. To address
these concerns LEI suggests some enhancements to improve transparency as discussed in
Section8.8.

6.15 Whataret he | MM0 s Vv i eremBA RRAETRtctnstruct?u

LEI also interviewed the IMM who had proposed (for multiple years) that PJM redesignthe

ARR/ FTR construct and collapse the twometwpkkoperty
congestion property right 6 whos e v al uestabligted baseddbre PJ Mds ofol | ect
congestion payments after day ahead and reattime energy markets are settled134The idea behind

such a redesignis related to its dissatisfaction with the point -to-point architecture of the current

FTR system and the belief that load and other firm transmission costumers were entitled to

exactly 100% of total congestion payments colected in both the day-ahead and reattime energy

markets.135

The IMM has raised a fundamental issue on the current ARR/FTR mechanisms, particularly on
what is the primary objective of FTRs. The IMM believes that FTRs need to provide to load a
100% refund of congestion charges The path-based dual system of property rights is not designed
to meet this objective. The IMM, therefore, recommends that the current construct be replaced
with a new design to remedy this concern.| MM3d s pr o p o ssndle pnopetrtyvright kvill
no longer have a point-to-point construct .36 Instead, there will be a dynamic set of credits
refunded to each LSE, basedon the actual total congestion collected in both day-ahead andreal-
time energy markets. It is important to note that the network congesti on property
monetary value would only be known after the spot market has settled. Also, there is no specific

134pJM Market Monitoring Unit. Monitoring Analytics, LLC.  0State of the Market Report for PIM.6 November 12, 2020.
p. 687

135 ]bid.

BThere will be no 0sourced point, but althougabhlSBlhe sink is a
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0s 0 u r c etander dhis design, although the sink is always the bus or load zone relevant for
each LSE.The | MM dnstwork congestion property right would involve allocation of total

congestion charges to LSEs based on observethinding constraints on the network in the spot
market relative to the location of generation and location of load. 337 IMM 6 s pr o p o $hbut
doesnot require dthat LSEssell this new property right in advance of settlement of the day ahead
energy market. Because there is no compulsory aucton, not all LSEs may choose to sell their
rights, and this may make it difficult to establish an efficient pr ice and expectation of overall
network congestion.

LEI understands that the IMM believes that its proposed allocation of congestion chargesis more
advantageous than the current path-based ARR/FTR approach because it will prevent over-or
under- allocation of rights vis-a-vis actual network market solutions. Since there is no ARR
allocation process, and therefore no need for network modeling - load will sim ply hold a right to
receive a set of payments based on total spot market congestion charges

Basedaon L EI s wunder st an dhe FTR coackp proposed pyrthe MM dsalésigned

specifically (and solely) for Purpose #1. As such, LEI is mncerned that the commercial activity

might be disrupted and that there might be potential unintended longer -term consequences.
Furthermore, as discussed in Appendix D (Section 12), most stakeholders do not support a

complete overhaul of the ARR/FTR market ; they prefer to seeincremental improvements to the

current system. Even those stakeholders that expressed interest in a new design stated that the

new design would need to allow them to hedge congestion risk in the long-term. As such,

investigation and prototyping of the | MM& s p rare pesessarly.For these reasons, LEI does
notsupport moving f or waetworkwaongebtionptogertylrighM@reposal at this

time.

al

BPM | MM. o0 CtBassdCroaigrest i on Cal cul ati ons: Measuring Congestion
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7 ARR/FTR mechanisms in other US power markets (Task 4)

Key takeaways

There are numerous similarities between the three case study markets and PJM: all
markets have an LMP-based spot market for energy, use a wint-to-point construct with
their FTR product, and have RTO/ISO -organized auctions for the FTR product.

With r esped to property rights assigned/allocated to load, there are major differences.
CAISO and ERCOT use a single (FTRonly) system of rights; how ever, for various
reasons, L EI does not beli eve t hat t his
and other firm transmission customers.

ERCOTO6s direct allocation of auction reyv
of the different transmission rate design, the number of zones in PJM, and the complexity
of bilateral agreements for load and generation in PJM.

CAISO has recently reduced the paths that it sells in its CRR auction to improve the
outcomes under Purpose #1. LEI has strong reservations about the applicability of such
a change in the PJM context, as it could undermine the long run investment signal that is
facilitated with auctioning of a more comprehensive set of FTR paths. CAISO also has a
forfeiture rule, but it provides market par ticipants with information and data relevant to
adjust their behavior .

On a high level, MISO appears to have a s$mila r dual system of property rights (FTRs and
ARRs) as PJM. However, MISO does offer more granular ARR products than PIMMISO,
notably, does not have a forfeiture rule like PJM, although it had experienced alleged
market manipulation issues between virt ual trading and FTRs in the past.

Based on these case studies, LEI recommends that PIM evaluate offering more granular
ARR products (peak, off-peak, and seasonal) and revisiting the forfeiture rule.

LEI conducted a case study analysis, reviewing the detailed history of FTRs (and, where relevant,
ARRS) in other US power markets with LMP design. The purpose of this case study analysis was
to identify differences among the RTOs/ISOs and to draw infe rencesas to whether alternative
design choices could be applied in PIM's ARR/FTR design to benefit load. Each case study is
discussedin detail in Appendix F (Section 14).

7.1 Markets selected for case study analysis

LEI chose to examine CAISO, ERCOT, and MISO because of the differences in the ARR/FTR
design, and in the case of MISO, due b the high-level similari ties in key circumstances:

1 CAISO was chosenspecifically because of recent changes in its FTR market (known as
congestion revenue rights ("CRRs")). One of the recent changes thatCAISO implemented
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involved reducing network capacity offered in the annual CRR allocation and auction
process.

1 ERCOT was included in the case studies becauseof its approach (single property right
system) and direct allocation of auction revenues from the sale of CRRs.

1 The third case study 8 MISO & was selected because ofts high-level similarities to PIM.
MISO has a dual system of property rights like PIJM, a multi -statejurisdictional footprint ,
with z onal transmission rates, like PJM.

Figure 45. Map of RTOs/ISOs and key stat istics covered in th is Study
MISO
PIM
CAISO
ERCOT
A
PJM

Installed 79.8 GW 81.3 GW 197.6 GW 184.7 GW

capacity

Peak load 44.3 GW 74.8 GW 127 GW 148.2 GW

People served 30 million 26 million ~42 million 65 million

States covered 1 1 15 states + parts of 13 states plus DC

Manitoba

Nomenclature CRRs CRRs ARR/FTR ARR/FTR

FTR/ CRR 2006 2010 2005 1998

implementation

Day ahead $ 354 million $813 million $ 528 million PY 613million

congestion (PY 2019/2020) (CY 2019) (CY 2019) (PY 2019/2020)
Sources: State of the Market Reports of the ISOs/RTOs; ISO/RTO website

All these markets have an LMP-based spd market for energy and use a point-to-point construct

with their FTR product, like PIJM. CAISO and ERCOT calltheir FTR-pr o d u c t OCRRs, 6 as
in Figure45. The purposes of FTR (CRR) in MISOMaed ERCO’
specifically, in ERCOT, the main purposes of the CRR wereto support a liquid energy market by

providing tradable financial instruments for the hedgi ng of transmission congestion charges, to

allow market participants to eliminate or greatly reduce th e cost uncertainties resulting from
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transmission congestion charges, and to encourage competitive energy trading, where the costs

of congestion might otherwise be an impediment."38| n M| SO, FTR®&s purpose i s
with a hedging mechanism against congestion charges collected in LMPs6139 In terms of installed

capacity, MISO and PJM are significantly larger than the other two ISOs. CAISO and ERCOT

cover one state, whereas MISO and PJM encompass multiple states.

All three RTOs/ISOs introduced the F TR/ARR m arket when they first implemented the LMP
design, similar to PJM. One difference between these ISOs/RTOs is how they provide a signal for
generation investment. PJM, CAISO, and MISO have created standalone capacity products (in
addition to energy). ERCOT has an energyonly market. Of the markets with capacity
mechanisms, PJM has the highest proportion of states with unbundled generation. Although
there are many independent generation owners in CAISO, the investment signal in California is
motivated by Requests for Offers ( 0 R F AQssued by the regulated local electric distribution
utilities and required as part of the integrated resource plans mandated by the California
regulator. 140

7.2 Comparative statistics

Of the markets analyzed, PJM enjoyed the highest FTRauction revenues in the most recent two

planning years and experienced a significant increase between the PY 201718 and 201920, as

shown in Figure 46. Thistrendi n PJM&6s FTR auction revenues <can
changesand system conditions. ERCOT experienced an increase in auction revenuesas a result

of increasing network congestion.141 M| SOds auction revenuesdub®ve cont
reduced congestion in the DAM resulting from network upgrades, improve d processes and the
consequential reduction in the FTR offer prices.142 CAISO, on the other hand, has seen alecrease

in auction revenues due to the reforms it implemented (namely a reduction in the paths sold). It

is interesting to note that although PJM has the highest FTR auction revenues, ERCOT has the

highest FTR auction revenues per total energy consumption, as shown in Figure 47. This is

consistent with the relative level of congestion in the DAM.

1B8ERCOT. 0CRR - MUI User Handbook (Document Version: 2.10),6 September 10, 2011. p. 6

BIMI SO. ol nitial Filling of Open éfccEarsi DbckenNumitsER03-AI118 and Ener
000. July 25, 2003p. 20.

1490An RFO is a public request to buy, or sell a product through a structured process. The California Public Utility
Commission oversees the amount and type of product solicited through the RFOs by the localEDCs.

141Ppot o mac E c 2009cSmie of The Market Reportd ERCOT. May 2020.p. 56.

42Based on LEI 6s conversation with MISO staff on November 24,
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Figure 46. FTR auction revenues (nominal $ millions)
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Figure 47. FTR auction revenues/total energy consumption (nominal $/MWh)
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Sources: Potomac Economics.02019 State of The Market Report. ERCOTa May 2020; Potomac Economics.02018State
of The Market Report. ERCOT;6 MISO. "FTR Market Results" Website; PIM. "Financial Transmission Rights." Website
CAISO. 0CRR Market Analysis Report. Market Analysis and Forecasting. 6

It is also interesting to examine the relationship between the FTR market size and financial
forward markets. Based on data compiled from the ICE platform, PJM has the largest volume of
financial futures transactions of any ISO/RTO with FTR markets in North America, as shown in

Figure 48 LEl employedthec oncept of a o0churn rated to assess

churn rate captures the volumes traded in the futures market relative to the throughput on the
transmission system or total annual consumption .143 The churn rate is one of the analytica tools

143The futures traded (across hubs and contracts) are taken from data provided by ICE, while the total annual electricity
consumption figure is reported by each RTO/ISO or the respective IMM.
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used to measure forward markets' effectiveness and state of competition44 A higher churn rate
generally suggests greater liquidity and competition in the forward market. The relatively higher
liquidity of P J M3 s marketis veflectet in itschurn rate of 2.88x in 2019 (the highest among
all the RTO-administered power markets).

In addition to the churn rate, every futures trade reports the associated open interest, which is
the number of outstanding FTR futures contracts held by mark et participants. As shown Figure
48, PJM had the highest open interestat $459 million in 2019145

Figure 48. Estimated churn rate based on future volume traded on ICE across US power

markets
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Total Load (2018) (TWh) 791.09 11916 161.13 22046 376.24 692.18 259.65
Futures Traded (2019) (TWh}) 2,223.50 228.09 231.33 22896 291.56 188.96 5.03
Total Load (2019 (TWh) 77193 155.55 155.55 21496 383.55 67741 258.63
Total Open Interest (2019) ($ million) 459.40 61.66 65.07 45.99 4310 53.75 244

Source: Intermntinental Exchang e ( 0, ILET &alysis.

7.3 Initial allocation of transmission rights (or the ARR allocation process)

There are significant differences in the property rights systems across the case study market and
how they are allocated to load. ERCOT and CAISO have single property rights (CRRs), while
MISO is the only one that has dual property rights (ARRs and FTRs), similar to PJM.

“0xford I nstitut e Hufopeddtradedgas hidbs: andipdated.analysis on liquidity, maturity and
barriers to maMaye®@l7.i nt egrati on. 0

145 The openinterest for the futures traded for the ISOs were reported by ICE.
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ARRs in MISO can be acquired through the annual ARR allocation process or a network upgrade,
like PIM. Four types of entities are entitled to hold ARRs: (i) firm point -to-point customers, (ii)

network integrated transmission service customers, (iii) grandfathered agreements, and (iv)

multi -value projects ("MVPs"). This is similar to the qualifications in PIJM to hold ARRs. 146 Like
PJM,ARR holders in MISO have the option to hold onto the ARRs or self-schedule into the annual
FTR auction ("convert" the ARRs to FTRs).MISO and PJM use a reference year for thenitial

allocation of the transmission rights . As the practice in PIM, MISO's qualified A RRs are defined
based on generation to load paths. Although MISO and PJM have ARR obligations, the ARR
classes offered are not the same. MISO provides peak, ofpeak, and seasonal ARRs (summer, fall,
winter, and spring), while PJM only off ers 24hour ARRs. PJM should explore giving load

flexibility to nominate seasonal and time of use ARRSs.

MISO's ARR allocation is conducted yearly and involves three (3) stages with arestoration stage
between Stage 1A and Stage 1BLike PJM, MISO has Stags 1A, 1B, and 2. However, unlike in
PJM's system, ARR holders in MISO's Stage 1A can nominate up to 50% of peak usagé?In PIM's
system, ARR holders cannot go beyond the baseload4s in Stage 1A (and up to 50% of the
gualifying transmission service reservati on MW level for firm point -to-point customers). Based
on data anal ysi s, thep8akad provides asdmewhdt Bigher imount of
capacity than PJ MbStagb BBsnddbtroPdM's addavilSO's $ystams are the same
where ARR holders could nominate up to their peak load less the awards in previous stages.The
processes in Stage 2 are not the same between PJM and MISO. MISO determines unallocated
ARRs and assigs the right to receive excess FTR auction revenues in Stage 2 on the shard each
market participant's unallocated ARRs over total unallocated ARRs, while PJM's Stage 2 involves
three (3) rounds where the load can ask for ARRs from any generation, bus, hub, zone, or
interface. In summary, MISO offers LSEs an opportunity for more flexibility in the ARR classes
and a slightly higher volume of entitlements relative to the size of load in Stage 1A. In contrast,
PJM offers more choice in Stage 2, albeit it locks in specific paths and quantities for the entire
year.

CAISO and ERCOT do not have an equivalent to PIM's ARRs. CAISO allocates their version of
the FTR product (CRRs), and then it is up to LSEs to sell tle assigned CRR in the CRR auction or
hold onto the CRR and receive the associated congestion charges from the dayahead eneigy
market. ERCOT directly allocates the auction revenues from the sale of CRRs to LSE$4°LSEs can
still purchase CRRs in the auction, but they are not given for "free" to most LSEs.

146 PJM has the incremental ARR. This is discussed in Appendix C (Section11.1.3.
147MI SOds peak Il oad is defined as the maxi mum | oad for the | as

148 Basebad is defined as the minimum of daily peak loads for each transmission zone from previous year , inflated by
one yeards projected |l oad growth.

1499Thereis one exception.Nonopt i n Ent i t i e salldcaieN $dindECGRRYIN ERCQ@T atadigcount, to réect
grandfathered arrangements that existed before the market opening. NOIEs consist of municipally owned
utilities, electric cooperatives, and River Authorities. Typically, NOIEs either own a generation resource, or
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7.4 FTR auctions

There are more similarities than differences in the FTR product and auction design across the
three case study markets and PJM. For example, all four markets use pathbased (point-to-point
construct), and the FTR instrument is settled against day-ahead energy market congestion as
measured by "CLMP" or equivalent between the sourceand sink points. All four RTOs/ISOs host
auctions for the sale of FTRs (or equivalent product). The auction proceels are refunded to load.
The differences in the FTR mechanismsacross the three case study markets and PJM relate to the
details 0 like the FTR classesand the number of rounds in the FTR auctions, as shown in Figure
49 below. Generally, PJM has the most rounds in its auctions and, with the exception of ERCOT
off-peak classes, the most chisses and typ es of FTRs. And PJM is the only market to offer long -
term auctions. Some stakeholders during the FGDs mentioned that this is one of the advantages
of the PJM market.

FTR holders in both PIJM and MISO can bid any path combination of generation, aggregate, hub,
zone, interface, and load obligations. FTRs in both MISO's and PJM's systems are considered
obligations, although there are selected paths in PIJM that are also available as FTR optiong50Like
PJM, MISO allows for the gen-to-gen path; the only restricti on is that the source and sink should
not have the same bus. ERCOT has fewer biddable points than MISO and PJMthese biddable
points comprise resource nodes (similar to generation), load zones, and hubs. FTRs include both
obligations and options in ERCOT. CAISO has the most constraining set of pathsoffered to LSEs
and market participants. Since 2019, to reverse the state dERR revenue insufficiency, CAISO has
limited the number of available paths through the CRR auction to only delivery pat hs (comprised
of source and sink pairs assocated with supply delivery to load) . It is also interesting to note the
impact of the changes in the CAISO CRR market. A year after the implementation of the CRR
revenue sufficiency improvement process, CAISO's auction resulted in a contraction where the
CRRsclearedat auction declined by 57% in 2019, and net auction revenues dropped to $63 million
in 2019 compared to an average of $83 million in 2017 and 2018. As reported by the Department
of Market Monitoring( 6 DMM¢6 ) , £tétdl WI0nde of CRRs fell from approximately 792,000
MW to about 470,000 MW 151 CAISO's experience raises the possibility of negative consequences
of reducing FTR auctions paths.

have a long-term contractual agreement for annual capacity and energy from specific generation resources or
have a long-term allocation from the Federal Government for annual capacity and energy produced at a
federally -owned hydroelectric generation resource.

1Al t hough consi deanma,dTiRn odit $0&s mre still not available to ma
and ARR Business Practices Manual BPM-004r 21 . 6 June 2020. Section 3. 7. p. 14

151 CAISO. 62019 Annual Report on Market Issues and Performance6 June 2020. p. 226.
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Figure 49. Comparison of FTR (CRR) auctions

I CAISO ERCOT MISO PIM

Auctions A Annual A Annual A Annual A Annual

A Monthly A Monthly A Monthly A Monthly
A Long-term

Annual A 1round peryear after A 1 round A 3rounds of 8 independent A 4 rounds (25% awarded in
auction # of the annual allocation auctions each round)

rounds process A Round 1: 1/3 of all capacity A Awarded FTRs may be sold

A Round 2: 50% of remaining in later rounds
A Round 3: All remaining

Annual A Seasonal (or quarterly) A Peak weekday (5x16), peak A FTR obligationsdpeak, off- A FTR obligations/ options 8
auction CRR obligation , peak weekend , off-peak peak and seasonal peak, off-peak, and 24-hr
products and off peak

Monthly A Residual CRRs A 1 round every month A Residual FTRs after annual A Residual FTRs after long-
auction#of A 1 round every month A 1round term and annual auction
rounds after monthly A 1 round

allocation process
Monthly A Monthly CRR A Obligations/options A Offers the possibility of one or A FTR obligations and options
auction obligation, peak, and off A Peak weekday (5x16), peak multiple seasons/months, for peak, off-peak, and 24-
products peak weekend (2 x 16), off-peak each of them allowing FTRs hour
(7 x 8), 24hour obligations for peak and off -
peak

Long-term A None A None A None A Five rounds where 20% of
auction # of available FTR is awarded in
rounds each round

Long-term A N/A A N/A A NIA A FTR obligations for peak,
auction off -peak, and 24hrs
product A 1-year term
Note: In ERCOT, the annual auction is the long-term auction.

Lastly, it is important to note that there is no forfeiture rule in ERCOT and MISO. Indeed, MISO

had a market manipulation event 152 with one market participant a few years ago but never
instituted an automated forfeiture rule like PIJM & opting for more active monitoring by the IMM.

CAl SO has a similar rule to PJM6s FTR Forfeiture
Back Rule). The CRR Settlement Rule triggers when the flow impact ofa CRPBRolil er 0 se ent i
virtual award portfolio exceeds 10% of the flow limit for each transmission constraint. When this

happens, the CAISO adjusts the CRR revenues. The 10% threshold is the same as PJM. However,

unlike PJM, CAISO does not have the $0.1FTR Impact Test that PIM imposes and which several
participants were concerned about. In addition, CAISO is different because it provides its
participants with information such as (i) DFAX for each constraint that binds in the day -ahead

and real-time market withi n three calenda days of the market day and (ii) transmission limits

152The FERC held a high-level investigation on the alleged FTR market manipulation by Louis Dreyfus Energy Services
in 2014 due to its virtual supply and virtual demand trades, which artificially increased congestion around
the Velca node in North Dakota fro m Novemb er 2009to February 2010. FERC ordered LDES to pay MISO a
fee of $3.34 million plus interest and pay a civil penalty of more than $4 million. See Appendix E (Section 14.3
for more information.
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for all constraints in the day-ahead and realtime markets.153 These are useful data and
information for the participants to be able to monitor and modify their behavior. 154

7.5 Key findin gs

While thereareunigue f eatures in the three | SOs/ RTOs
to PJMOs Asododinmn BERCOT, direct allocation of auction revenues will not work as
effectively in PIJM because of the number of zones and the comlexity of bilateral agreements for
load and generation in PIM. Also, the transmission rate design differs between these two markets;
ERCOT uses a socialized transmission rate approach, while PJM utilizes a zonal transmission rate
methodology. 155 While this approach works for ERCO T , itowi || not be o
for PJM to do away with ARRs and simply distribute FTR auction revenues on a pro -rata load
basis, as zonal transmission revenue requirements vary. Therefore, this will result in different
payment burdens for LSEs. Moreover, eliminating ARRs would take away a valuable property
right for load, as discussed in Section 6.

Also, reducing the number of FTR paths, as was recently instituted in CAISO, is not likely to
benefit PJM LSEs in the long run, as it impedes the achievement of Purpose #2, which is to support
the forward markets. As discussed in greater detail in Appendix F ( Section 14.1), CAISO has
narrowly defined its CRR market design scopeto exclude Purpose #2. Furthermore, as mentioned
earlier, utilities in CAISO are not dependent on a market -basedinvestment signal because of the
integrated resource planning. A less liquid forward market can be compensated for using long -
term contracts under the RFO process. Fewer paths would also mean reducing the FTR auctions'
efficiency, which would undermine the use of ARRs, in addition to distorting the forward
markets. Lastly, reducing the number of FTR paths would not be beneficial in PIJM because low
auction revenues would mean more congestion charges would be picked up in surplus
congestion. The surplus congestion would then be allocated based on a system of preset rules
rather than market valuations of the various ARR/FTR paths, which may not be as equitable or
efficient.

Nevertheless, some elements from other RTOs/ISOs could be considered as potential
enhancements. PJM can introduce more granular ARR products such as peak and offpeak and
seasonal designations, as done in MISOThis may allow for more A RR allocation because of the
various network model conditions that would be considered, specific to each t ime period and

season. Furthermore, PJM should reevaluate the forfeiture rule to ensure that it does not deter

183XO EnergyLLC. o0 Comp | OBnergy ovfs . X PJM I nterconnection, 6 April
154 |bid.

155 Texas Public Utility Regulatory Act §35.004(d) <
https://www.puc.texas.gov/agen cy/rule snlaws/subrules/electric/25.192/21080adt.pdf >
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https://www.puc.texas.gov/agency/rulesnlaws/subrules/electric/25.192/21080adt.pdf

market participants from conducting vir tual transactions and is not indiscriminately punishing
market participants that conduct legitimate hedgin g activities.
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8 Recommendations for exploring changes to the current design (Task 5)

Key takeaways

1 PJM and stakeholders should focus onimproving the equity -related aspects of the current
ARR/FTR design, while striving to preserve the efficiency-related features. Equity-
related enhancements should focus on the ARR allocation process.

o PJM should explore alternative ARR allocation processesin lieu of the current
historical gen-to-load paths.

LSEs should be able to nominate other biddale points during the ARR allocation
processand have additional flexibility in self -scheduling ARRs.

PJM should also consider introducing more granular ARR products (for example,
sub-annual periods), and permit LSEs to self-schedule an ARR for a subperiod of
the year (in the monthly or in the long term FTR auctions). These changes should
improve the equity outcomes, especially between LSEs, as well as reducethe
leakage.

In respect of the FTR auctions, PJM should make only minimal changes.

o The current set of auctions should be retained, as well asthe full set of biddable
points.

PJM should modify the rules for clearing FTR options, and revisit whether the
FTR forfeiture rule is effective.

o PJM should continue to monitor activit iesin the FTR auction and competition.

Lastly, PJM could further enhance its documentation around the network model,
including potentially a periodic independent review of the network model and key
assumptions.

Based on our qualitative and quantitative analyses, LEI finds that the path-based, dual property

rights system should be retained because it creates value to load and supports various commercial
arrangements, as discussed in great detail inSection 6. LEI finds the current FTR auction design

reasonable and generally achieving the intended purposes, and therefore, only minimal changes

to that mechani sm are necessary at this ti me. L |
primarily focused on the ARR construct.

8.1 Path-based construct supports commercial arrangements and price discovery for
forward

The original rationale for using a path -based construct remains valid. The current path-based
construct should be retained, as the alvantages outweigh disadvantages, as discussed in Sectin

106
London Economics International LLC
717 Atlantic Avenue, Suite 1A
Boston, MA 02111
www.londoneconomics.com



6.4. Moving away from the current path -based construct may undermine achievement of Purpose
#2.

8.2 Dual system of property rights benefits load and should be retained

The dual system of property rights currently used in the ARR /FTR mechanism should be
retained as it creates significant value for load. We have outlined the advantages and
disadvantages of the current design extensively in Section 6.5. Notably, some of the negative
effects of the ARR/FTR construct can be lesened with reforms to the ARR allocation process.
Therefore, LEI recommends PJM retain the current dual system of property rights in the
ARR/FTR mechanism.

8.3 ARRs allocation process needs to evolve

The main issues related to the currert ARR/FTR me chanism identified in Section 6 are related to

inequity between LSEs when congestion charges are allocated to load, and the disconnect
between ARR paths and FTR paths (which may have contributed to larger amountsof 6 | eak age 6
historically). These issues can be addressed (and negative consequences for load diminished) by
adjusting the ARR allocation process.

LEI has suggested a series of enhancements to address the main issues; the enhancements are
inter-related and therefore should be consi dered as a Opackaged as muc
recommended enhancements to the ARR allocation process include:

1 finding common ground among PJM stakeholders on what is an equitable allocation of
congestion charges between LSEs;

1 examining in detail past setlements to track down sources of congestion charges

9 prioritiz ing increasing network capacity allocated to load in the ARR process, including
allowing load to nominate outside -its-zone source points at earlier stages of theallocation
processand allowing load to nominate non-traditional ARR paths ; and,

9 focusing on equity principles and actual system use when adjusting the ARR allocation
process.

8.3.1 PJM and stakeholders should find common ground on what is an equitable allocatio n
of congestion charges among LSEs

While one of the main purposes of the ARR/FTR mechanism is to return congestion charges
collected by PJM back to load, a number of details regarding this purpose have not been clearly
defined. The main unanswered question is equity: how to return congestion charges to load fairly
and impartially? This is fundamental to Purpose #1 of the ARR/FTR mechanism because if
congestion charges are returned to load in an unjust (or arbitrary) fashion, even if 100% of
congestion charges are raurned to lo ad, the distribution of those congestion charges between
LSEs may not be equitable.
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There is some subjectivity in the definition of equity. Indeed, the concept of equity may be

different, depending on whose perspective is taken. In the case & equitable distributi on of

congestion charges, the appropriate lens is that of load. LEIl is not in a position to provide a
recommendati on of what is the o0rightoé way to all o
stakeholders to develop principle s on equitable congesion charge allocations between LSEs.

However, LEI can suggest a starting point for discussion and potential allocation principles for

stakeholder consideration. For example,

1 Given overpayment by load is related to LMP diffe rences, t will be im portant for PJM to
be able to identify who has paid congestion charges and how that relates to the use of the
transmission system and congestion on the system. This information may be useful in
developing alternative ARR allocation pr ocedures.

1 Furthermor e, since bad pays for the transmission network through regulated tariffs,
surplus remaining after ARRs and FTRs are fully funded could be allocated to load based
on pro-rata transmission revenue requirement paid.

1 Alternatively, in ERC OT, CRRs are allocated based on load share. In PJM, each
transmission zone has a different transmission tariff and therefore contributes to the
upkeep of the transmission system in a manner that is not strictly based on the size of its
load. Therefore, allocation of ARRs on the basis ofload shares would not be advisable.
However, allocation of surplus congestion 4 if it arises due to greater overall use of the
transmission network - could be allocated based on a simpler load share metric.

8.3.2 PJM should exami ne in det ail past settlements t o identify sources of congestion charges

One observation arising from LEI &ds analysis of <co
including entities that only trade virtual transactions, have a CLMP component on the ir invoic es.

As such, both load and non-load customers have congestion credits or charges associated with

their invoiced amounts. During this study's data collection phase, PJM provide d LEI a zonal

breakdown of congestion payments collected, grouped into a 01l oaad a-lwadd

classific at i on. Whil e all congestion payments coll ecte
zonall designati on, the | ocational char adtoerdiost i ¢
congestion payments were unspecified for a significant portion of congestion charges, as

presented in Figure 50.

LEIl recommends that PJM enhance its processing of the settlements to track the locational
characteristics for congestion payments in more detail. This will allow easier application of equity
principles around the distribution of congestion payments between LSEs and between load and
non-load entities.

108
London Economics International LLC
717 Atlantic Avenue, Suite 1A
Boston, MA 02111
www.londoneconomics.com



Figure 50. Day-ahead and balancing congestion collected by PJM with and without zonal
assignment
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Source: LEI analysis based on data provided by PJM staff

8.3.3 Increasing network capacity allocated in ARRs should be a priority

In Section 6, LEI identified two main observations in the existing ARR/FTR mechanism that
raised equity issues regarding the allocation of congestion charges between LSEs.

First, not all congestion charges collected by PJM have been returned to load. In fact, a significant
portion of congestion charges are not allocated to load through the ARR allocation process ard

rely on other channels to be paid to load (such as surplus alloation). This is evidenced by the

findings that even if all load self -scheduled their ARRs, load would have only received 72% of

day-ahead congestion charges PJM collected in recat years (68% if we look back over six

planning years, before PJM allocated ARRS less conservatively after the market rule change).

Second, surplus allocation does indeed contribute to a material share of congestion returned to
load. In the past two planni ng periods (2018/19 and 2019/20), surplus allocation contributes 18%
and 21% respectively of total congestion charges returned to load. This is an issue because surplus
allocation is based on the pro-rata positive value ARR target allocation, and some LSEsmay have
been allocated more positive-valued ARRs than others because of theavailable ARR paths in their
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zone (therefore, they may get a larger share of the surplus congestion). This creates an equity
issue between LSEs.

To improve the ARR/FTR mechanism's equity, LEI recommends increasing the nodes available
to load to nominate dur ing the ARR allocation process. This could be achieved by:

9 allowing load to nominate outside -its-zone source points at earlier stages of the allocation
process based on updated surce-to-sink path menu (further discussed in the next sub-
section); and,

9 allowing load to nominate non -traditional ARR paths, such as gen-to-gen paths or gen
to-hub paths, or hub-to-hub paths.

Some may question the wisdom of this approach, and specifically why LEI i s seeking © increase

ARR paths (rather than reduce FTR paths). LEI1 6 s preference for all owing
ARR process is based on expected efficiency benefits from leveraging market mechanisms instead

of rules-based allocation method. Once load has been awarded a set of ARR paths, load has the

ability to tr ade these ARRs in the FTR auction. Market mechanisms are more dynamic and

adaptable to changes in market conditions, and results from the market-based allocation (i.e., FTR

auction) will yield efficient price signals, supporting Purpose #2 of the ARR/FTR m echanism.

As concluded in Section 6, the current suite of FTR auctions appear to be functioning reasonably
well. The auctions are efficient and there is a wide span of evidence that the auctions support
forward market activity. Experience from CAISO shows that when the choice of FTR paths is
reduced, FTR auction revenues may be negatively impacted - this is an undesired effect as it
pushes more of the congestion charges into the surplus allocation process.

It should be emphasized again that regardless of how the ARR and FTR mechanisms are
structured, the amount of congestion charges that PIM collects (and should distribute out to load)
does not change. Thissize is purely driven by spot (day-ahead and reaktime) energy market
operations and network conditions. Reducing available FTR paths without increasing ARR path
choices would only exacerbate equity issues among load as this approach increases thehare of
surplus to be allocaed relative to congestion charges returned to load, or in other words,
increases reliance on rulebased allocation. In contrast, increasing choice of ARR path may reduce
leakages by allowing load to take greater risks (and therefore retain more of the net profits from
the FTR auctions). It may also reduce theshare of surplus allocated.

In summary, while increasing ARR path choices and reducing available FTR paths may both

increase the share of total congestion returned to load, thefirst optio n achievesthis by allowing

more of the under-allocated network capacity, auction revenue, and congestion charges (these

three items are inter-linked) to be distributed to load through market mechanisms. In contrast,

the second option aims to achieve the same goal by reducingnon-l oad6s participati on
market and therefore reduce the opportunity for profits. This may cause cascading problems in

the forward market (loss of liquidity) and would increase reliance on the rules -based allocaion

of surplus to load.
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8.3.4 Alternatives to allocating ARRs should be based on equity principles and actual system
use as much as possible

Intheory, self-schedul i ng ARRs would be the preferred opti
against congestion risk, if they wer e assignedan ARR that matches their bilateral contract.

However, we observe that over the past six years, only approximately 30% of the ARR capacity
has been converted to FTRs through selfscheduling.156 This implies that load has been more
willi ng to take a fixed payment in exchange for foregoing rights to uncertain congestion charges
in the day-ahead energy market, based on the ARRs allocated. Another implication is that
historical gen-to-load paths allocated to load are not as relevant to LSEs(vis-a-vis its bilateral
arrangements).

PJM should conduct a periodic review of actual system use to identify meaningful and relevant
ARR paths for load. It is important that the ARR allocation mechanism allow LSEs to nominate
paths that are aligned with their needs in earlier stages of the ARR nomination process.
Alternatively, or in conjunction with this periodic review, load can also voluntarily provide
bilateral contract information to PJM so that contractual arrangements are factored into the initial
menu of ARR paths available to each LSE.

While it would not be sensible to force load to self -schedule the ARRs, we can expect load to sel

schedule more of its ARR capacity, if the ARR paths are better aligned to actual energy flow and

the bilateral contracts they are holding. An increase in self-scheduling, coupled with increasing

the choice of ARR paths that load can nominate, would likely result in more network capacity

being valued through the FTR auctions, and more of the congestion charges being retirned to

load would fl ow through the FTR target allocation instead of through ARR target allocation. The
combined i mpact is |l ess oOleakage, 6 and fewer co
distributed through surplus allocation.

8.4 ARR holders should have more flexib ility in se If -scheduling

As discussed in Section8.3.4 the share of ARR paths that are seischeduled is small. On top of
the reasons related to the mismatch betweea current awarded ARR paths and actual system
usage,another potential reason for observed low levels of self-scheduling is that the current self-
scheduling opportunity is too restrictive.

Under the current market rule, ARR holders can only choose to self-schedule during the annual
FTR auction, and for the most part they are limited to being a price taker in the FTR auction when
they self-schedule. ARR holders have no option to only self-schedule for part of the planning
period, nor can they effectively rationalize between the decision to hold onto an ARR or self-
scheaule (a limit order feature in the FTR auctions can address this concern).

156 More details presented in Appendix E (Section 13.5).
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As our statistical analysis on annual and monthly FTR auction has shown, monthly FTR auctions
may have better predictive power on prompt month congestion than annual auct ions. At the
same time, the level of congestion (and uncertainty on the level of congestion) differs by month.

The same applies for onpeak and off-peak time periods.157Since the risk appetite ofload in taking

a fixed or variable congestion charge is not necessarilybinary, some load may want to only hedge
their congestion risk in specific months or time periods through self -scheduling and choose to
receive a fixed payment (associated with holding onto ARRS) in other months. Therefore, LEI
recommends exploring changes to the ARR process that would allow ARR holders to self -
schedule during monthly auctions and/or allow ARR holders to self -schedule only in particular

months during the annual FTR auction.158

The current self-scheduling process is also restrictive to load as the only decision ARR holders

can make during the annual ARR process is how many MW of ARR they would like to self -

schedule. In other words, load has to decide to selfschedule befare they know the FTR auction

results. In theory, load can artificially cre at e iat 0bider 6 equi valent trad:e
counterflow bid in the FTR auction and at the same time self-schedule their ARR. In this case, if

the counterflow bid clears, it will offset the self-scheduled path, effectively creating the same

effect as a limit order. However, according to PJM staff, load rarely carries out such trades,

possibly because this option is not well known to ARR holders or such a strategy is considered

costly (due to additional trading fees/credit costs) or too r isky in case the counterflow trade

cannot be cleared for all four rounds of the auction. Therefore, LEI recommends PJM add an
explicit olimit orderd feat ur eelf-bcheduliyBréesh.ddadl er s t o
can benefit from a limit order en hancement by having more certainty over the tradeoff they are

making when deciding to the hold ARR versus self -schedule. This enhancement, combined with

allowing more granular self -scheduling of ARRs and opening up more nodes for load to nominate

during the ARR allocation process, could result in a more active ARR allocation process.

8.5 FTR auctions should be retained, including the long -term FTR auction

Based on our findings in Section6.7, LEI recommends the current set of FTRauctions beretained,
and rules regarding participation and biddable points remain unchanged.

LEI also suggests PJM and the IMM catinue monitoring the FTR auctions' competitiveness. If
there is evidence suggesting that load is systemically disadvantaged in FTR auctions or any

157For detailed statistical analysis on FTR auctionds predicti
Appendi x E (Section 13).

158 Allowing ARR holders to self -schedule specific months during the annual FTR auction may also require changes in
the products available in the annual FTR auction and enhancements to the marketclearing engine. This is
because for months where the ARR holder did not self-schedule in the annual auction, they require
corresponding FTR auction clearing prices to determine their ARR target allocations. However, if there is no
corresponding monthly FTR auction clearing prices because there are no monthly FTR products being
auctioned during the annual FTR auction, the mechanism would not be functional. Therefore, changes to ARR
self-scheduling flexibility would also require changes to the FTR auction design .
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specific types of paths, PJM and the IMM should identify the root cause of such disadvantages,
be it a market rule issue, a competition issue, or information asymmetries.

8.6 FTR auction clearing engine should be enhanced to prevent unde rpriced FTR
options

In Section6.11, LEI identified over 10,000 MW of FTR options sold in the past six planning periods
that can be deemed as underpriced.

The reason underpriced FTR options cleared is that the FTR auction engie employed by PIJM has

not required a specific premium for clearing F TR options. Based on PJ Méeofyanu al 0
two rules the auction engine follows when clearing FTR options are that the options clearing price

cannot be below $0/MW, and it cannot be b elow the clearing price of the obligation in the same

path.159

LEI recommends PJM enhance the clearing engine rule to require options clearing at a minimum
premium over $0/MW as well as minimum premium above the price of the FTR obligation for
the same path. The minimu m premium c ould be as simple as a fixed $/MW based on historical
observation of the expected congestion charges earned on the traded path or using a more
sophisticated options pricing approach such as a modified Black-Scholes model tailored for FTR
option s to calculate the fair option premium on each path.

8.7 Study whether forfeiture rule can be relaxed

Since the implementation of the current FTR forfeiture, $22 million of FTR target allocations have

been o0forfeitedd or 0 ca3farfeirrdk ederaschive happéhed permentha ge, 4
and more than 1,400 FTRmarket participant s (.e., entities) have been affected by the FTR

forfeiture rule. 160 This means that over 80% of FTR market participants have been impactedts!

FGD participants, including both load and non-load entities, had expressed concerns that the
forfeiture rule has been overly mitigative. This rule has forced market participants to choose
between FTRs or virtual transactions in the energy market. One stakeholder explained the
illogic al outcomes that the current FTR forfeiture rule by noting in the FGD session that virtual
transaction in a distant part of PJM affected the FTR target allocation of an FTR path in a different
part of PJM. Market participants may not have visibility into n etwork dyna mics that trigger such
a claw back. Therefore, they cannot adjust their offer behavior to prevent a claw back. The
deterrent effect of the FTR forfeiture rule is therefore not practical. Consequently, some market
participants have had to leave dther the virtual mark et or the FTR market to avoid being affected

159 PJM Manual 06 Section 6.2.
160 Based on data provided by the IMM.

161Based on data provided by the IMM, there are around 1,650 unique market participants (entities) in the FTR market.
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by the claw backs. Over time, this may undermine liquidity in the FTR auction or the virtuals.
Such anecdotal evidence indicates the FTR forfeiture rule may na be accomplishing what it w as
intended to do.

In our review of case studies in other RTOs, LEI found that ERCOT and MISO do not have any
forfeiture rule while CAISO has something similar to PJM, called the CRR Settlement Rule or
Claw Back Rule. However, there are differences between C A | $HQI0 sP Javditsre rdileo For
instance, PJM has the $0.01 threshold impact on the transaction to the target allocation, in addition
to the capacity threshold (greater of 0.1 MW or 10% or more)162CAISO does not have this; CAISO
only has the capadgty threshold. Moreover, in conjunction with the CRR Settlement Rule, CAISO
provides market participants with crucial information to monitor their own behavior. 163 These
materials include the DFAX for each constraint that binds in the day-ahead and reattime market
and transmission limits for all constraints in the day -ahead and reattime markets, both within
three calendar days of the market day.164 The availability of this data is important so that market
participants can rectify their trading decisions appro priately. 165

In summary, LElI recommends that the current FTR forfeiture rule is re-evaluated.
8.8 PJM should enhance its network model transparency

To improve satisfaction with the ARR allocation process and auction outcomes, LEI proposes
several improvements to the publicly released details and the network model's description. For
instance, MISO provides a network model manual that has a detailed description of the purpose,
data considered, and maintenance process, to name a few

Also, LEI recommends that PMM provide m ore detailed documentation of changes made to the
network model since the last public release, as well as document business practices and the extent
of manual adjustments that staff can make to the network model. Moreover, PJM may want to
consider retaining an independent transmission expert to independently review the network
model periodically (e.g., every 3 or 5 years). These will address the concerns of several
stakeholders with regard to the transparency of th e network model. The network mod el is used
to conduct SFTs in both the ARR process and in the FTR auctions. Therefore, the additional
transparency will assist with achieving both purposes.

2l n PJM, the forfeiture rul e i sualpartolipafectsadonstraird oy greatepcdG.1t | ci pant
MW or 10% or more of the | imit, and that constraint i mpa

13X O Energy LLC. o0Complaint of XO Energy L-RO2A1-@0 Aprill8l2026.g under
p. 50.

164 ]bid.

165 |bid. p. 4.
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9 Appendix A: Numerical example o f how congestion charges arise

This numerical example is intended to show how congestion charges arise. In this simple
example, we have three load zones: zone A, B, and C, with LSEs and generators located in each
Zone.

The fact pattern for this example includes the following:

9 The demand for Zone B and Zone C is 50 MWh ech, while the demand in Zone A is 20
MWh.

1 Generators A, B, and C have different capacities (100 MW, 50 MW, and 50 MW,
respectively) and different short-run marginal costs ($50/MWh, $60/MWh, and
$70/MWh, respectively).

9 There are two transmission lines, one between zone A and B, and another between Zone
A and C. The A-B line has a 20 MW transmission limit, and the A-C line has a 30 MW
limit. For simplicity, we assumed there are no marginal losses.

Figure 51 lllustration of a 3 -zone system with congestion

Zone B Demand: 50 MWh Market result
Generated: 30 MWh
Imported: 20MW h

LMP: $60/MWh

Zone A Demand: 20 MWh

Generator B:
Capacity: 50 MW
Marginal cost: $60/MWh

Energy components

Limit: 20 MW
Generator A:

Capacity: 100 MW
Marginal cost: $50/MWh

LSE B pays:
$60/MWh x 50 MWh = $3000

Market result Generator B receives:
Generated: 7OMWh Load Energy : $62.5/MWh $60/MWh x 30 MWh = $1800

o weighted Congestion: $2.5/MWh

LMP of

LSEA pays: $62.5/MWh
$50/MWh x 20 MWh = $1000

i

Zone C Market result

Demand: 50 MWh Generated: 20 MWh

Generator A receives:
$50/MWh x 70 MWh = $3500

Generator C: Imported: 30MW h
Energy components Capacity: 50 MW LMP: $70/MWh
Energy : $62.5/MWh Limit: 30 MW Marginal cost: $70/MWh
LSE C pays:

© i 12.5/MWh
ongestion $ $70/MWh x 50 MWh = $3500

Energy components
Energy : $62.5/MWh Generator C receives:
Congestion: $7.5/MWh $70/MWh x 20 MWh = $1400

System operations, based on the ¢ast cost principles, results in the following outcomes:

1 Generator A, as the lowest cost generator is dispatched to meet the demand for all three
zones, subject to transmission limit d which means it generates 20 MWh to meet demand
in Zone A, 20 MWh deliv ered to Zone B, and 30 MWh delivered to Zone C, totaling 70
MWh.
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1 Generator B and Generator Care also dispatched to meet the amount of residual load in
their local zone as the transmission from Zone A is not enough to meet Zone B and Zone
Cb6s | oc adie.dzenad and C areimport constrain ed.

1 Therefore, Zone A, B, and C all have different locational marginal prices of $50/MWh,
$60/MWh, and $70/MWh , respectively.

Figure 52 Funds ISO collected and disbursed in the 3 -zone example

ISO collected from load : ISO paid to generators :
Load A: $1,000 Gen A: $3,500
Load B: $3,000 Gen B: $1,800
Load C: $3,500 Gen C: $1,400
Total:  $7,500 Total: $6,700

ISO collected from load 6 1SO paid to generators = Congestion charge

$7,500 - $6,700 = $800

During settlement, load pays their demand times the LMP, and the generator gets paid the
amount they generated times the LMP. As shown in the figure, the ISO collects more from load
than they paid to generators, resulting in an overpayment of $800. Overpayment is the difference
between what load pays to the ISO and what the 1ISO pays to the generators due to the LMP
construct with congestion. This difference is the congestion charge.

Now we move ontowhatcustomer s see in the bill they receive fr
as illustrated in Figure 53. The reference bus price, defined as the weighted average LMP of all

three zones,166is $62.5/MWh. Since the congesion component of the LMP (i.e., CLMP) is defined

as the difference between the LMP and the reference bus price, the CLMP ofzones A, B, and C

are $12.5/MWh, $ -2.5/MWh, and $7.5/MWh, respectively.

In the bill, a customer will see the LMP broken down by th e energy canponent and the congestion
component (and a marginal loss component, which is assumed to be zero in this illustration). The
energy component would be the same for all zones because it is defined by the reference bus
price. The congestion component in each zone would be different as the LMP for each zone is
different. Each customersdbill will identify the energy consumed or generated; these volumes
drive the calculation of the energy charges and congestion charges (energy consumed generated
X energy price, and energy consumed/generated x congestion component), as shown in the tables

166 There are multiple ways to define a reference busd it is an arbitrary construct for the purpose of dissecting the LMP
into multiple components.
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below. If the congestion charge component for all loads and generators is added up, it totals $800

oprecisely the

amount

of

ooverpaymentoé

of

congest.i

Figure 53. lllustration of individ

ual

cust omer dznekxarhples i

Load A bill Generator A bill

Total: $1,000

Energy : $62.5/MWh
Congestion: $12.9MWh

Energy consumed: 20 MWh
Energy charge: $1,250
Congestion charge: $250

Energy : $62.5/MWh
Congestion: $12.5MWh

Energy consumed: -70 MWh
Energy charge: $4,375
Congestion charge: $875
Total: $-3,500

Total: $3,000

Load B bill

Energy : $62.5/MWh
Congestion: $2.5MWh

Energy consumed: 50 MWh
Energy charge: $3,125
Congestion charge: $125

Generator B bill

Energy : $62.5/MWh
Congestion: $-2.5MWh

Energy consumed: -30 MWh
Energy charge: $1,875
Congestion charge: $75
Total: $-1,800

Total: $3,500

Load C bhill

Energy : $62.5/MWh
Congestion: $7.5/MWh

Energy consumed: 50 MWh
Energy charge: $3125
Congestion charge: $375

Generator C bill

Energy : $62.5/MWh
Congestion: $7.5/MWh

Energy consumed: -20 MWh
Energy charge: $1,250
Congestion charge: $150

Total: $-1,400

n

t

he

3
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10 Appendix B: Overview of the ARR/FTR evolution

PIJM6s FTR and ARR mechanisms were established
over the years have evolved the mechanisms, specifically as it relates to settlement rules and
arrangements for allocating ARRs and trading FTRs. However, original conceptual basis for the
ARR/FTR design has remained unchanged. To evaluate the current mechanisms, LEI researched

the ARR/FTR market design evolution. This Appendix details the critical changes in ARRs and
FTRs since inception.Figure 54 and Figure 55 highlight the key milestones in the development of

PJ M6 Rs an@RFTRsfrom the | ate 1990s to 2020.

Figure 54. Key changes to the FTR mechanism

April 1999 May 2006 September 2016
PJM Introduced the PJM introduced PJMreallocated
Monthly FTR Auction Balancing of Planning balancing congestion
Period (BOPP) FTR costs to reattime load
Auction and exports

— |
g i

PJM implemented the PJM introduced: PJM implemented the PJM shifted payment

LMP market and ARR allocation process, Long Term FTR of surplus congestion

introduced the FTR Annual FTRAuction, Auction from FTR holders to
product and FTR Options ARR holders

Figure 55. Key changes to the ARR mechanism

November 2006 February 2017
PJM gave priority right to load, by PJM removed and replaced retired
ensuring load could acquire (and dgrated) source nodes when
sufficient ARRs for up to 10 years. allocating Stage 1A and 1B ARRs

Stage 1 was split into 1A and 1B.

August 2007
PJM introduced: PJM introduced
ARR allocation process, Residual ARRs

Annual FTR Auction,
and FTR Options

Source: FERC Orders, 19972018

10.1 Initial years

On April 1, 1998, PIM implemented the LMP spot market system and introduced FTRs. At that
time, FTRs settled against the realtime energy market, as the day-ahead energy market was not
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introduced until 2000. Initially, FTRs were directly allocated to firm transmission service
customers based on their specific reserved source and sink points of energy delivery.167

As discussed in Section3, the need for FTRs aroseout of the decision to move to LMP -based spot
markets and the FERC mandate toopen access tothe transmission system. Market designers
selected the LMP design for spot markets because it ensured efficient use of the transmission
system and therefore created effcient production and consumption decisions in the spot market.
However, market designers and regulators recognized that LMP markets would not replace
existing commercial arrangements. Bilateral trading and forward markets would continue, and
the LMP system would need to be able to work collaboratively with those commercial
arrangements. Forthat reason, a path-based (or point-to-point) system was selected for FTRs.

On April 13, 1999, PJM implemented a monthly auction for FTRs. The purpose of the auction was
to allow market participants (even non -LSESs) the opportunity to acquire residual FTRs, and also
provide an opportunity for firm transmission service customers to sell their FTRs (that they had
been directly allocated).is8 In summary, the monthly auction p rovided an easy way for LSES to
reconfigure their portfolio of FTRs. 10 This change recogrized the theoretical importance of
trading property rights. 17

The following year, on June 1, 2000, PJM introduced the dayahead energy market7 The day-
ahead energy market allowed participants to enter financially -binding purchase or sale of energy
one day ahead of the real-time market. Day-ahead energy markets also used the same LMP
system as was already in use in the realtime energy market. Any differences between the day-
ahead and reaktime prices would now be settled through energy imbalances. 172The FTR product
definition was revised to settle on the congestion components from both the day-ahead and reat
time energy prices to complement this new system.173

167 FERC. Federal Energy Regulatory Commission. 81 FER(]61,257 Washington D.C., 2001.p. 35

168FERC. Federal Energy Regulatory Commission. 87 FER(]61,054. Washington DC, 1999p. 2.

169]pid.

170 According to the Coase Theorem, the trading of property rights (with minimal transaction costs) can ensure an
efficient equilibri um, regardless of the initial allocation of property rights. Transaction costs and barriers to
trading can obstruct efficient outcomes. SeeRo b s o n, Al ex. S. Skaperdas. 0Costly
rights and t he Co ai €hedfyhJalp20@8,ol.36, Hoc 1o ppolf9128.

171 pJM Market Monitoring Unit. Monitoring Analytics, LLC.  oState of the Market Report for PIM6 2000. June 2001.

172|pid.

1731bid.
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10.2 Addition of ARRs

On January 10, 2003, PJM submitted a filing to FERC, proposing to create a nevproperty right &
namely ARRs. In this filing, PJM also proposed implementation of an ARR allocation process,
introduction of an annual FTR auction and addition of FTR options to the current FTR obligation
product. 174 PJM noted that these changes were requeted by PJM cudomers. There were three
goals for introducing ARRs: (1) provide greater liquidity for the FTR market, (2) improve on the
efficient allocation of scarce FTRs, and (3) create additional options for customers to hedge
congestion risk.175

On March 12, 2003, FRC offici al | y accept ed PJngdad 2003, PIMiintralyceda nd o n
ARRs, which replaced the original FTR allocation process. Unlike FTRs, whose value is linked to

the realized congestion in the day-ahead energy market, ARRs derived their basic value from th e

FTR auctions, which reflects market expectationsabout congestion in the day-ahead energy

market. The ARR mechanism isfurther described in Appendix C ( Section11.1).

10.2.1 Long-Term Transmissi on Rights and the revi sion to the ARR Stage 1 Allocation (2006)

In 2005, the Feleral Power Act was amended to grant FERC the power to require public utility
transmission organizations to provide long -term transmission rights to LSEs.176 FERC provided
a set d guidelines to meet the long-term transmission rights, which are described in the textbox
below. In response to the FERC guidance, PJM revised the ARR construct to comply with the
F E R C 0 syeat trarrsmission right requirement. As such, PJM gave priority rights to load to
network capacity by ensuring that all load could acquire suf ficient ARRs for up to 10 years.177

To accommodate this guarantee, Stage 1 ARR allocation was split into Stage 1A and 1B, where
Stage 1A would allow PJM to determine if the ten-year ARRs would be feasble alongside all
other Stage 1A ARRs for the subsequenyears178 LSEs could request up to 50% of their baseload
levels in the prior year in Stage 1A, as described further in Appendix C (Section 11.13).

174 Note that Incremental ARRs (IARRs) were previously known as Incremental F TRs and were allocaed directly to
load. With the introduction of ARRs, Incremental FTRs were automatically reconfigured as IARRs in the 2003
FERC Order.

175PJM. PJM Interconnection LLC. Filing: ER061218000., Washington D.C., 2006.
176 FERC. 116 F.E.R.C. P61,077. Washingtdd.C., 2006.

177PJM. PJM Interconnection LLC. Filing: ER061218000., Washington D.C., 2006.
178 1bid .
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FERC guidelines to meet long -term transmission rights , est. 2005

=

Specify source, sink and quantity of the long -term transmission rights;

2. Provide long -term hedges against LMP congestion charges for a specified quantity and
period, which could not be modified;

3. Allow for the paying parties of transmission upgrades or expansions to receive long -
term transmission righ ts for their developments (subject to feasibility);

4. Provide long -term transmission rights that would matchorm e et L SEG®6s nee

their long -term power supply;

Grant LSE priority over non -LSEs for long-term transmission rights allocation;

Allow fo r reassignment of long-term transmission rights between loads; and

No need for recipients to participant in the auction to receive long-term transmission

rights.

8. Allocation of long -term transmission rights should balance the adverse economic impact

of participants receiving, and not receiving, the rights.

o g

10.2.2 Residual ARRs (2007)

OnAugust 13, 2007, FERC approved PJMOds request to
ARRs are directly allocated to load when new transmission capacity developed during the

Planning Period becomes availablel7#180However, it should be n oted that Residual ARR's cannot

be converted to FTRs, unlike regular ARRs, as they are allocated after the annual FTR auction.

The purpose of creating the Residual ARR was to remedy the ARR pathways that were prorated

during Stage 1 of the annual allocation process, becase of ST constraints.18!

Furthermore, potential transmission outages may also cause requested ARRSs to not pass the SFT.
As such, LSEs may instead receive a prorated amount of their ARR request in the annual
allocation. The addition of Residu al ARRs, oncetransmission outage constraints are ameliorated,

179PJM. PJM Interconnection LLC. Filing: ER071053000., Washington D.C., 2007.

180 Once Residual ARRs have been alloated, they would be available as regular ARRs in the following annual ARR
allocation process since the new transmission system would be includedinthes ubsequent versions o
network model. See J M Mar ket Monitoring Unit StatMafthe Maket RepagtfoAnal yt i c ¢
PJM, 200 . 6 HvBa 20@8.

181 SFT is further discussed in Section11.1
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is consistent with and enhances Purpose #1 of FTRs, by providing load with a priority right to
the network. 182

10.2.3 Reflecting retired generation in the ARR allocation process (2007)

On January 31, D17, FERC accgted PIMO s pr oposed change to remove an
derated) source nodes when allocating Stage 1A and 1B ARR$83 This change would ensure that
Stage 1 ARR allocations are reflective of the actuaresources that would impact energy flows on
the transmission system. Specifically, PJM replaced source points associated with retired
generators or generators that have reduced their installed capacity with an equivalent number of
MWs for operating generators, defined as Qualified Replacement Re s 0 u r QR&®® }3{QRRs
are identified on an annual basis (prior to the relevant planning period) and has to meet the
criteria of: a generation resource that has a determined installed capacity value for the delivery
year and is not presently identifie d as an ARR historical resource, pass a SFT, and to maximize
the economic value of ARRs18 Additionally, the QRRs should not increase the MW flow to
facilities in the current ARR allocation or future Stage 1A allocation. 186

This adjustment mechanism to the historical paths used in the ARR process was necessary

because PJM started to experience a wave of retirements in 2015 (as shown ifigure 56 on the

next page)!8’” and therefore the historical generation to load paths previously used for ARR

allocation wer e getting outdated and inaccurate of the actual transmission usage within PJM. 188

8This discrepancy between PJMds Stage 1 ARR allo
created several problems. First, the use of retired generation urces led to inaccurate results in

the SFT for Stage 1 ARRs. For example, a histora path that contained a retired generation source

could lead to the rejection of a new ARR request. However, in actuality, the transmission lines

were not overloaded, and the new ARR request ould have been feasible. The change resolved a

182 According to the State of the Market Report, 2019, PIM allocated a total of 26,262.6 MW of residual ARRs, down
from 31,554.6 MW in 2018. This amounted to an ARR target allocation of $11.7 million for 2019, and $15.3
million for 2018, respectively.

18FERC 156 F.E.R.C. P61,180. Washington D.C., 2016.

184FERC. 158 F.E.R.C. P61,093. Washington D.C., 201¥.33

188 FERC. 158 F.E.R.C. P61,093. Washington D.C., 20%¥.34.

186 |bid.

187|n 2015, there was four times more generation source retirements in comparisonto the previous year. The uptick of
generation source retirements made it a necessity to revise the historical generation to load paths for ARR
allocations.

188The histori cal reference year dates to 1999 or depending on when the transmission zone joined PM.

189FERC. 156 F.E.R.C. P61,180. Washington D.C., 2016.
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potential fairne ss issue for LSEs, since requests for nominating ARRs (that could have been
feasible) would have erroneously been rejected.

A disconnect between the historical source gereration and actual system usage could also lead to
an improper investment signal. For example, a market participant may invest in transmission to
relieve congestion; however, this investment may be unnecessary, as the retired generation may
have relieved network congestion and created headroom on the system. Ultimately, allowing for
more up-to-date ARR source points also improved the investment signal, supporting the
objectives covered by Purpose #2.

Figure 56. Total retirement of generation sources in PJM, on an annual basis
120
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Source: PJM. Generation Deactivations https://www.pjm.com/planning/services  -requests/gen-deactivations.aspx

10.3 Key changes in FTRs since 2003

After the introduction of ARRs in 2003, various developments conti nued to occur in the FTR
market, including the addition of more FTR paths, addition of more FTR auctions, and changes
in settlement of FTRs. In the aggregate, these developments improved the efficiency of the FTR
auctions, which improvement the ability to achieve both Purpose #1 and Purpose #2.

10.3.1 Introduction of annual FTR auction and FTR options (2003)

Il n 2003, i n conjunction with the introduction of
changes adding an annual FTR auction and an FTR option product. The annual FTR aiction
allowed LSEs to monetize the value of ARRs. The annual FTR auction also enabled participants
to buy or sell year-long FTRs to meet their needs for hedging congestion and obtain information

123
London Economics International LLC
717 Atlantic Avenue, Suite 1A
Boston, MA 02111
www.londoneconomics.com



on the value of their FTRs. The combination of self-scheduling and an annual (planning period)
tenure resulted in increased competition and liquidity. 19

The addition of FTR options also provided an insurance -like approach for hedging congestion
risk, where load may not necessarily have a matching bilateral contract for the source and sink
points. FTR options are described n Appendix C ( Section11.2).

10.3.2 Monthly Balance of Planning Period FTR auctions and long-term (3-year forward) FTR
auctions (2006)

On November 2, 2005,PM proposed two new intermediate-term FTR products in response to

mar ket participantsd request for FTRs that <cover
one year. The two new products were:191

T the Bal ance of BPR®M)N pdyR dPasswhich covérad B multi-month
period extending through the remaining months of a planning period. The BOPP auctions
were held at the beginning of each month after the monthly FTR auction ; and

91 the Planning Period Quarter FTR product, which covered the remaining quarterly periods
within the planning period. 192

10.3.3 Long term FTR auctions (2008)

In 2008, PJM introduced the Long Term FTR (O0LT FTF
participants to trade FTRs products that are (i) longer than one planning period, and (ii) single

planning period FTRs that could be used in subsequent planning periods.193The LT FTR auctions

afforded market participants (including LSEs and non -load entities) the ability to lock in

congestion costs on a specific path fo a future period, up to four years from the date of the

auction. Participants could buy any source and sink points for 24-hour, on-peak, or off-peak

bl ocks, based on the oO0residual system capabilityod

IWFERC. OFeder al Ener gy Regulf®%1276 WaslingtonnbiC,s2608p h . 102 FERC
191 PJM. PJM hterconnection LLC. Filing: ER06-150-000., Washington D.C., 2005p. 2.

192 Since the 2018/2019 planning period, the Planning Period Quarter FTR product is no longer available. But
participants are able to continue to bid for any single calendar m onth remaining in the planning period. See
PIJM. OPJM Manual 6: Finapelal Transmission Rights. o

193PJM. PJM Interconnection LLC. Filing: ER06150-000., Washington D.C., 2006.
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C (Sectin 11.2.9).294LT FTR auctions only provide for the sale of FTR obligations, because FTR
options would be difficult to model and account for in the long -term.195

10.3.4 Balancing congestion (2016-2017)

0The Commi ssi oer

these circumstances, the continu
inclusion of balancing congestion i
the definition of FTRs would resul
in either the chronic undeiunding

of FTRs, or the unrealized value

ARRs for certain load serving
entities, to the detriment of both
participa nt s i n Rithev
markets and, under certai
circumstances, the holders of t
underl ying trans

- FERC Order, 158 FERC 61,093
(January 31, 2017)

On September 15, 2016, FERC ruled teemove balancing
congestion (see the textbox to the left) from the FTR
settlement. This meant that FTRs would only settle using
day-ahead energy market outcomes. The liabilities
associated with balancing congestion costs would be
borne by real-time load and exports, because the change
in real-time load and exports from the day -ahead market
schedule typically causes balancing congestioni9

Until this time, balancing congestion charges had been
paid by FTR holders. PIJM found that the allocation of
these chages to FTR holders distorted the FTR auction
outcomes. Since balancing congestion is typically a
liability (rather than a benefit), market participants had to

account for expected charges in their offer price. The risk
of having to pay for balancing congestion led to low er FTR

auction revenues, hurting ARR holders.197 PJM also concluded that associating balancing
congestion with FTRs led to the underfunding of FTRs, and FERC agreed?198

This change to the FTR definition is consistent with Purpose #1 of returni ng congestion payment
from LMPs back to load (because of the improvement in ARR value). It also supports Purpose #2,
by removing discounts that were previously embedded in FTR auction offers due to
underfunding, this change made FTR auction outcomes more reflective of expected congestion
in the day-ahead energy market, which improved the price discovery provided by FTR auctions.

194Simultaneous Feasibility Test are further discussed in Section 3.2.1.

195 Additionall y, the inclusion of FTR options would significantly increase the number of scenarios that would have to
be modeled in the SFTto assure revenue adequacy.SeePar meswar an, Vijay, and-
Option Formulation and Pricing. 6 E1| e ct r iystemFReseasch @Varéh 26, 2009).

Kumar M L

19%6PJM. PJM Interconnection LLC. Filing: ER181245000, March 30, 2018.
197 FERC. 158 FERC P61,093. Washington D.C., January 31, 20%.21.

198FERC.156 F.E.R.C. P61,180. Washington D.C., 2015.
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10.3.5 Surplus congestion (2018)

OnJune 1, 2018, FERC accepted PJMds request
holders to ARR holders. Starting with the 20182019 planning period, surplus congestion has
been paid out to load on a pro-rata basis to their positive ARR target allocations.19° PJM requested
this change to align the FTR and ARR mechanisms with Purpose #1. Surplus @ngestion occurs
only because the network model used by PJM to allocate ARRs and to clear FTRs in the annual
and monthly FTR auctions is under -forecasting the extent of network capacity that is available in
the day-ahead energy market. So, the existence osurplus congestion can be traced to a problem
of ARR under-allocation. Therefore, it is reasonable that load should be the recipient of this
surplus congestion.200201

This is a significant change in the amount of congestion charges now received by load. From
2014/15 to 2019/20, the annual surplus congestion averaged $89 million, ranging from the low
end of $23million to a high end of $142 million. In the 2 018/19 and 2019/20 planning periods,
when surplus congestion changes were implemented, these funds represented 18%, and21% d
the total congestion charges returned to load.

19 FERC. 163 F.E.R.C. P6165.Washington D.C., 2018.p. 2.
200|bjid.

201 Notably, in this decision, FERC also clarified that full funding of FTRs is not guaranteed and that FTR h olders take
on the potential risk of under -funded FTRs.
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11 Appendix C: ARR/FTR mechanisms in PIM

This Appendix provides a more detailed description of the ARR and FTR mechanism currently
in place in PIM. This is useful background informatio n for understand ing th e detailed mechanics
of the ARR allocation process, range of FTR products and timing of auctions, and settlement.

11.1 ARR allocation process

ARR allocation is done in three stages Stage 1A, 1B, and Stage?2, as summarized in Figure 57. In

both Stage 1A and 1B, PJM assigns ARR sources for eactzone from resources historically

designated to serve loack®2in the zone. Stage 2 involves three rounds that allow LSEs to request
additional ARRs from various potential ARR sou rce points (for example, hubs and generation
nodes outside their zone).

Figure 57. Stages in the ARR allocation p rocess

AProtects native loadds AProvides flexibility to adjust

transmission system use by hedging paths yearly
providing long -term certainty

ATwo sub-stages (1A and 1B):
Based on generation resources
that historically served load. LSE
can request ARRs up to its zonal
base load share in 1A and zonal
peak load share in 1B

- /

In Stage 1, PJM determines the set of eligible ARR sources for each transmission zone from

resources historically constructed to serve load in that zone as of the reference yeak% ARRs

allocated in Stage 1A come from active historical generation resources or qualified replacement
resources.204 PJM will also assign each LSE a prerata amount of the MW capability from each

generator designated2st o t he transmi ssion zone, based on the

2021999 is the reference year for the original utilities that joined PIM back in 1997. Thehistorical reference year for other
PJM members varies with the date they joined PJM. For instance, for ATSI, the reference year for ARR
allocation is 2010, the year that it joined PIM.

203 This year depends on the date the transmission utility joined PIM.

204 Sarting in 2017/2018 Annual ARR, PJM replacel retired generators that were previously used as eligible ARR
sources with new resources.Seee J M. oPJM Manual 6: Finapd.al Transmission

205 Designated means a&tive generation resources that have historically served a particular transmission zone.
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Baseload is defined as the | !oad in the transmission zone.2% 207 An LSE then submits ARR
minimum of daily peak requests t hr o-apdd pdetd khivven asvtbebFTR
loads for each transmission | Ceénterand chooses the set of ARR that it wants based on pre-
zone from the previous assigned generator sources up to its baseload in Stage 1A. The
year, escalated by projected allotted ARRs in Stage 1A cannot go beyond the Network
load growth Services Cu s tbhaselmmd # 6thattzone aof load
aggregation zone 208209

-Source: OWor k
ARR & FTR Market 3 Part 36 | Next, PIJM conducts a simultaneous feasibility test (or SFT)
using its network model (see textbox on page 129 for an
explanation of the SFT), to confirm the feasibility of all sets of
ARRs awarded to each LSE involved in the ARR process?10 Once the SFT demonstrates tle
feasibility of all the ARRs, PJM notifies each LSE of the ARR awards resulting fromthe Stage 1A
allocation process.

Stage 1A guarantees transmission capacity allocation for ten years, a requirement underEPAct

2005 More specifically, Stage 1A awards ae guaranteed for each LSE at baseload levels. If the

network model cannot ensure simu Itaneous feasibility of all Stage 1A requests, and therefore PIJM

is required to make awards on a pro-r at a basi s, then PJMOés tariff r
transmission owners to ensure that the network upgrades to support ARR guarantee levels are

attained. For example, in 2012 PJM found constraints in its network model on the amount of

Stage 1A ARRs it could award to LSEs inthe Commonwealth Edison Company zone . Therefore,

PJM proposed a transmission upgrade as part of the Regional Transmission Expansion Plan

206 This can be done on a transmission zone basiorunder a hi storic | oad aggregate zone.
hi storic | oad ag-egion@fattranemmssienszon® that veas served under aseparate set of
supply contracts and/or generation resources (i.e., by a municipal or cooperative utility) th an the other non-
municipal/ cooperative | oadeePdi Mt héPIMaMamuaki 68siorFomandéi a|

Ri ghp.83. ¢
207 PJM. 0PJIM Manual 6: Financial Transmission Rights.6 pp. 21-22.
208PJM. OPJM Manual 6: Finanidal Transmission Rights. &6 p.

209 |n slight contrast to LSEs, firm point -to-point customers may request up to 50% of their MWs of firm serv ice
provided between receipt and delivery points during the reference year. SeeP J M. OPJM Manual 6 : Fi
Transmissi p20.Ri ghts. 0

210 The SFT ensures that allARRs awarded relate to network capacity that is likely to exist in the spot market. In the
FTR auctions, on the other hand, the SFT is needed to make sure there is adequate revenue to meet the FTR
payment obligations.
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( OTEPO process to remedy this ARR allocation issue (e.g., the Grand Prairie Gateway project,
which was completed in 2017).211

PIJMO0s net work model and the S

PJM does not know in advance how the power system will work in  the spot market so it needs
to model and predict network operations to quantify the amount of ARRs so the allocation
may be reasonably undertaken, and the PJM auctioncleared through the SFT.

To perform the SFT, PJM uses a DC eplodwe rt hfalt
the following inputs: all newly -requested FTRs and ARRs for the modeling period, existing
FTRs and ARRs, scheduled transmission outages, and estimated uncompensated poweflow

circulation into the PJM control area from outside control ar eas. If requested ARRs or bids to
buy FTRs ae determined to be simultaneously feasible in the network model, then PJM can

move with the award of ARRsS/FTRs. However, if the ARR allocation r ound or the FTR auction

rounds fails the SFT, PJM would need to pro-rate the ARRS/FTRs.

Figure 58 Annual allocation process in Stage 1

Stage 1 opens

PJM allots each LSE a pro-rata amount of MW capability from each generation resource

LSE submits ARR request

LSE nominates the set of ARRs that it wants to request (request is limited to share of zonal base
load for Stage 1A and

PJM conducts the simultaneous feasibility test

PJM approves ARRs and posts results on FTR Center

Source:PJM training materials and PJM Manual 06: Financial Transmission Rights.

211 ComEd. ComEd's Grand Prairie Gateway Project Is Completed
https://www.comed.com/SmartEnergy/InnovationTechnology/Pages/Grand PrairieGatewayProject.aspx
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In Stage 1B, firm transmission customers may request ARRs up to the remainder of the MW of
firm service not awarded in Stage 1A. More specifically, the ARR amount allocated to a
transmission zone or load aggregate zone cannotgo overheNet wor k Ser vi ces
network peak load in that zone (or load aggregation zone) lessthan the awarded ARRs from
Stage 1A PJM also conducts @ SFT to confirm the Sage 1B requests.Figure 58 shows the
allocation process in Stage 1.

According to PJM, 95% of the network capacity is allocated in Stage 1212t is important to note
that this does not imply that all LSEs received ARR capacity equivalent to their peak load. For
example, in planning periods 2017/18 and 2018/19, ARRs allocated cover approximately 62% of
the peak load of all LSEs on a combined RTOwide basis.213

Figure 59. Annual allocation process in Stage 2

Stage 2 open

LSEs submits ARR requests
- LSE nominates the set of ARRs from any generator bus, hub, external interface or zone
-ARR requests are |imited to 1/3 of the Network

PJM conducts SFT to test for feasibility

Each round closes
PJM approves ARR

Sources: PIM training materials and PJM Manual 06: Financial Transmission Rights.

PJM also hosts a Stage 2 allocation process for ARRgzigure 59 shows the Stage 2 allocation
process. LSEs are allowed to requet ARRs that cancover the rest of the network peak load (or
MWs of firm transmission service) in this stage. Similar to Stage 1,an ARR request is submitted
via FTR CenterUnlike in Stage 1, however, there is no pre-assigned list of source points. In Stage
2, a request br ARRs may have a source point in any load zone and at any available generator

212 Conference call with PJM Staff. September 9, 2020.

213 El analysis based on data provided by PJM.
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bus, hub, or external interface for which PIM calculates and posts a dayahead congestion price
value24The sink point of each ARRansmesgianga¢ o loads t be
aggregation zone. PJM performs an iterative allocation process that entails three consecutive
roundsin St age 2, with each round allocating a third
In each round, network customers can only request up to one-thir d of their peak load that was

unallocated after the Stage 1 process. PJM performs an SFT analysis after el round in Stage 2.

11.1.1 How is the economic value of the ARR measured?

ARRs are valued based on the expected CLMPs emerging from he annual FTR audion. The value
of an ARR arising out of the Annual FTR auction is known as ARR target allocation and is equal
to the ARR MW amount multiplied by the average LMP difference between the sink and source
over the four rounds the annual FTR auctions (Figure 60). The ARR target allocation is supposed
to represent the maximum payout that an ARR holder would receive for his ARRs.

Figure 60. ARR target allocation formula

ARR Target

Allocation - (ARR MW) x (LMP ARR Sink(>5 LMP ARR Source)

11.1.2 How are ARRs settled?

As detailed in PJM Manual 06215 the daily ARR settlement value is calculated based on the
clearing prices resulting from each round of the Annual FTR auction. For each round, ARR
holders will receive the revenues resulting from the price difference between A RR sink and
source multiplied by the total MW amount of ARRs, di vided by the number of rounds in the
Annual FTR Auction. For example, if an LSE has been awarded 400 MW of ARRs on a specific
path, then each 100 MW (derived by dividing the 400 MW by four rou nds) will be assessed by
the CLMPs emerging from each round the annual FTR auction. However, ARR holders' Credits 216
also depend on the funds collectedfrom the Long -Term auctions and Monthly FTR auctions. ARR
deficiencies from the annual FTR auction will be covered initiall y by the Long Term and Monthly
auction revenues i n proportion to the hol der ds deficier
accounted for as Excess Congestion Charges.

As illustrated in Figure 61, once the ARR target dlocations are determined (Step 1), they are
added and compared with FTR auctions' total revenues (Step 2). All ARR holders would get ARR

24PJ M. oPJaM Ma:nuFi nancial Tr28nsmi ssion Rights. 6
256PJ M. OPJM Manual 6: Financi-&8d. Transmission Rights.dé pp. 29

218 ARR credits are the actual revenuethat the ARR holder will receive. They can be positive or negative, ranging from
zero to the ARR target allocation.
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Credits equal to their ARR target allocations if the funds accumulated are enough to satisfy all
ARR target allocations. If there are excessfunds (Step 3.A), ARR holders will also receive a payout
equal to their ARR target allocations, but the remaining funds will be accounted for every month
as Excess Congestion ChargesThis surplus could be used to cover deficiencies in FTR target
allocation payments. On the other hand, if the funds are insufficient (see Step 3.BJi as a result of
all FTR auctions revenue being lower than the maximum payout for ARRs fi the ARR Credits will
be reduced proportionally. T he Excess TransmissionCongestion Charges may cover these ARR
deficiencies

Figure 61 ARR settlement process

Excess:

Accounted on a monthly
basis as Excess
Congestion Charges.
Used to cover fund
deficiencies in FTR Target
Allocation payments

2 Compare revenues from
Long Term, Annual and
Monthly FTR Auctions
Calculate ARR Target with ARR Target

Allocations Allocation, if sufficient
then:
ARR Credits = ARR
Target Allocations

Insufficient: ARR deficiencies may
. be covered by the
ARR Credits are prorated Excess Congestion
proportionally Charges

Source: PIMtraining materials .

11.1.3 Incremental ARRs

IARRs were implemented in 2003 when PJM first introduced the ARR allocation process. IARRS
were created for market participants who developed (and paid for) new network capacity, such
as when the system expands to accommodate a generation interconnection project or a merchant
transmission project.21” The purpose of IARRs is to provide security for t he participant investing
in transmission, ensuring that they would receive ARR benefits that match their transmission
capacity and prevent potential congestion charges2218 The IARRs requests are not tied to a specific

217pPJM Market Monitoring Unit. Monitoring Analytics, LLC. 0 St at e of t he Mar k e Maréh88,2@08.t f or

218 Some stakeholders have argued that the current IARR mechanism is not working as intended. For example,
generation interconnection upgrades are usually not feasible and RTEP projects are too strict to create new
IARRs. Therefore, load is paying for network upgrades but not receiving the commensurate benefits. In
addition, no IARRs were awarded since 2016, mainly due to their inability to pass the SFT. As such, requestors,
would in theory, seek to upgrade transmission capability to ensure that th e IARRs could pass the SFT.
However, IARR requestors have also dropped their customer funded IARR request (where the customer
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date or schedule (like the ARR allocation period). Instead, IARR requests are based on the date

of a market participantds request. I f approved,

ARR allocation before Stage 1A. The simultaneous feasibility of any requested IARRSs is evaluated
throu gh P J M0 s rkdt Mdléts, vilhizh use the same network model used in the annual ARR
allocation process, except that all transmission outages are not considereck!e 220

Awarded IARRs are effectivefor up to 30 years or equivalent to the life of the project. Should the
market participant decide to replace the incremental ARR, they could do so at any point during

the 30 yearswhen the incremental ARR is effective. By doing so, they would be allocated an ARR
with new values during the next annual ARR auction. This option exists so that an IARR holder
can havethe flexibility to acquire a n alternative ARR path for its project in the future, in case the
previously awarded | ARR path becomes a liability.

11.2 FTR mechanisms

The conceptual definition of an FTR product has stayed the samesinceits inception, but the range
of time-of-use FTR products and auctions has evolved (in fact, expanded) since 1998The FTR
characteristicsthat are currently supported are the following.

1 obligations and options : FTR obligations are defined by the source and sink points and
are directionally specific, in that the settlement is based on the difference between the day-
ahead energy market CLMP for the sink and the source. The value of an FTR obligation
can be positive or negative. In contrast to FTR obligations, where the holder is liable for
any negative congestion charges, the value of an FTR option to its holder can never be
negative. FTR options would have a value of zero if their designated path is against the
congested flow.221Becaus of this reduced risk profile , FTR buyers would typically pay a
premium for the FTR options compared to an FTR obligation. 222 Additionally, FTR options
are only available for a subset of the possible FTR transmission path because it is only
offered to the extent that there is aresidual network capability.

agrees to fund the upgrades necessary to support their request) when notified of the number violations they
would have to resolve in order to attain approval.

/

20PJ M. OPJM Incremental Auction Revenue Rights Model Devel opm

220 Since transmission outages change yearly, PJIM removes all outages when determining requested IARRs to
understand their impact on existing ARRs based on the full capability of the transmission system. As such, by
removing the transmission outages, PJM would be able to detemine if there needs to be an increase of system
capability to grant the requested IARRS.

221FERC. 102 FER(] 61,2r6. Washington DC, 2003.p. 14.

222pPJM. PJM FTR Group.OFinancial Transmission Rights Market Review. 6 April 2020.
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The source and sink points for FTRsare limited to available hubs, zones, aggregates, generators,
and interface buses. Finally, FTR products are offered ason-Peak, off-Peak, and 24hours (as
described in Figure 62).

Figure 62 FTR products by time of use

\/

24-Hour FTR Products are
valid everyday for 24
hours, from 0100 to 24:00

On-Peak FTR Products are
valid between the times of
0800 to 2300 weekdays,

Off-Peak FTR Products are
valid between the times of
24.00 to 07:00 weekdays,

hours exceptfor NERC holidays. and 0LO0O to 2400
weekends and NERC
holidays

Off -Peak FTR
Product

Note: PJM only allows a subset of paths to be eligible for FTR Options bids. A list of these valid option paths is available
on PJM3s wlhktthsdhvwiwepjm.canégmarkets -and-operations/ftr.aspx

Source: PIJM. PJM Manual 06: Financial Transmission Rightsp. 41.

11.2.1 FTR Auctions

Currently, there are four pathways to acquire FTRs in PIJM. Three pathways are through PJM
administered auctions: the long-term auction, annual FTR auction, monthly FTR auction (also
known as the BOPP auctions). PJM also permits FTR blders to trade bilaterally so that an FTR
can be acquired on the secondary market.

Annual FTR auctions are multi -round and offer multip le classes of FTR. The capability sold in
the annual FTR auctions is supposed to represent the entire system's capacityninus the approved
long-term FTRs. There are four rounds in the annual auction, where 25% of the feasibility FTR
capability of the PJM system is awarded in each round. FTRs that are acquired in one round may
be re-offered for sale in later rounds. FTR products sold in the annual auctions include FTR
obligations and FTR options,?223 and there are separate classes of products for orpeak, off-peak,
and 24-hour FTRs(as described in the figure above).

Before the first round of the Annual FTR Auction occurs, LS Es have the option to convert one or
more of their ARR obligations into annual FTR obligations (i.e., only 24 -hour FTR obligation) on
the same path as theawarded ARRs. This is called selfscheduling. For each round of the annual
FTR auction, selfscheduled ARRs will clear 25% of the requested volume as price takers.

223 Qptions are only available for selected paths.
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Long term FTR auctonspr i mar i Iy aim to all ow mesidukleystenparti ci
capabil i t©24Ldke the annual auctions, LT FTR auctions are multi-round. The five rounds 225for
the LT FTR auction are spaced months apart, currently every March, June, August, October, and
December. Like in the annual auction, LT FTRs bought in one round may be sold in successive
rounds. Each LT FTR auction round sells FTR products for three consecutive planning periods
after the planning period during which the Long -term FTR auction is conducted. The capacity
allocated in the LT auction will be unavailabl e in the following annual FTR auctions. Only FTR
obligations for on -peak, off-peak, and 24hour FTRs are provided in the long-term FTR auction.
Future transmission upgrades (i.e., for an increase in transmission capability) are determined
only for SFT purp osesin the long-term auction; the capacity is not sold to market participants in
the LT FTR auction.

PJM also hostsmonthly FTR auctions, where the remaining FTR capability is traded after the

annual and LT FTR auctions are concluded. Maket participants can also sl their previously

acquired FTRs. Similar to the annual FTR auction, the monthly auctions offer both the FTR
obligation and FTR options (for selected path) for on-peak, off-peak, and 24-hour FTRs. There is
only one round in each monthly FTR auction.

The secondary market allows bilateral trading to increase liquidity in the market where firms can

buy and sell their FTR products. However, the FTR products should be the same as the original

FTR awarded (i.e., an FTR option can only be traded as an FTR option) . PIJM&s FTR Cel
facilitates the trading of existing FTR between PJM members. In the secondary market, an FTR

can be split into different FTRs in the same path with various MW amounts and different start

and end dates?26 Howev er, the FTR cannd be changed to increase total MW value, set earlier

start time or later end time, or use a different path. 227

Like the ARRs, all FTRs sold need to be simultaneously feasible, so that PJM is reassured that
they have not oversold capacity on the network. The SFTinvolves all concurrently requested
FTRs and previously awarded FTRs. Therefore, newly requested FTRs are run through yearly
and monthly period network models. If the newly -requested FTRs pass the model, they will be
awarded to the highest bidder. All members of PJM can participate in any FTR auctions or
secondary trading.

224The residual system capacity is the difference between the ARR cleared in the previous year(with the A RR resulting
from re-running the SFT assuming no outages), and the ARR requested in the last year.

225Prior to April 2020, there were only three rounds in the LT FTR auction.
226 PJM. 0PJM Manual 06: Financial Transmission Rightso p. 47.
227pid.
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11.2.2 How is the economic value set for FTRs?

The economic value of FTRs is akin to the profit of holding the FTR. Profit is the difference

between the price the FTR buye has to pay PIJMin the FTR auction228and the congestion charges
it will earn once day -ahead LMPs (specifically, CLMPs) are determined. The FTR target allocation
is the maximum amount of money that the FTR holder would receive if the congestion charge is

positive for an FTR obligation or FTR option, or the amount it has to pay if the congestion charge

is negative for an FTR obligation. Figure 63 shows how FTR target allocations are calculated. An
uplift cha rge might affect this profi tability 229if there areany revenue deficiencies with ARRs or
FTRs at the end of the planning period.

Figure 63. FTR target allocation

FTR Target

Allocation = (FTRMW) P4 (Congestion Price g s @ Congestion Price r1r source)

11.2.3 How are FTRs settled?

The FTR settlement is calculated hourly based on the CLMPs determined in the day-ahead enagy
market.230 CLMPs track the hourly congestion component of LMPs across the entire RTO
footprint at a given moment, based on a selected reference bus. The CLMP at a specific node is
meant to represent the economic impact of all binding tra nsmission constraints on the delivery
of energy to that specific location. Once the FTR target allocations are determined (Step 1), PIJM
compares them with the total congestion charges collected from the day-ahead energy market
(Step 2) Figure 64). If the amount of revenues (sum of Day-Ahead Congestion Charges) collected
is sufficient, then the Day-Ahead Congestion Credits?31for each FTRis equal to its own FTR target
allocation. If the amount of revenues exceeds the FTR target alloation (Step 3.A), then the Day-
Ahead Congestion Credits for each FTR(also known as FTR Credits) is equal to its own target

28Gelfs chedul ed ARRs do not incur a charge for the acquired FTR
by giving up the FTR auction revenues for that path.

229 An uplift charge is the charge to cover the net of the monthly deficiencies in the t arget allocations calculated for
individual participants.

20PJ M. OPJIJM Manual 6: Financi-82 Transmission Rights.d pp. 50

231 Day-Ahead Congestion Credits are the actual revenue that the FTR holder will receive. They can be positive or
negative, ranging from zero to the FTR target allocation.
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Why can FTR funding insufficiency
occur?

FTR Funding may be insufficient due to
various factors such as increased limits
utilized in FTR model due to Stage 1A
ARR infeasibilities, reduced
transmission capability in day -ahead
energy market due to transmission
outages that were not represented in
the network model used to do the SFT
during the FTR auction, or due to loop

flows or uncompensated flow impact

and de-ratings.

allocation, and the excess isearmarked to cover the
prevailing or potential deficiencies of other FTR
paths within the p lanning period.

Initially, PJMuses the excess to cover defi¢cs among
FTR holders during the samemonth. If funds are
remaining, then PJM proceeds to cover other
shortfalls in the following order : FTR deficiencies
from previous months, FTR deficiencies over the
next months, and then any existing ARR
deficiencies. Finally, if some funds remain, these
excessesare rolled into surplus congestion and

distributed on a pro -rata basis to ARR holders based
on their relative positive ARR target allocation

position.

Figure 64. FTR settlement process

Compare Day-Ahead
Congestion Charges with
FTR Target Allocation, if

Calculate FTR Target
Allocations

sufficient then:

FTR Credits = FTR Target

Allocations

Source: PIJIM Workshop

In the following order:

. FTR deficiencies
within that month;

Excess:

Accumulate and
distribute to cover
prevailing and potential
deficiencies within the
planning period

. FTR deficiencies
from previous
months;

. FTR deficiencies
over the next
months;

Existent ARR
deficiencies;

. Distributed on a
pro-rata basis to
ARR holders

Insufficient:

FTR Credits are prorated
proportionally based on
FTR Target Allocation

Any deficiency is
covered by an uplift
charge paid by FTR

holders

On the other hand, if the FTR funding is insufficient to cover the FTR target allocations (Step 3.B),
only FTR holders with atotal target allocation position that is a net negativ e for the hour receive
Day-Ahead Congestion Credits equal to its own target allocation. FTR holders with a net positive
total target allocation position for the hour receive a portion of the total Day -Ahead Transmission
Congestion Charges and net negativetarget allocation positions. If there are insufficient funds to
cover all FTRs, then an FTR holder with a net negative position (liability) will have to pay all his
charges to PIJIMwhile an FTR holder with a net positive position (credit) will receive only a share

of the day-ahead congestion funds collected.
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PJM covers any prevailing not fully funded ARR or FTR target allocation through an uplift charge
socialized across all FTR holders with net positive positions at the end of the planning period . An
illus tration of the uplift mechanism is presented below.

Figure 65. Uplift mechanism

ARR Target S FTR Auctions

FTR Target S
Allocations Revenues

Allocations

Insufficient Insufficient
Day-Ahead Auction
Transmission Revenues

Charges

ExcessTransmission Congestion Charges (monthly fund)

ARR Uplift € —— = FTR Uplift
Credits Credits

FTR Holders

with Net Pay

-—- Uplift Charges

positive FTR
Credits

PJM allocates the DayAhead Transmission Congestion Charges to FTR holders based on their
total FTR target allocations. If at the end of the planning year (i.e, May 31si), the congestion
chargesare not sufficient to fulfill all FTR targetallocations, uplift credits (i.e., the dollar amount
needed to get the total FTR target allocation)are awarded to cover these revenue deficienciesfor
FTR holders. Uplift credits will also be applied to any ARR holder which ARR target allocation
has not beenfully funded by the revenues collected from FTR auctionsby the end of the planning
year. It is worth mentioning that before PJM calculates the required uplift credits, it uses any
Excess Congestion Charge remainingin its monthly fund to clear partially or totally these ARR
and FTR deficiencies.

Theuplift credit s thatact as -vah @lpakent will be covered by an uplift charge only
paid by FTR holders with net positive FTR target credits. In other words, the uplif t charge
required to balance out any ARR and FTR deficiency (i.e., uplift credit awarded) will be socialized
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among FTR holders with a net positive position. 232 Figure 65 illustrates the processof the uplift
mechanism. The formula that determines how the cost of providing these uplift credits will be
split among this specific set of FTR holders is shown in Figure 66 below. 233

Figure 66. Uplif t charge

(Positive FTR Target Credit / Total Total FTRand ARR

Positive FTR Target Credit ) Uplift Credit

22According to Section 8.5 of the PJM Manual 6, caienoent i ty w
subject to transmission rights uplift allocation charges and are excluded from the uplift charge calculat i ons . 0
PJM. Guide to Billing. Website. Accessed onNovember 25, 2020.

233PJM. Guide to Billing. Website. Accessed on November 25, 2020.
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12 Appendix D: Stakeholder engagement

To conduct a holistic assessment of PJMds ARR and
receiving the optimal value of the transmission system, LEl engaged with PJM market

participants to acquire a betta understanding of the ARR and FTR products from their

perspective. Furthermore, the discussions with stakeholders allowed LEI to analyze mar ket

parti ci pa+on experiefica ofdtle ARR and FTR market. The stakeholder process

contribut ed to LEl's understanding of the current ARR/FTR design (Task 1) and provided

conceptual ideas for enhancements that LEI analyzed (as part of Task 3). This Apendix provides

an overview of the stakeholder engagement process

From the stakeholder engagements, LEI observed that many ARR participants and FTR auction
participants were generally satisfied with the current ARR/FTR de sign and would prefer to have
minor improvements and enhancements rather than a complete overhaul.

On the ARR allocation process, LSEs were appreciative of the recent changes made by PJM to
prevent underfunding. Nevertheless, several LSEs and representaives of LSEs voiced a strong
interest in seeing further improvements to the ARR allocation process. For example, sane
stakeholders suggested more frequent ARR allocations and nomination periods and more
granular ARR products that are more closely aligned w ith the range of FTR products currently
available.

With respect to the FTR design, most FTR buyes and traders were happy with the FTR products'
granularity and the frequency of the auctions. Non -LSEs (or the financial participants) were
generally satisfied with the FTR market and felt their commercial objectives were being met. The
majority agreed th at the FTR market prov ides sufficient price discovery for the forward market
and superior hedging opportunities. When asked about the competitive nature of FT R auctions,
there was consensus that the auction outcomes were competitive, although some concernsvere
raised regarding the overly mitigative nature of the existing forfeiture rule. LSEs and other
stakeholders acquiring FTRs for hedging also suggested tha the FTR products could evolve to
better meet the needs of intermittent energy sources, which operate in periods that may not align
with traditional peak and off -peak designations.

12.1 Overview of the stakeholder engagement process

LEI led a series of FGDs with stakeholders who participate in or are involved with ARR and FTR
markets. The purpose of these FGD sessionswas to understand various stakeholders' insights
given the diverse roles they have in the markets (e.g., enduse customers or LSEs that get allcated
ARRs, FTR buyers,to name a few). Additionally, LEI sent out a follow -up survey to the FGD
participants and interested stakeholders with additional questions. The engagement process
started in August 2020 and was split into three stages overseveral months, as shown in Figure 67
below.
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Figure 67. Stages of LEI stakeholder engagement

August 2020 A
Invited PJM Stakeholders to FGD engagement and reviewed
materials from prior ARR/FTR Task Force Meetings and their
written materials from early 2020 )
September 2020 )
Hel d four separate FGD sessi
insights and views on ARR/FTR. Interviewed the IMM over
the course of two separate phone calls )
N
October 2020
Sent out a 56question survey to FGD participants to gather
additional insights )

PJM emailed a survey on August 31, 2020, gauging interest in a stakeholder engagement from
members of the ARR/FTR Task Force and the Market Implementation Committee. 234 A total of
37 stakeholders (in addition to the IMM) 235 expressed nterest and availability to join the focus
group discussions (FGDs). The respondents selfidentified as one of the four categories that most
represented their activity or involvement in the ARR/FTR Market:

(@) FTR participants,

(i) ARR Awardees,

(iii) mixed-use participants (ARRs and FTR9, and

(iv) others (entities who do not trade or interact directly with PIJM 's ARR processand FTR
market).236

Using the groupings above, LEI scheduled four FGD sessions237 Although the participants were

categorized based on heir involvement in the ARR and FTR market, they represented many
segments of the PJM stakeholder universe, including vertically integrated u tilities, municipally -
owned utilities, cooperatives, competitive LSEs, generation owner, power marketer, end -use

234 Email Correspondence with PIM on November 5, 2020. According to PJM, the email was sent to 1,098takeholders.
235 El interviewed the IMM separately.
236 Email Correspondence with PIJM, August 31, 2020.

237 Since there were only 2 entities that identified themselves as ARR awardees, they were included under the Mixed-
Use Participants group.
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consumers, power traders, consultants, and advocates.EachFGDs was scheduled forthree hours.
Five key topics, as shown in Figure 68, were discussed during these sessions.

Figure 68. Topics discussed in the FGD

How is your organization involved with the ARR/FTR
processes?

What are your primary objectives for participating in the ARR
process and FTR auctions and are your objectives being
fulfilled?

What features of the ARR process and the FTR market do you
like? Which aspectsdo you not like, and why?

In your opinion, what are the strengths of the ARR/FTR design?
Do you have any proposal to enhance the strengths in either the
ARR process or FTR markets?

In your opinion, what are the shortcomings of the ARR/FTR
design? Do you have any suggested modifications to address
the shortcomings in either the ARR process or FTR markets?

To ensurethat each participant has an equal opportunity to speak up and provide their insights
on the five topics, LEI allocated a pre-set amount of time for each stakeholder representative to
answer each question during the FGDs. LEI also invited additional commen tary at the end of
each FGD.

Following the FGDs, several stakeholders reached out to LEI through email to provide additional
feedback. To ensure comprehensiveness of the stakeholdeinput process, LEI also accepted "out
of time" feedback and commentary.238

Sepa ately, LEI interviewed the I MM via several con
perspective on the <current ARR/ FTR design and b
proposal. The major areas of discussion are shown inFigure 69. Also, LEI sent IMM a list of

guestions (19 questions) as a followup to the interviews.

I'n additi on, L EI al so met with | CE and Nodal Exc
markets affected the futures trading on their separate exchanges.

238 El received written comments f rom several stakeholders in conjunction with the third stage.
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Figure 69. Areas of discussion with IMM

| MM6s view on the primary purpcs=2 |
| MM6s method in calculating cong=2s
returning congestion to load

| MM6s proposal on how they woul a—d

fully hedge against congestion

I MMdvision to deliver 100%of day ahead congestion costs
collected from LMP to load

I MM adview of a single transmission rights system

In the third stage of the stakeholder engagement, LEIl sent out a follow -up survey to FGD
participants and other interested stakeholders?3 in early October 2020 to gather additional
information and feedback on the ARR allocation process, FTR products and auctions,application
of current rules (like the forfeiture rule ), and identification of business decisionsthat were
affected by ARRs and FTRs. The survey was voluntary , and participants were not required to
answer all the questions. Nevertheless, LEI received significant cooperation with the completion
of the survey by stakeholders, as discussed further in Sectionsl2.4and 12.5

12.2 Key takeaways from FGD sessions in September 2020

The majority of the participants were generally satisfied with the current ARR and FTR
mechanisms in PJM. There was widespread recognition that the rules have continuously adapted
over the past twenty years. Most participants welcomed the majority of rules changes; however,
there was a level of concern expressed by the frequency of rules changes pertaining to ARRs and
FTRs in PJM in recent years and ongoing disputes. Despite the general sensef fatigue with
evolving market rules, participants did not shy away from suggesting enhancements and
identifying areas of improvement.

239 PJM sent an email to the stakeholderson September 30, 2020 to inform them aboutthe survey.
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12.2.1

T

12.2.2

FGD participant's primary objectives for participating in the ARRs and FTRs

Views of non -LSEs (Financial Participants) : The majority of non-LSE participants agreed
that their objectives are being met with the current ARR and FTR structures, but they also
stated that there are several areas that could benefit from improvement. As many of the
Non-LSEs are commodity traders within the electricity market, they were particularly
interested in changes that would increase liquidity and trading opportunities and
improve the price discovery process originating in the FTR auctions. One specific
stakeholder remarked that, while thei r objective to participate in the FTR auctions is find
valuable FTRs, they often purchased FTRs for other reasons (for example, to hedge their
basis trades on the exchanges).

Views of LSEs (Mixed Use Groups): The LSEs widely agreed that their objective for using
ARRs is to maximize the return of congestion costs. Additionally, they mentioned that
their objectives for participating in the FTR auctions are to hedge congestion risk and
mitigate price spikes. Some LSEs also utilized FTRs to manage basis riskwWhile many of
the LSEs felt that their objectives are being fulfilled, they also indicated that the ARR
mechanism could be further enhanced. Additionally, some LSEs stated that they felt that
the value of ARRs allocated to them has decreased (with time),which detracted from the
primary objective noted above.

Views from the Others Group : Although the Others Group comprised stakeholders with

various roles, they generally agreed that the primary objective for ARRS/FTRs is to

maximize the transmission netwo rk's value and return congestion charges to load (final
customers), who were also paying for transmission service through regulated rates.
Among the Others Group, one participant also added that a secondary objective for
utilizing FTRs is to support clean energy goals.

FGD Stakeholder's view on the strengths and weaknesses of ARR and FTR mechanism

Views of non -LSEs (Financial Participants): Although financial participants mentioned
that the ARR/FTR mechanism in PJM could benefit from further improvements, they
favored the curr ent mechanism for its ability to provide adequate price discovery, support
liquidity and thereby facilitate competition in the forward markets, which increases the
efficiency of the forward market price signal. Furthermore, they foun d the FTR
mechanism useful for hedging. Non -LSEs also stated that they appreciate the increase of
FTR granularity over the years. However, they believe that FTRs could be further
enhanced.

Non -LSEsalsonoted three weaknesses with the current ARR and FTRconstructs. Thefirst
point of concern was the lack of transparency for FTR auction data and outage modeling.
Secondly, they felt FTR activity had been unduly constrained by the FTR forfeiture rule.
The current forfeiture rule (implemented in 2017)is not sufficiently par simonious and
therefore forces them to choose betweentrading in the FTRs and virtuals. Thirdly, they
expressed an interest in seeing adjustmentgo credit rule s so that the requirements do not
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become overly burdensome, inhibiting liquidit y and price discovery. Finally, non-LSEs
also mentioned that the constant rule changes and the contentious nature of the
stakeholder processhave made it difficult for them to plan in the long -run, as they are not
confident that the current rules will rema in. Overall, non-LSEsexpresseda preference for
the status quo and opposed significant changes to the conceptual design of FTRs.

Views of LSEs (Mixed Use Groups): LSEs commented more onthe ARR process thanon
the FTR auctions. During the engagement, LSEs stated that they appreciate the current
FTR mechanism There was also widespread recognition that Stage 1A of the ARR
allocation process helped guarantee some level of ohedge deach planning year.
Specifically, LSEs saw the certainty and predictability of Stage 1A and the corsistent
timeliness of how ARRs are allocated annually and auction revenues from FTR auctions
paid out to ARR holders as strengths of the existing design. Furthermore, LSEs echoed
non-LSEs support for the increasing granularity of th e FTR product and auction cycle, as
well as the rule changesto combat underfunding. Nevertheless, LSEs believed that there
could be further improvements & namely, greater product granularity for both ARRs and
FTRs.

Although LSEs expressedgeneral satisfaction with the cu rrent mechanisms, some LSEs
guestioned whether they were receiving the full congestion value of the network . The first
concern comes from the quantity of network capacity allocated. Some felt that ARR
allocation using historical paths did not accurately capture the paths that they used and
the flows on the current system, and that diminished the value of the ARRSs they were
allocated. Furthermore, LSEs felt that the availability of ARR produc ts was limited in
comparison to FTRs. For example ARRs are only available as obligations, while FTRs can
be acquired (for some paths) in option format. ARR allocation is only conducted once a
year, while there are multiple opportunities to buy and sell FTRs throughout the year. In
essence, some participants used these dstinctions to conclude that there is an
inconsistency between the two property rights, which reflects negatively on the ARRs
given to load and other firm transmission customers . Also, LSEsfelt that the current 24-
hour nature of ARRs and the level of FTR ganularity did not account for the increasing
role of renewable generation.

Secondly, several LSEs felt that the technology for uploading FTR bids to PIJM's system is
antiquated and inflex ible. Currently, only xml format is allowed . SomeLSEssuggested
that PM evaluate the use ofcsv files in the future. The third concern was the participants'
lack of trust in PJM's network model, specifically because of the nontransparent nature
of routi ne changes and updates.

Like financial participa nts, LSEs also dgliked the current credit rule s and the FTR
forfeiture rule. In terms of the current credit rule, some LSEs felt that it focused too heavily
on collecting collateral rather than managing ri sk. LSEs also believed thestringent FTR
forfeitur e rule prevented some of them from engaging in virtuals.
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1

12.2.3

Views from the Others Group : The perspective on the ARR and FTR mechanism's
strengths and weaknesses from the Others Group was more diverse than LSEs and nonr

LSEs. Even so, many of the participantsin the Other Grou p agreed with LSEs and non-

LSEs that FTRs have helped hedge congestin and manage risk.

In terms of the ARR and FTR mechanism's weakness, participants in the Others Group
articulated similar concerns as other stakeholders, such as the mconsistency between
ARRs and FTRs, and network modeling transparency. Additionally, one participant noted
that the current ARR structure does not let customers get the resource paths needed for
the new generation, and therefore the theoretical strength of the ARR concept is
undermined .24 In addition, the Others Group also raised two point s of weakness that
were not previously mentioned in the non-LSEs and LSEs group. First, one of the
stakeholders expressed a belief that the FTR auction did not allow load to earn the full
value of the transmission system, because the revenues from the audbn are below
0 v a | 2 $edond, another stakeholder suggested that in his view the FTR construct had
become attractive to participants such as speculators, which increasedthe risk of default
and detracted from the original purpose of FTRs.

Enhancements and modifications on the ARR and FTR mechanism, based on FGD
Stakeholder's statements

In discussing the ARR and FTR mechanisms' strengths and weaknesses, as mentioned abay
FGD stakeholders proposed a number of enhancements and modifications to the current ARR
and FTR mechanisms. Proposed enhancements to the ARR/FTR design include:

T

=

greater ARR allocation frequency, from an annual to a seasonal or monthly basis. Some
parti cipants also suggested that the ARR product be more granular on an hourly basis
than the current 24-hour product ;

instituting reservation prices on FTRs; and

increasing the granularity of FTR products, with the most commonly suggested change
being the addition of off -peak weekday and off-peak weekend FTR products.

In addition, stakeholders also had three other suggested modifications:

)l
)l
)l

improvement in modeling outages within the network model,
revision of the current credit rules ;242and
relaxation of the current FTR forfeiture rule.

240 FGD Stakeholder Engagement, September 22, 2020.

241 1pid.

242 See footnote2.
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12.3 Insights from the questionnaire survey

Following the FGD sessions in September202Q LEI sent out a questionnaire survey to gather
additional data from stakeholders about their involvement and use of the current ARR/ FTR
mechanisms. In total, the questionnaire consisted of 56 questions that were categorized into three
sections: ARR allocation process, FTR product and auction, and general assessment of ARR and
FTRfunctions. The subsections below provide a summary of the results of the survey.

12.3.1 Response rate

LEI received 33 completed (or partially completed) surveys, 243with an average response rate of
60% for all the questions, as seen irFigure 70.

Figure 70. Average response rate for each section of the survey

Questions related to information available to 1 67%
support the assessment of ARR and FTR
Questions related to FTRs _ 12 62%
Questions related to the definition and 0
allocation of ARR 18 °2%

o

5 10 15 20 25 30 35 40

m Answered Skipped

Source: FGD Questionnaire Survey.

Based on the survey, each respondent seklidentified their company's role (in the context of PIJM
markets); respondents were allowed to select multiple entries from the following choices:

competitive retail su pplier
consumer advocate
consultant/advisor
end-use consumer
energy market participant

=A =4 =4 -4 4

243 Note that while there were 41 FGD participants, a few of them represented the same organizations, and as such,
they consolidated their answers, resulting in 33 completed (or partially completed) questionnaire.
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FTR auction participant
generation owners

load servicing entities
power marketer

power trader

state regulator
transmission utility
vertically integ rated utility

=4 =4 =4 =8 -4 -4 -4 9

Other than FTR auction participants, the four most common roles selected by survey respondents
included : energy market participant, power trader, generation owners, and LSEs, as illustrated
in Figure 71 Although the re was a total of 33 respondents, only 29 identified themselves as FTR
auction participants. Those who did not indicate the FTR auction participant roles were ei ther
consultants, consumer advocates, or generation owners who do not participate in FTR Auctions.

Figure 71 Breakdown of participants in the questionnaire survey
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Source: FGD Questionnaire Survey, Question 5

The 18 respondents who indicated that they are LSEs also seliselected other roles. As illustrated
below, 14 of the LSE respondens indicated that they were also generation owners and energy
market participants, 11 were power traders, and 8 were power mark eters. Notably, less than one
third of the LSE respondents were also a transmission utility, vertically integrate d utility, and
competitive retail supplier. It is important to note that the four respondents who are LSEs, but
not generation owners, are either competitive retail suppliers or solely power traders (financial
participants).

As shown in the figures below, all vertically i ntegrated utilities were also LSEs. However, only 4
of the 5 respondents who identified themselves as transmission utility wer e also LSEs. The sole
non-LSE transmission utility was also a generation owner and FTR auction participant.
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Figure 72 LSEs self-identified in these other roles
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Source: FGD Questionnaire Survey, Question 5

Figure 73. End-use consumers self-identified in these other roles
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Source: FGD Questionnaire Survey, Quesion 5.

Of the four end-use consumers, two identified as generation owners, LSEs, FTR auction
participants, and energy market participants. Among the two, only one identified as a vertically
integrated utility and power trader. The remaining end -use consumes were consumer advocates.

Among the 33 respondents, two also selected "Others" as their role within the ARR/FTR Market.
One of the participants stated that they were also a generation and transmission cooperative.
They also held the roles of transmission utili ty, power trader, LSE, FTR auction participant,
generation owner, and energy market participant. The other participant was a power trader but
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stated that "their roles also varied depending on the outcomes of competitive wholesale load
auctions, Request for Proposals ( 0FRs § 3nd bilateral transactions," and as such, they decided
to select "Others."

Figure 74. Vertically integrated utility self -identified in these other roles
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Figure 75. Transmission utility self -identified in these other roles
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12.4 Insight sinto the ARR allocation process

Less than half of the ARR holders were satisfied with the ARR allocation process, and only a
minority felt that allocated ARRs were sufficient. In addition, although many FGD participants
were interested in increased granularity with ARR products and allocation, the survey responses
suggested interest only in the monthly allo cation of ARR entitlements. Other potential ARR
products, such as Longer-Term ARRs (in lieu of or in addition to 10 -year Stage 1A and ARRs
differentiated by calendar periods, were not popular choices among survey respondents. Finally,
the survey reflected that more than half of ARR holders felt that ARRs influenced their long -term
strategic decisions.

12.4.1 Sufficiency vs. satisfaction with the ARR allocation process

In the survey, LEI asked that respondent comment on whether they were satisfied with the
current ARR allocation processand if they felt they received sufficient ARRs. ARR sufficiency
was defined as, but not limited to, the availability of allocated ARRSs in terms of quantities, paths,
value, and nomination frequencies. The data was collected from a multiple -choice option, where
the stakeholders could choose between "sufficient and insufficient." Satisfaction was scored more
simply din terms of "yes and no" and was specific to the current ARR allocation process.

As shown in Figure 76, only four participants (19%) viewed the allocation of ARRs as sufficient,
whereas seventeen (81%) felt that the ARR allocation process was insufficient. The four
participants who responded that they thoughts \ that the allocation of ARRs was sufficient self-

identifi ed as LSEs, generation owners, pover traders, and energy market participants. The

remaining seventeen participants who viewed the ARR allocation process as insufficient were

more diverse in their self-identification of roles. In the aggregate, theyselectel all of the fourteen

roles available.

Respondents cited numerous reasons for the ARR insufficiency, with the top factors being lack of
ARRs in terms of quantity, shortage of specific ARR paths, outdated allocations due to historical
paths, and lack of nomination frequencies and ARR granularity. Although some respondents
voiced an interest in greater ARR nomination frequency and granularity, a larger number of

respondents supported having monthly ARR allocations (as further di scussed in Section12.4.2.

In total, 10 (48%) respondents felt satisfied with the current ARR mechanism, whereas 11 (52%)
were dissatisfied. Some of the respondents who had said that they are "satisfied," supported their
views by noting that (1) ARR allocation outcomes are predictable and well-understood, and (2)
ARRs achieve the primary objective of providing hedging to load entities. 244 In contrast, the
dissatisfied respondents commented that (1) the historical paths are outdated and (2) there is a
zonal misalignment between congestion revenues and costs leading to underallocation of ARRs.

244FGD Questionnaire Survey, Question 21.
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Of the ten respondents who were satisfied with ARR allocation, only three felt that ARR allocation
was sufficient. While the remaining seven were satisfied with t he ARR mechanism, they felt that
improvements could be done, including increasing ARR availability in terms of quantity, paths,
and sub-annual tenure of ARRs. Two of the seven stakeholders thought that PJM modeling
should be improved so that ARRs are not withheld. 245

Figure 76. Stakeholder views on ARR sufficiency and ARR satisfaction

Energy Market Participant l 9 6 Energy Market Participant - 7
Power Trader I 8 7 Power Trader - 7
Generation Owners I 10 2 Generation Owners -2
LSE I 12 3 LSE - 4
All Participants l 17 12 All Participants _ 12
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
m Sufficient Insufficient Skipped mYes mNo = Skipped

Note: Not all roles indicated in the figure are mutually exclusive. Stakeholders held several roles within PIM's
ARR/FTR Marke t.

Source: FGD Questonnaire Survey, Questions 12 and 21

The remaining eleven respondents who were dissatisfied with ARR allocation also indicated that
they thought that ARRs were insufficient. They echoed that the ARRs lacked quantity and the
ARR nomination frequency was suboptimal. Additionally, some of these respondents stated that
there is a lack of value received by stakeholders246

245 FGD Questionnaire Survey, Question 13.

246 |bid.
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12.4.2 Views on ARR product types and granularity

As mentioned in Section 12.2.2 during the FGDs, many stakeholders commented that they would
like to see greater ARR granularity and more frequent allocation of ARRs (nhot just annual).
However, the survey results reflected a somewhat different perspective.

Specifically, the survey gauged the interest of three potential and distinct changes to the current
ARR entitlement, based on what LEI gathered initially from the FGDs. The survey elicited
support for:

9 issuance oflong-Term ARRS;

9 allocation of ARRs on a more granular basis than annual 7x24 (for exampk, peak versus
off-peak) diffe rentiated by time of use periods; and

1 allocation of monthly ARR entitlements.

Of the three options for modifying existing ARR products, long-Term ARRs were the least
popular, as only 3 (19%) of the respondents expressedositive interest, as sea in Figure 77. Based
on Figure 78, more respondents preferred more granular ARRs differentiated by time of use
periods (44%). Of those interested, they stated thatpeak and off-peak periods, as well as weekend
and weekday ARRs, would help align hedges for renewable energy sources.

Figure 77. Interest in longer-term ARR in lieu of or in addition to 10 -year Stage 1A

Energy Market Participant |EIIIIEI 3
Power Trader BN 10
Generation Owners |EIIIEIEEIN 3
LSE SN 5
All Participants | Sl 17

0O 5 10 15 20 25 30 35

EYes mNo : Skipped

Source: FGD Questionnaire Survey, Question 4.

The monthly allocation of ARRs was the most popular potential change, as observed in Figure
79. In total, twelve of the respondents (66%)favored the monthly allocation of ARRs. However,
there is recurring sentiment and fear that the ARRs would devalue if there were too many
allocated. Several respondents that stated interest in the monthly allocation of ARRs, also noted
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that they would oppose it if there will be no increase in revenue from the FTR Auctions, and
therefore the additional ARR products would only decrease the value of the ARRs allocated. In
essence, these respondents were concerned about dilution effect, if increasing quantities of ARRs
would be funded by the same amount of revenues from the FTR auctions.

Figure 78. Interest in ARR differentiated by calendar periods, such as on-peak, off -peak,
weekend, 7x24

Energy Market Participant || IEIEN 8
Power Trader |EHIEE 11
Generation Owners |IEEEGEN 2
LSE |G
All Participants | IEHIEGEGEE 15

0O 5 10 15 20 25 30 35
EYes BNo = Skipped

Source: FGD Questionnaire Survey, Question 17

Figure 79. Interest in monthly allocation of AR R Entitlements

Energy Market Participant |02 7
Power Trader Bl 8
Generation Owners 2 2
LSE sl 4
All Participants 2 15

0 5 10 15 20 25 30 35
mYes mNo - Skipped

Source: FGD Questionnaire Survey, Question 16.
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12.4.3 Effect of ARRson consumption, production, and trading decisions

Eleven (61%) of the respondents stated that the availability of ARRs influences their business
decisions in consuming, producin g, and trading electri city; these respondents represented LSEs,
generation owners, and traders, as seen below inFigure 80. Of the six LSEs who answered in this
way, only five had identified themselves as power traders. Conversely, two of the seven power
traders were not LSEs. LSEs and energy market participants' sentiments were divided evenly.

Figure 80.Ef f ect of ARR all ocations on stakehol de

Energy Market Participant | SN 9
Power Trader [ 9
Generation Owners | 4
LSE N ¢
All Participants | I 15

0O 5 10 15 20 25 30 35
m Effects mDoes Not Effect Skipped

Source: FGD Questionnaire Survey,Question 20.

The stakeholders who viewed ARRs as influential for their business strategy, believed that the
ARRs allocation process is integrally tied to the FTR auctions; therefore, any changes to the
availability of ARRs would impact their trading decisi ons in the FTR auctions. Futhermor e, they
commented that the availability of ARRs helped them mitigate risk, essentially by reducing the
need to purchase FTRs.

12.5 Insightsinto FTR products and auction s

The second part of the questionnaire focused on stakeholdes' views on the FTR product and
auctions. In contrast to the ARR allocation process, the number of respondents satisfied with the
current FTR mechanism was greater: 67% of the respondents expressedatisfaction. Of those who
self-identified as LSEs, 78.5%were satisfied. The respondents also echoed the sentiment observed
in the FGDs, favoring an increase in FTR granularity. The survey responses indicated an
interesting distinction between those iden tifying as load versus those identifying as generation
own ers with respect to the kind of impact FTRs had on their business decisions. There was also a
division of opinion regarding Long -Term FTR auctions.
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12.5.1 Sufficiency vs. Satisfaction

In contrast to ARRs, most stakeholders were satisfied with the FTR mechanismcurrently in place,
and 88% of survey respondents indicated that current FTR auctions are sufficient, as shown in
Figure 81 The survey respondents who approved of the current FTR auctions self-identified as
LSEs, generation owners power traders, end-use consumers. For example, 18of the 27 entities
(67%) responding to this question indicated that they were satis fied with the FTR auctions and
felt that they met their needs.

Figure 81 Stakeholders' views on FTR auction, suffici ency vs. satisfaction

Energy Market Participant

N
$N

Energy Market Participant

Power Trader 13 Power Trader

Generation Owners

Generation Owners

LSE LSE

I w I I
(&

I -
() w
IS

3

All Participants B All Participants

o

5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
m Sufficient Insufficient Skipped mYes mNo - Skipped

Source: FGD Questionnaire Survey, Question 42 and 43

There were some differences in terms of the changes to the auctions. Some of the respondents
stated that they felt the market would benefit from more FTR a uctions, boosting their opport unity
to hedge their load. However, other respondents also remarked that the current number of FTR
auctions was adequate, and no additional auctions are needed. Other areas of FTR improvement
mentioned in the survey include:

1 provide greater granularity wi th FTR products; and
1 create a stable market rule and update PJMs software technology to improve
performance.
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12.5.2 Views on granularity of FTR products

Throughout the FGDs sessions and in the responses to the survey questions, stkeholders
expressed akeen interest in additional FTR granularity. As shown in Figure 82, approximately
75% of the respondents indicated their interest in greater FTR granularity, stating that it would
help them achieve specific mngestion profiles. Of the twenty -seven respondents three were LSEs
or end-use customers(and not generation owners or power traders). Two responde nts noted that
an increase in FTR granularity would better account for the impact of renewable energy on
congestion during specifi ¢ periods247 Additionally, th ree respondents also remarked that the
increase of FTR granularity would improve liquid ity and allow for more accurate price discovery.
Those who were against more FTR granularity felt that consumers (load) would be forced take
on additional risks due to the additional number of FTR products available (this concern was
linked to increased possibility of underfunding).

Figure 82 Stakeholder views on biddable points and increase of FT R granularity

Energy Market Participant

Monthly FTR Auctions
(beyond the prompt month)

Power Trader

Monthly FTR Auction (for

Generation Owners
next calendar month)

LSE

I N I I
[

Annual and Long-Term FTR
Auctions

All Participants

o

o

0 5 100 15 20 25 5 10 15 20 25 30 35

mYes mNo mYes mNo = Skipped

Source: FGD Questionnaire Survey, Questions 38, 39 40, and 41

While most stakeholders supported more FTR granularity, there was less support for additional
biddable points (new paths). Eight respondents (38%) preferred new paths. The main concern
against adding new biddable points stemmed from the belief that such a change would increase
the risk of FTR underfunding as there will be more source and sink points to account for. Many
stakeholders, including financial participants such as pow er traders, also commented during the
FGDs that they did not want to reduce the number of biddable points. In particular, two

247 FGD Questionnaire Survey, Question 39-41.
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stakeholders stated that reduced biddable points might reduce liquidity in the market and
negatively affect price discovery. 248

12.5.3 Infl uence of FTRs on tradi ng and other business decisions

As summarized in Figure 83, the availability of FTRs generally did not influence LSEs/end -use

consumer s behavior i n e figure shoves gshiatrogly tlede €2d%) rofi theei t vy . Tl
eleven respondents felt that FTRs influence their decision to buy or consume electricity. Likewise,
the availability of FTRsdi d not i nfluence t he deusigndor gerterate o f res

electricity . As shown in Figure 84 five (35%) of the respondents stated that FTRs affected their
generation decision.

Figure 83. Effect of FTR products and auction on LSE and end-use consumer's electricity
purchase decisions

End-User (.1
e I -
All Participants .— 19

0 5 10 15 20 25 30 35

m Effects mDoes Not Effect Skipped

Source: FGD Qusstionnaire Survey, Question 35.

In contrast, seventeen (73%) of the respondents stated that FTRs affect their business decisions.
This dichotomy lies in the distinction in the phrasing of the two questions and operational
considerations. The spot market obligates LSEs, enduse consumers, and generators to either
generate or consume electricity, regardless if the congestion cost was hedged or not. In other
words, the existence of FTRs (and ARRs) does not change the efficient production and
consumption decisions dictated by LMPs. However, to the extent that ARRs and FTRs support
hedging and forward markets, we would expect that survey respondents would indicate that the
presence of ARRs and FTRs does affect longeterm decisions.

248FGD FTR Group, September 15, 2020.
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Figure 84. Effect of FTR products and aucti ons on stakehol der
generation in PJM, or represent such an entity) decision electricity sale or production

Energy Market Participant Sl 9
Power Trader |JEIEN 10
Generation Owners EIIIEE 4
LSE I ¢
All Participants | EIIIEIENEENE 19

0 5 10 15 20 25 30 35

m Effects mDoes not Effect Skipped

Source: FGD Questionnaire Survey, Question 36

LSEs and power traders were the ertities that more frequently (i n percentage terms) affirmed that
FTRs did not affect their purchases and electricity sale decisions, ashown in Figure 83and Figure
84, respectively.

Figure 85. Effect of t he availability of FTR products and auctions on stakeholder's business
decisions

Energy Market Participant || ISR 5
Power Trader IR
Generation Owners ||HEEIGEGE 3
LSE INEEE 5
All Participants | IINEGEGENGGEGEGEGEGEGEN 10

0O 5 10 15 20 25 30 35
m Effects mDoes not Effect Skipped

Source: FGD Questionnaire Survey, Question 37
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12.5.4 Views on long-term FTR product

The survey sought stakeholder feedback about the Long-Term FTR (‘LT FTR") product. Two

open-ended questions were asked: (1) howwould you change the definition of LT FTR product,

and (2) how would you change the design of the LT FTRauction. As illustrated in Figure 86, 63%

of the respondents wanted to see a change in the auction design, and 68% preferred a change in

the definition of the product. The o0designd quest
process. |In contrast, t toehe dethits dbfithe iTHFTRoproduct,puckeast i on r
its granularity, biddable points, and term length.

Figure 86. Many stakeholders expressed desire to change both the definition and design of LT
FTR Auction.

Changes to LT FTR Product Design

0 5 10 15 20 25 30 35

m Yes to changes mNo to changes = Skipped

Source: FGD QuestionnaireSurvey, Questions 46 and 47.

Among the respondents, one participant (identified as a generation owner, power marketer, and
transmission utility) answered that they would like to see the LT FTR completely removed. The

remaining respondents who sought to change the design and definition of the LT FTR auction
asked for incremental changes.

While a slight majority of the stakeholders agreed that LT FTR products could be improved, the
preferred path for accomplishing this was not unanimously supported. Only thr ee stakeholders
echoedeach other's opinions, which included (i) introduction of LT FTR options and (ii) making
LT FTR auctions monthly. Other proposals, each from different individual stakeholders,
included:
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to add granular time-of-use LT FTR products, such as 7x8 (nighttime off-peak) or 2x16
(remaining (weekend daytime) off -peak hours);

to allow bidding at generator nodes when a new entrant is building a project and
scheduled to be in service

to allocate LT FTRs to LSEs ancenable them to sell the products at auctions;

to reduce LT FTR auctions to three rounds rather than its current five rounds; and

to establish a price floor and reservation price for LT FTR products during auctions .
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13 Appendix E: Additional details for analyses undertaken to support
Task 3

This Appendix presentsadditional analysis supporting the discussion in Section 6 of this report.
This includes details of statistical analysis on the predictive power of FTR auctions (Section 13.1),
analysis on network capacity allocated during ARR allocation process (Section 13.2), details
related to congestion charges returned to load, and impact of self-scheduling by transmission
zone (Sectionsl3.3to 13.6), details related to FTR pricing and profitability (Sections 13.7and 13.8),

and illustration on dekn bersefitseob non-loea tparticipatiorn im FTIRo n g

auctions (Section 13.9.
13.1 Statistical analyses of annual, monthly, and long-term FTR auctions
1311 LEI 6s econometric methodol ogy

Using regression techniques, LEI tested whether nodal prices from various FTR auctions had any
predictive power over day-ahead CLMPs. Nodal prices from the auctions were used as
independent (explanatory) variables, while day -ahead CLMPs were the dependent variable. The
underlying data was cross-sectional in nature, representing individual nodes on the PJM system.

Individual dummy variab les were introduced to segment the data (a dummy variable of 1 was

assigned to auction results with values of >=0) to address issues of autocorrelation and limited

fixed effects. Nodes with auction prices with N/A were removed. To red uce the degree of
potential heteroskedasticity249in the model, a robust standard error 250 technique was used. All

work was performed using Stata.

13.1.2 Statistical inferences used to interpret the results of the tests

Based on the test results of running the panelregression in STATA, the following analysis was
summarized for each auction type (annual auctions, monthly auctions, and long-term FTR
auctions). LEI also ran a regression using simulated annual auction results to test the relative
predictive power of the auctions if financial partici pants were removed.

F-Stati st i c-s ( adoduimdnts the overall explanatory power of the model. In general, an F-
Stat is a ratio of two quantities that are expected to be roughly equal under the null hypothesis
(i.e., if the model explains none of the variations of the dependent variable, i.e., the auction
clearing prices). Therefore, a larger F-Stat value confirms the regression model's overall

249 Heteroskedasticity, or non-constant variance, refers to the dispersion of the residual in an econometric model. Data
with large values may generate more widely -dispersed residuals. This can result in less statistical confidence
in the resulting elasticity egimates. Heteroskedasticity can be tested for and corrected in an econometric
model.

250 Robust standard errors standard errors are a technique to obtain unbiased standard errors of OLS coefficients
under heteroscedasticity. the presence of heteroscedasticity violates theGauss Markov assumptions that are
necessary to renderOLS the best linear unbiased estimator Best Linear Unbiased Estimator.
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significance and indicates strong fit and the predictive ability of the independent variable (in our
case, auction prices) in explaining the dependent vari able (in our case,CLMPs). The higher the
stat, the better.

The t-statistic or -wall utest§ the hypothesis of statistical significance for the estimated
coefficient on an independent variable, namely if th e coefficient is different from O in a statistically
significant way. In order to reject the null hypothesis, we need to see a t-value greater than the
critical value of 1.96 (for 95% confidence levels). Fvalues show the importance of a variable in a
regression model.

R-squared is the coefficient of correlation and it measures the dispersion of the data around the
line-of-bestfit. The R-squared value for any line -of-bestfit will range from 1 (if all the data points
are exacty on the line-of-bestfit, i.e., a perfect correlation) o as low as 0 (if the data are so
dispersed, or noisy, such that linear relationship is not a good fit ). An R-squared of 0 implies that
there is no correlation that can be explained by the line-of-bestfit. In this study , the R-squared
shows the amount of variance in the CLMPs for each node (y variable) is explained by respective
auction clearing prices (x variable). Goodnessof-fit measure for linear regression models are
reported on a scale of 0 tol; the higher R-squared, the better.

13.1.3 Statistical analysis of annual FTR auction s
LEI ran a multi -variate cross-sectional regression model based on the annual auction clearing
price and respective annualized CLMPs for the 6,014 PJM nodes across three plaming years

( 0 PY 6 YhreaFTH product periods (24 H, on-peak and off-peak). The summary of the results
is as follows:

1. F-Stat results are significant across

Planning Year

auctions. This confirms the auction (PY) 24H |On-peak|Off-peak
resul tds ability |pyri7is 2855.18| 2536.56] 2399.94
congestions, and thereforethe CLMPs PY2018-19 420232| 2153.99] 14595.2
more efficiently. PY2019-20 4989.19| 2408.63| 9566.56

2. T-Statistics across the tets confirm that most of the indedent variables possess estimated
coefficients are statistically significant. This confirms that the annual auction results
explain or predict the dsitribution of rea lized CLMPs CLMPs.

3. R-squared is consistently high across

the PYs and the various FTR products  [RaEREREET R-Squared

in the annual auctions. Though, as a (PY) Off-peak
principle,, an R-squared may capture |PY2017-18 0.6767| 05853 0.7267
the noise in the crosssectional data, it |PY2018-19 0.7138| 0.6467 0.8333
also indicates goodness oflinear fit, in  {Py2019-20 0.6543| 0.5242 0.7475

the relationship between auction prices
and CLMPs. Off-peak FTR product
has higher R-squared values because
there is less likely to be less
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(unexplained) variability in congestion
during off -peak periods.

The results of the regression models show that annual auctions have statistically significant
predictive power for actual CLMPs. This indicates the overall efficiency of the FTR auctions, the
effectiveness of the FTR auctions to set the value of ARRs held by load, and the reasonableness of
price discovery that market partici pants attain o studying annual FTR auction outcomes.

164
London Economics International LLC
717 Atlantic Avenue, Suite 1A
Boston, MA 02111
www.londoneconomics.com



13.1.3.1 Summary of the econometric results of the Annual Auctions in PJM across TOUs (on

covered PY201718, PY201819, and PY201920

-peak, off -peak, and 24h).

Periods

19 . regress CLMP1718_OnP AA171E_OnP 1AA171§_UHP, robust 43 . regress CLMP1718 _OffP AA1718_OffP 1AA1718_OFfP, robust 67 . regress CLMP1718_24H AAL718_24H 1AA1718_24H, robust
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Robust Robust CLMP1828_24H Coef sijbué:r t P>|t] [95% Conf. Int 1]
. . Err. > onf. Interva
CLMP1920_OnP Coef.  std. Err. PN [95% Conf. Interval] CLMP1926_~fP Coef.  Std. Err. £ Pt [95% Conf. Interval] =
AN1920_24H .4888726  .0125244  39.03  ©0.000 .4643204 5134248
AA1928_DFFP .8710825  .0191774  45.42  ©.000 8334879 .9086772 -~
AA1928_0nP 1.261779  .e285487  44.21 ©.000 1.205829  1.317729 1AAL020 DFFP ‘esssic2  p4s7ise  12.15 0,000 466182 454904 14A1920_24H .7657701  .@531168  14.42  ©6.660 661642  .869B982
1AA192@_OnP | -.2116692 .@818693  -2.59 ©.01  -.3721623  -.@51176 - i an . ‘ 1 _cons | -1.2378e1  .8297326 -41.68 ©.e60  -1.295288 -1.178714
o e 251061 -26.98 0.008 1171568 - 9713193 “cons 1.6722 8251677 -42.66 ©.888  -1.121538 -1.822863
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13.1.4 Statistical analysis of simulated FTR auctions

PJM created a hypothetical case where it removed the offers of financial market players from
FTR auctions in 2018/19 PY and simulated the auction outcomes. LEI ran a multi-variate cross
sectional regressbn model based on the simulated annual auction clearing price and respective
annualized CLMPs for the 6,774 PJM nodes in the 2018/19 PY and three FTR product periods (24
H, on-peak and off-peak). LEI then compared the statistical inferences based on thesimulated
auction results against those using actud auction results (see Section6.7). The summary of the
comparative results is as follows:

1. F-Stat results are significant across both annual
auctions and the simulated auctions. However, the FaSITERE] Annual | Simulated
F-Stat is higher in the regression model based on |24 4,202.3 3,277.4
annual auctions, indirectly confirming that annual On-peak 2,154.0 2,197.2
auctions are more efficient with financial  [off peak [ 14,595.2 7,220.4
participants and that the presence of financial
participants further impro ves the predictive pow er
of the annual auctions.

2. T-Statistics confirms that independent variables are statistically significant. However,
as with the F-State, the FStats are higher when we used actual auction prices as
compared to simulated auction pri ces.

3. R-squared is also higher in the models that used
actual auction results as compared to simulated  FRYSIEREN Annual | Simulated

auction results. If we accept that the simulated  |p451 0.7138 0.5342
auction results captured the unbiased impact of o, peak 0.6467 0.489
financial participants on auction dynamics, the Off peak 0.8333 0.6682

comparative values of R-Squared indicates that
presence of financial participants improves the
linear fit of the regression model that exp lains the
predictive power of auction results on CLMPs. 251

The results of the regression models show that annual auctions with financial particip ants are
more efficient (given the higher explanatory power) and can better explain/predict CLMPs.

2511t is important to remember that the R-squared captures noise in data and a low R-squared may reflect on omitted
variable problem (possibly a factor that affected the simulation, which we could not control for in our
regression analysis and comparison).
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13.1.4.1 Summary of the econometric results of the simulated auction results and annual auction results (period covered PY2018-19)

2]
c
o
e~
S 27 . regress CLMP_201819_OnPeak Ann_Sim_NonF_OnPeak 1ann_Sim_NonF_OnPeak, robust 34, regress CLWP_281819_0FfPeak Ann_Sim_NonF_OFfPeak Linn_Sim_MonF_OFfPeak, robust 19 . regress CLWP_201819_24H Ann_Sim Nonf_24H LAnn_Sim Nonf_24, robust
< Linear regression Number of obs - 6,774 Linear regression Number of obs - 6,774 Linear regression Mumber of obs = 6,774
— F(2, 6771) o 2197.21 F(2, 6771) - 7220.35 F(2, 6771) = 3277.38
T Prob > F = e.ee00 Prob > F = e.0000 Prob > F = e.e000
=} R-squared = ©.4890 R-squared - ©.6682 R-squared - 0.5342
c Root MSE = 1.8978 Root MSE = «71291 Root MSE - 1.2614
c

Robust Robust Robust
g CLMP_201813_OnPeak Coef. Std. Err. t Pt| [95% Conf. Interval] CLMP_201819_OffPeak Coef. Std. Err. t Pxlt] [95% Conf. Interval] CLMP_201819_24H Coef. Std. Err. t Px|t]| [95% Conf. Interval]
‘(—U‘ Ann_Sim_NonF_OnPeak 2.845535 .1032885 19.80 0.000 1.843058 2.248013 Ann_Sim_NonF_OffPeak .9298876 .8293812 31.85 8.000 .8722913 .9874839 Ann_Sim_NonF_24M .7024734 832711 21.48 8.000 6383496 .7665971
_ 14nn_Sim_NonF_OnPeak .1189225 .1454565 e.82 0.414 -.166218 .404063 1Ann_Sim_NonF_OffPeak 4733172 0505356 9.37 @.000 43742515 .572383 lnnnjslthanFjl% 3834941 .1806111 3.82 .03 .1062647 .5@@7235
g _cons | -1.541306 .0536713 -28.72 ©.008  -1.646518  -1.436093 _cons | -.7901499  .0300361 -26.31 ©.000  -.B490183 -.7312815 TZons | -1.040367  .048228 -21.57 0.000  -1.134309 -.9458253
n
=
[
3 27 . regress CLMP1S1S OnP AALS19 OnP 1AA1819 OnP, robust 51 . regress CLMP1B19_OffP AAIB1S_OFfP 1AA1B19_OffP, robust 75 . regress CLMP1819_24H AA1819_24H 1AA1819_24H, robust
=
% Linear regression Number of obs - 6,014 Linear ragression Wmber of cbe = 6,924 Linsar ragnession Wb oif cby - #9034
~ F(2, 6011) = 2153.99 F(2, 6811) = 14595.20 £(2, 6011) - 4202.32
P Prob > F - o 6000 Prob > F o.0000 Prob > F - ©.0000
< R-squared - 0.6467 R-squared 0.8333 R-squared = 0.7138
K=l Root MSE - 1.5991 Root MSE .51515 Root MSE - 1.0043
=
(8]
=]
Z Robust Robust Robust :
- CLMP1819_OnP Coef. Std. Err. P [95% Conf. Interval] CLMP1819_~fP Coef. Std. Err. t  Plt] [95% Conf. Interval] CLMP1819_24H Coef.  Std. Err. t Pt [95% Conf. Interval]
ol - !
=] AA1819_OnP 2.154539 .@705653  30.53  ©.000 2.016206  2.292872 AA1819_OFFP 1.026612 .0208833  49.16 ©.000 .9856728 1.06755 AA1819_24H 7752738 0238921 32.45  0.000 +7284367  .8221108
- 1AAIS1S OnP | -.4847759  .1122313  -4.32 9.900  -.7047896  -.2647622 1AA1819_OFfP .2372918  .8398687 5.95 @.900 .1591349  .3154488 1AA1819 244 | -.1203669  .881725  -1.47 ©.141  -.2805772  .8398433
gz ons Tesises  pa78ads 3243  0.008  1.645362  1.457778 Tcons | -.9903253 .@187134 -52.92 ©.000 J1.e2701 -.9536483 _cons | -1.197692 .0348765 -34.34 ©.000  -1.266062 -1.129321
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13.1.5 Statistical analyses of monthly FTR auctions

The monthly FTR auctions at PJM aim to provide residual FTRs available every month. These
auctions give market participants, including the load, ad ditional opportunities to hedge
congestion with an FTR product that is more granular (for a specific month) t han an annual
product. To ascertain if the monthly auctions provide price discovery, LEI ran a multi -variate
cross-sectional regression model basal on the simulated monthly auction clearing prices and
respective annualized CLMPs. LEI focused on the results from monthly auctions for the 2018-19
planning period and the 24 -hour FTR obligation. The monthly auction clearing nodal p rices and
certain dummy variabl es (to identify the timeframe of the auction relative to settlement) were
introduced as independent variables for each node, while the monthly CLMP was the dependent
variable. The monthly CLMP prices were matched with the res pective auction periods. For
example the September 2018 CLMP was used to guage the efficiency of monthly auctions for
September 2A8 products. And in that model, LEI included September clearing nodal price
reported in the August 2018 auction (i.e., the prompt month), and in th e July 2018 auction (i.e.,
the month before the prompt month). Each month was tested individually. The number of nodes
or observations varied by month.

The summary of the results is as follows:

1. F-Stat results are significant acrossmost monthly Months of _F-Stat __ Observations
. . . PY 2018-19 (nodes)
models. Thisconfirms t he aucti on Jun-18] 102576 6,523
predict actual congestions, and therefore the e e e
CLMPs more efficiently. With the exception of a pls 2215 bex
few months (such as Dec18 and Feb19), which Nov-18|_2,500.9 6,494
. < . . Dec-18 191.5 6,536
may have experienceds ome o0di f f i ct Tan19] 27410 6,546
weather-driven congestion, we observe a high F Feb i3 s —
Stat for the monthly auctions . Aprl19 34674 6,489
May-19 6,212.0 6,474

2. T-Statistics confirm that most of the independent variables have estiamted coefficeints
that are statistically significant. This demonstrates that most of the monthly auction
outcomes can contribute positivel y to predicting the pattern congestion .

3. With the exception of a few months (such as Aug- Months of R-Squared Observations
. . PY 2018-19 (nodes)
18, Dec18, and Feb19),in which other factors may 18] 0.6982 6823
have driven congestion (CLMPs), we observe Alul-ig g;ﬁgz g“g
. ug- 3525 , 75!
reasonably high R-squared values for the monthly Sep-18| 08453 6,654
Oct-18 0.7852 6,538
Values' . . . Nowv-18 0.9087 6,494
To conclude, econometric analysis of monthly auctions Dec-18]  0.3156 6,536
. . - Jan-19 0.6452 6,546
suggests that monthly auctions prices are efficient and Feb 19| 02785 6564
provide valuable information to the market about realized Rt 0 s
. . . pr- -7 5
congestion in the day-ahead energy market, supporting May-19] _ 0.8592 6AT4

price discovery.
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13.1.5.1 Summary of the econometric results of the Monthly Auctions in PIJM (24h FTR Obligations), PY2018 -

19

June 2018 to September 201§top-down)

October 2018 to January 2019(top-down)

February 2019 to May 2019(top-down)

a3 .

regress CLWP_Oct18 OctCurrent 10ctCu

15 . regress CLMP_Junel8 lluneCurrent JuneCurrent, robust rrent OctPrompt 10ctPrompt OctPrompt2 10ct 75 . regress CLMP_Febld FebCurrent 1FebCurrent FebPrompt 1FebPrompt FebPrompt2 1FebP
" : f - 5 3 -
Linear regression Number of obs = 6,823 kAnsen: fegression :?:b'zs‘;”“s . Linear regression Number of obs = 6,564
= b F(6, €557) = 983.62
F(2, 6820) = 10257.61 Prob > F . et s e
Prob > F = 0.0000 R-squared . R-squared = e.2785
R-squared = 9.6984 Root MSE - Root MSE - .87786
Root MSE = 1.6345
Robust Robust
MP, f. B . f.
P —— o S::"“Z‘ £ Bl SR Trteal CLP-Oct1s Contss StduiEen $95N Cont.. Interval] CUP_Feb19 Coef. Std. Err. © Pt [95% Conf. Interval]
LHe_June | cisli it I [ onf. JInterval] OctCurrent .295619  .5869758 -.8550456  1.446284
10ctCurrent | -2.689373 4342235 -3,540593  -1,838153 FebQurrent +3635757 . MQEERNS 9,91 o9 +A812298  .AssEenl
1JuneCurrent .6711664  .0672342 9.98 ©.e00 .5393664  .8029664 OctPrompt 3.691597 4697409 2.770752  4.612443 1FebCurrent | -.7641447 .@435028 -16.19 000  -.7894243  -.6188651
JuneCurrent 1.018998  .e152034 67.62 ©.000 .9891944 1.048801 10¢ctPrompt -.1106288 2886806 -.6765373 14552796 FebPrompt -2840246  .0393586 7.22 oee 206869 -3611802
cons -4.222477 .032059 -131.71 @.e00 -4.285323  -4.159631 OctPrompt2 ~2.25274 394128 ~3.02536 48012 1FebPrompt 4245897 -5.63 Lood -.572528  -.2766513
- L 10ctPrompt2 -.4260878  .2352146 -.8871853 0350097 FebPrompt2 -.3337147 -11.69 eee -.3896912 -.2777381
_cons -2.013113 0954695 -2.200265 -1.825962 1FebPrompt2 1.748103 30.52 000 1.635803 1.860403
! _cons | -.3148106 .e417677  -7.54 eee -.396689  -.2329323
20 . regress CLMP_Julyl8 JulyCurrent 1JulyCurrent JulyPrompt 1JulyPrompt, robust 51 . regress CLMP_Nov18 NovCurrent INowCurrent NovPrompt lNovPrompt NovPrompt2 1N 83 . regress CLMP_Marchl9 MarCurrent 1MarCurrent MarPrompt 1MarPrompt MarPrompt2 1M:
Linear regression Nupber of obs _ 6,776 Linear regression I:n:n:e;:’;)ubs - 2524:; Linear regression !Fﬁ(‘:eré'sc;;)ohs - ”:;s::
F(4, 6771) 5020.85 Prob > F - a.0800 Prob > F - ©.0000
Prob > F @.0080 R-squared - 0.9887 R-squared = ©.8188
R-squared = 9.7662 Root MSE = 1.5554 Root MSE = .53995
Root MSE = .86313
Robust Robust
A CLMP_Nov18 Coef. Std. Err. t P t| [95% Conf. Interval] CLMP_March19 Coef. Std. Err. t Pt [95% Conf. Interval]
obus
CLMP_Julyl8 Coef.  Std. Err. t P>t [95% Conf. Interval] NovCurrent 3.235636  .1143537 3.011465  3.459807 MarCurrent .8205309  .0255646 ©.000 7704159  .8706458
1NovCurrent -.720932  .1839685 -1.081571  -.360293 MarCurrent .2822734  .e314421 0.000 .2206367  .3439102
NovPrompt -2338631 891205 -.1368755 6046017 MarPrompt -.0809706 033493 0.016 -.1466279  -.0153134
Jperwc| nmem e we e nems mes | DDT D m G WE O STT O ODEOGD IR R B
ulyCurren - - -16. . - - NovPrompt2 | -2.399669  .1660193 -2.725121  -2.€74216 MarPrompt2 | -.1735431  .8483845 ©.000  -.2683927 -.0786936
JulyPrompt -.5541539  .e461794 -12.80 ©.960 -.6446801  -.4636278 1NovPrompt2 1.834595  .1976936 1.44705 2.22218 1MarPrompt2 .1417381  .es77209 e.014 0285823  .2548858
1JulyPrompt .0895696  .8424512 9.23 @8.822 -.8736482 .0927873 _cons -3.0912 .1078582 -3.302638  -2.879763 _cons -1.711245  .@522672 -32.74 ©.000 -1.813706  -1.6@8785
_cons -1.701211  .e24e132 -70.84 @. -1.748284  -1.854137
27 . regress CLMP_Augl8 AugCurrent lAugCurrent AugPrompt lAugPrompt AugPrompt2 lAugPr 59 . regress CLMP_Dec18 DecCurrent lDecCurrent DecPrompt 1DecPrompt DecPrompt2 1De 91 . regress CLMP_Aprill9 AprCurrent lAprCurrent AprPrompt lAprPrompt AprPrompt2 14|
Linear regression Number of obs - 6,753 Linear regression Number of obs . 6,536 Linear regression Number of obs = 6,489
F(6, 6746) = 1000.55 106, o528) s F(6, 6482) = 3467.38
Prob > F - 0.0000 e e 2 Prob > F = ©.0000
R-squared - 0.3156
R-squared . 0.3525 Root MSE - 2.0567 Resquared = e
Root MSE = 1.3838 Root MSE = 28
Robust
Robust CLMP_Dec18 Coef. Std. Err. t Pt [95% Conf. Interval] Robust
. 3 S eond , CLMP_Aprills Coef. Std. Err. t Pt [95% Conf. Interval]
CLMP_Augls Cosfs: Sta: Rer t Pt [95% Conf. Interval] DecCurrent .4891027 .0490447  9.97 ©.000  .3929591 5852463
1DecCurrent -.9584919  .078073 -12.28 ©.000  -1.111541  -.8054433 AprCurrent 6290578  .0285913 5730095 -6851062
AugCurrent .6953207  .0463122 15.e1 ©.000 .6045341 .7861072 DecPrompt .9262654  .1498573 6.18 ©.000 6324959 1.220035 1AprCurrent .2417186  .0240339 .1946043 2888329
1AugCurrent -.1421966  .0912277 -1.56  0.119 -.3210318 0366385 1DecPrompt | -.4160683 .1298459  -3.22 ©.081  -.6696405 -.1630961 AprPrompt .2584312  .@375775 .184767  .3320954
AugPrompt -.5784603  .0768442 -7.53 0.0  -.7290992 -.4278214 DecPrompt2 | -.7928863 .1251362  -6.34 ©.600  -1.038188  -.5475723 lAprPrompt | -.2239624  .@55494 -.3326889  -.1151159
1AugPrompt 1.338125 .0785999  17.02  ©.000 1.184044  1.492206 1DecPrompt2 .0015002  .1356055 0.01 ©.991  -.2643309  .2673313 AprPrompt2 | -.4264614  .0190894 -.463883  -.3890399
AugPrompt2 .4158467  .0711321 5.85  ©0.000 .2764053 5552881 il M B i i i B v B i Tprovospta s66exse  .esisis: nesn, s
lAugPrompt2 | -.6294846  .0842204  -7.47 ©.000  -.7945832  -.4643861 Lone a y A 5
_cons -1.382842 .9364353 -37.95 ©.000 -1.454267 -1.311418
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June 2018 to September 201§top-down)

October 2018 to January 2019(top-down)

February 2019 to May 2019(top-down)

35 . regress CLMP_Sept18 SeptCurrent 1SeptCurrent SeptPrompt 1SeptPrompt SeptPrompt

Linear regression

CLMP_Sept18

SeptCurrent
1SeptCurrent
SeptPrompt
1SeptPrompt
SeptPrompt2
1SeptPrompt2
_cons

Coef.

1.134087
-1.520938
-.7428177

.9607348

6139946

1.111345
-4.499788

Robust

Std. Err.

0833202
.0857087
.1493983
.1068493
.1036443
.1718009
0816588

13.61
-17.75
-4.97
9.06
5.92
6.47
-55.10

Number of obs - 6,654
F(6, 6647) - 2211.83
Prob > F - 0.0000
R-squared - 0.8453
Root MSE = 1.3175
P>t] [95% Conf. Interval]

9707521 1.297421
-1.688955  -1.352922
-1.035686 -.449949

7528441 1.168625

.4108185 .81717e8

7745599 1.44813
-4.659866 -4.339711

67 . regress CLMP_Jan19 JanCurrent 1JanCurrent JanPrompt 1JanPrompt JanPrompt2 lJanPrc

Linear regression Number of obs = 6,546
F(6, 6539) - 2740.96
Prob > F = 0.0000
R-squared = 0.6452
Root MSE - 1.57

Robust
CLHP_Jan19 Coef. Std. Err. t Pt [95% Conf. Interval)
JanCurrent .9285561  .044167 0.000  .8419743 015138
1JanCurrent .0006824 0780575 0.993  -.1523359  .1537007
JanPrompt .2579236  .€726701 0.000  .1154665  .4003806
1JanPrompt .9182655  .4598129 0.046 .016882  1.819649
JanPrompt2 | -.8973585  .0930789 0.000  -1.079823 -.7148935
LanPrompt2 | .3751879 .4711111 0.426  -.5483439  1.29872
.0545729 0.00  1.011102  1.225064

_cons | 1.118083

99 . regress CLMP_Mayl9 MayCurrent 1MayCurrent MayPrompt lMayPrompt MayPrompt2 May

Linear regression Number of obs = 6,474
F(6, 6467) - 6212.00
Prob > F - 0.0000
R-squared - 0.8592
Root MSE - .72581

Robust
CLMP_May19 Coef. Std. Err. t P> |t| [95% Conf. Interval]
MayCurrent 609643 .0631475 9.65 0.000 .485853 .733433
1MayCurrent 7227792 .0804733 8.98 ©0.000 5650249  .8805335
MayPrompt 6280623 .1366053 4.60  0.000 3602707 .895854
1MayPrompt -.0527101  .0681565 -0.77 0.439 -.1863193 0808991
MayPrompt2 -.2413441 1142566 -2.11 e.e35 -.4653248  -.0173634
1MayPrompt2 | -.3585551 .0553029  -6.48 ©.000 -.466967  -.2501432
_cons -2.87418  .0260798 -110.21 ©.000  -2.925305  -2.823055
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13.1.6 Statistical analy ses oflong-term auction s

The Long-term FTR auctions at PJM aim to provide market participants with the ability to acquire

a 3year forward contract, with auctions held each year in June, September, and December prior
to the start of the 202621 PY. To ascrtain if the long-term FTR auctions can contribute to price
discovery, LEI undertook n a multi -variate cross-sectional regression model based on the LT FTR
auctions that produced FTR obligations (24 hour) for delivery in PY 201819. For each of the 5,694
nodes (CLMP) that could be matched against auction clearing prices in 201819, results from nine
auctions were analyzed as independent (explanatory) variables. The LFT FTR auction clearing
prices included results from 2016-2019 aucton (round -1 year-3, round-2 year-3, round-3 year-3),
20172020 auction (round-1 year-2, round-2 year-2, round-3 year-2), and 201821 auction (round-
1 year-1, round-2 year-1, round-3 year-1). LEI also introduced dummy variables that identified
the number of months between the auction and start of delivery.

The summary of the results is as follows:

1. The F-Stat result is significant (F-value of 2,162.5) confirms the LT auction resultsd
predictive power over actual congestion in the day -ahead enegy market.

2. Most of the indepdent variables have stastically sinficiant T-values at the 95% confidene
level. This demonstrates that most of the LT FTR auction results (and the dummy
variables reflect the duration of time before delivery) contributed to predicting th e pattern
congestion.

3. The R-squared result is high (R-squared of 0.8667). Though the high Rsquared confirms
the goodness of the fit, i.e., the differences between the observed values (i.e.the auction
prices) and model & sthepCiLMPd)iare snealtland/ualiased, yet diven.
that the long-term auctions are at most 3years ahead, the Rsquared may contain much
noise associated with congestion.

The test results indicate that long-term FTR auctions have some predictive power over CLMPs
and therefore positively impa ct the price discovery process.
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13.1.6.1 Summary of the econometric results of the long -term FTR auctions in PJM (24h) for
PY201819

51 . regress HCLMP_201819 HPY1619Y3R1l ThirtySix_months HPY1619Y3R2 ThirtyThree_months HP
> nths HPY1728Y2R2 TwentyOne_months HPY1720Y2R3 Eighteen_months HPY1821Y1R1l Twelve_mo
> hs, robust

Linear regression Number of obs = 5,694

F(18, 5675) = 2162.50

Prob > F = 0.0000

R-squared = 0.8677

Root MSE = .68405

Robust
HCLMP_201819 Coef. Std. Err. t P>|t| [95% Conf. Interval]
HPY1619Y3R1 -.1282491 .08214645 -5.97 ©.000 -.1703277 -.0861765
ThirtySix_months -1.039601 .0661408 -15.72 ©.000 -1.169262 -.90899399
HPY1619Y3R2 -.7634947 .1625639 -7.44 ©.000 -.9645591 -.5624304
ThirtyThree_months -.3163568 .0607258 -5.21 ©.000 -.4354026 -.197311
HPY1619Y3R3 1.472777 .0950386 15.56 ©.600 1.286465 1.659089
Thirty_months -.2377245 .0649715 -3.66 ©.000 -.3656935 -.1163555
HPY1720Y2R1 -.0619301 .8214906 -2.88 0.004 -.1e4e599 -.0198002
TwentyFour_months -.0434395 .0303164 -1.43 @.152 -.1le28712 .0159921
HPY1728Y2R2 -.6398523 .0248844 -1.66 ©.109 -.8886352 .0089305
TwentyOne_months .1785094 .0451948 3.95 ©.000 .0899103 .2671085
HPY1728Y2R3 .1376492 .8547113 2.52 0.012 .0303941 .2449043
Eighteen_months .2268875 .0447856 5.e7 ©.000 .1390906 .3146845
HPY1821Y1R1 .214349 .0826177 2.59 ©.009 .0523868 .3763112
Twelve_months -.7846718 .0676717 -11.59 ©.600 -.9167341 -.6514094
HPY1821Y1R2 .0910662 .1851575 ©.87 9.387 -.115e827 .2972151
Nine_months -.155734 .8560253 -2.78 ©.005 -.2655649 -.845903
HPY1821Y1R3 .1693544 .8763174 2.22 0.027 .019743 .3189657
Six_months -.0614797 .©358789 -1.71 ©.087 -.131816 .0088566
_cons 1.117965 .148795 7.51 ©.000 .8253699 1.40876
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13.2 Analysis of network capacity allo cated during ARR allocation process

To understand the extent of under-allocation of netw ork capacity to load in the ARR/FTR
process, LEI analyzed the share of network capacity being allocated to load during the ARR
allocation process using two methods.

1. ARR MW relative to net MW sold in the FTR annual auction

This analysis compares the MW allocated to load versus MW sold to all market
participants. We wanted to understand the difference in the system capacity allocated in
the ARR process versus the system cpacity sold in the annual FTR auction.

Net FTRs auctioned in an annual auction is defin ed as theamount of FTRs bought less the
amount of FTRs sold over the four rounds of auctions. We used the net FTR auctioned as
a metric because someone who bought an FR path could sell it to another buyer, and in
such a case, the ttal MW of FTR sold by PJM would not change.

The result of the analysis is presented in Figure 87. Over the past six planning periods,
total MWs of allocated ARRS, on average, only represent 21% of the Net FTR volume
traded. This is a low number if we accept that the goal of ARR allocation process is to
distribute as much network capacity as possible to load prior to the FTR auction.

Figure 87. MW of ARR allocated versus net FTR MW auctioned i n annual FTR auction

MW of ARR Net MW auctioned in FTR (buy % of ARR MW vs

allocated trades - sell trades) Net MW traded
2014/15 73,504 324,630 23%
2015/16 78,360 314,346 25%
2016/17 83,075 350,747 24%
2017/18 97,126 475,273 20%
2018/19 105,851 566,709 19%
2019/20 105,557 578,921 18%
Total 543,473 2,610,625 21%

Source:LEI analysis of data provided by PIM.

A drawback of this analysis is that two factors may inflate the MWs of net FTRs auctioned

in the annual auction, which results in a lower % of ARR MW allocated. First, FTR paths
sold in the FTR auction could be counter-flow trades, which should not be consid ered in

an assessment such as this. Second, some of the FTR paths purchased could have source
and sink points that are very close to each other from a network perspective and therefore
should not be additive when considering the overall amount of transmiss ion network
capacity.
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LEI cannot isolate these characteristics of the net FTR auctioned variable, as we do not
have a full network model of the PJM system. Therefore, readers should note that the
metric shown in Figure 88 likely overstates the magnitude of FTR network capacity sold
relative to network capacity allocated to ARRs. This analysis shows the difficulty of
ascertaining whether the same total network capacity is allocated in ARRs and sold in the
annual FTR auctions252Nevertheless, the analysis suggests that there may be a divergence
in the quantity of system capacity allocated in ARRSs versus what is sold in FTRs.

2. Congestion charges load would have receiv ed if they self-scheduled all A RRs into
FTRs, as compared to total congestion charges collected by PIM

In Figure 88 below, LEI demonstrates the hypothetical results over the last six planning

periods from two booken ds for load: if all AR Rs had been self-scheduled in the annual

auction or if all ARRs are held by load. For this analysis, the surplus allocation is excluded

because it is a number that is acting as arue-up mechanism that matches the residual
congestion charges not yet returned to load after the ARR process. We also excluded
balancing charges as we wanted to focus on dayahead congestion charges and ARR/FTR
target allocations, which are both calculated using day-ahead CLMPs.

Figure 88. Congestion returned to | oad under hypothetical bookends: if all ARRs are self -
scheduled or if all ARRs are held by load (0% self -scheduled)

$2,000

$1,500

$1,000
$500 I I I
$0

14/15 15/16 16/17 17/18 18/19 19/20

Nominal $ million

m Day-ahead congestion charges collected by PIJM
Payment to load if all ARRs are self-scheduled (without surplus allocation)

ARR target allocation if there is 0% self-schedule

Source: LEI analysis based on data provided byPJM.

252 E| attempted to estimate the share of network capacity allocated in the ARR process by reviewing constraints data
from the ARR SFT.In the data, LEI observed that there are many network branches that PJM does not monitor
but these br anc imiarébeinhgimpactecthldyshe ARRmallotation process. This suggested to
LEI that the constraints data would not be effective at measuring network capacity available in the ARR
allocation process.
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If all ARRs are self-scheduled (blue bar in the figure above), then the dollars received by
load would be driven by the actual day -ahead congestion charges collected by PJM for the
source and sink points of the ARR paths. The FTR auction price would not affect how
much congestion charges load would receive. In contrast, if all ARRs are retained by load
(green bar in the figure above), the congestion charges returned to load would be entirely
based on the prices emerging from the FTR auction. Whether the eventual day-ahead
congestion charges for such paths are ligher or lower than th e auction price would not
matter.

This analysis provides an objective way to measure how much network capacity has been
allocated to load in the ARR process. Selfscheduling all ARRs into FTRs would mean the
network congestion collected through FTR target allocation would be entirely based on
the quantity of ARR allocated. Suppose there is a significant gap between congestion
charges collected by PJM and the FTR target allocdbn for a self-scheduled path. In that
case, we can concludehat a material share of network capacity is not allocated to load in
the ARR allocation process.

The result shows that in the past six planning periods if all ARRs were self-scheduled,
load woul d have received only 68% of congestion charges PJM collectedhrough the FTR
target allocations generated by ARR paths. This means a material part of congestion
charges collected by PJM is not allocated to load directly through the ARR mechanism but
would have to rely on other allocation methods (e.g., surplus allocation).

If all ARRs are retained, load would have received 72% of congestion charges PJM
collected. However, this higher average number (relative to the 68% under all ARRs self-

scheduled) only means that the FTR auction on average ovespriced ARR paths, this does

not indicate how much network capacity was allocated load.

The drawback of this metric is that it is a dollar value -based metric, not an MW-based
metric. Therefore, we cannot determine what physical percentage of the network capacity
is allocated to load in the ARR allocation process.

13.3 Surplus and balancing charges as a percentage of congestion charges returned to
load

In Section 6.3.2 we stated that the surplus allocation had been a material share of congestion
chargesreturned to load. In aggregate, across PJM, this ratio has been at 18% in the 2018/19
planning period and 20% in the 2019/20 planning period.

When looking into a more detailed allocation by transmission zone, as presented in Figure 89, the
share of surmplus allocated to each transmission zone comparedto the zonal congestion charges
returned to load bounces around. While surplus allocation is always a positive value, some zones
have a negative ratio. This is because the zone itselhas a net negative cagestion charge returned
to load. This is possible because ARR target allocation can benegative and balancing and M2M
charges can also be negative. Therefore, when the net congestion charges paid to a transmission
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zone are negative, a positive surplus all ocation to the transmission zone would result in a
negative surplus allocation as a ratio to the congestion charges paid to the transmission zone.

The range of surplus ratios across the transmission zones is31% to 23% in 2018/19, aml 15% to
55% in 2019/20. Interestingly, the zone with the lowest ratio in 2018/19 becomes the zone with
the highest ratio in 2019/20. The reason is that that zone has a minimal net congestion charges
returned, to begin with. Therefore, a small positive sur plus allocation would already contribute
a large swing in its total congestion returned.

Figure 89. Share of surplus allocation in congestion charges returned to load
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Source: LEI analysis d data provided by PIM.

We also analyzed another metric - M2M charges & a percentage of congestioncharges returned
to load by transmission zone. We looked into this ratio because balancing and M2M charges
because of the allocation of those charges, Balancing and M2M charges are charged to loadased
on real time load and real time export. Although this allocation mechanism is based on the

principle of cost causation @nd tcainsnostt iblel |aa bced reqa

returned to load using a rules-based and nonARR mechanism and therefore worth
understanding how much it impacts total congestion returned to load on a zonal basis. The results
are presented in Figure 90.
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Figure 90. Balancing and M2M charges as a percentage of congestion charges returned to load
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Source: LEI analysis d data provided by PIM.

The result exhibit extremes between zones. In all transmission zones (except for OVEC, which
joined at the end of 2018 and is not shown in the figure), in both 2018/19 and 201920, the
balancing and M2M charges have been negative. For some transmission zones that have a small
ARR credit, to begin with, the balancing and M2M s can be larger than the ARR credits, resulting
in a substantial positive or negative ratio. On average, balancing and M2M charges average-23%,
and -28% of total congestion charges returned to load in 2018/19 and 2019/20, respectively.

13.4 Difference in day -ahead congestion returned to load if load retained ARRS vs.
self-schedule, by zone

In Section 6.6 and in Section 13.2 we compared whether ARR holders would receive more
congestion payments (excluding surplus allocation and balancing and M2M charges) under two
hypothetical bookends: if they retained all th e ARRs or selfschedule all ARRs into FTRs.

In this section, we dive deeper into this same analysis but on a transmission zone bais. The results
are shown in Figure 94in table format. For each transmission zone, we calculated howmuch ARR
target allocation the zone would have received if all th e ARRs are retained and compared it
(subtracted) the FTR target allocation of the zone if all ARRs are selfscheduled. If the resulting

calculation yields a positive number, then that zone w ould have received a higher congestion
payment by retaining its AR Rs. The result show that in years where load (on a PJM systerrwide

basis) would receive more target allocation by self-scheduling (2014/15 and 2017/18), more than
a third of the zones would have been better doingthe opposite di.e., retaining their ARRS.
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Figure 91 Congestion charges returned to load through holding all ARR vs. self -scheduling all

ARRSs, by transmission zone

Zone 2014/15 2015/16 2016/17 2017/18 2018/19 2019/20 Average
AECO (2,394,693 (343,314 4,256,346 4,444,888 (8,702,472 4,888,102 358,143
AEP (68,890,049) 96,009,060 54,182,351 (100,542,674) 56,832,212 103,750,272 23,556,862
APS (33,398,291) 40,747,652 42,039,055 (43,133,188) 18,930,575 29,304,994 9,081,800
ATSI (10,250,218) 38,629,935 14,028,303 (40,736,639) (1,051,206 8,796,515 1,569,448
BGE (45,694,818) (63,226,101) 44,640,476 (31,522,806) 20,980,525 12,348,949 (10,412,296
COMED (72,259,441) (119,017,889) (9,680,647) 26,454,858 57,024,885 24,399,546 (15,513,115
DAY (1,562,613 (1,082,051 2,550,764|  (8,765,454) (4,151,741 5,679,192 (1,221,984
DEOK (7,062,454) (5,990,104 6,034,358 (60,404,640 3,644,281 13,317,050, (8,410,251
DUQ (257,737 805,949 1,664,681 (7,789,188 1,820,931  (2,638,094) (1,065,576
DOM 9,163,608 43,361,622 51,893,928 14,982,987| 12,387,652 34,569,120 27,726,486
DPL (68,338,230 7,078,656 8,812,697 (186,426) (20,523,330) 19,621,869 (8,922,461
EKPC 1,143,085 2,622,221 261,624 2,619,286 (1,494,076) (1,562,538 598,267
JCPL 1,043,881 20,289,790 4,869,251 1,417,729 445,409 3,891,903 5,326,327
METED (263,127) 11,138,788 (683,207 2,759,692 3,120,936 6,462,820 3,755,984
PECO 6,795,247 29,216,907 (45,396 463,939 3,739,240 7,451,049 7,936,831
PENELEC (1,542,775) 23,659,350 9,518,115 (7,360,355 (7,376,015 6,655,863 3,925,697
PEPCO 3,208,946 10,290,038 19,395,992 (10,093,865) 11,791,901 6,999,074 6,932,014
PPL 10,931,251] 22,982,200 5,735,235 (13,571,674) (1,027 (1,767,193 4,051,465
PSEG 21,607,669 64,808,327 27,731,379 (13,927,814) 5585943 24,087,617 21,648,854
RECO ] 91,361 23,303 (97,253 254,363 45,296
Total (258,020,760) 221,981,035 287,296,666 (284,868,040) 152,907,369 306,510,471 70,967,790
Positive zones 7 14 17 8 12 17 14

Zone count 19 19 20 20 20 20 20

% of positive zones 37% 74% 85% 40% 60% 85% 70%)
Note: Positive number means paying to load higher if the transm ission zone held on to their ARRs. This analysis
excludes surplus allocation and balancing, and M2M charges.

Source: LEI analysis d data provided by PIM.

Another observation is that there are zones that would have been better off in all years examined
by retaining all their awarded ARRS, such as the Dominion zone. In contrast, no zone would have
been more profitable by self-scheduling in all years.

13.5 Percentage of ARRs (in MW) that load self -scheduled

In Section 8.3, we stated that, on average, only 30% of ARRs have been selscheduled. In this
analysis, we break down the self-scheduling trend on a transmission zone basis. Figure 92
presents a table that shows the MW of selfscheduled ARRs as a percentageof MWs of ARRs
allocated to each transmission zone in the past six planning periods. The figure shows that the
ratio of self-scheduled ARRs differs drastically between transmission zones. Some transmission
zone consistently self-schedule most of their ARRs (e.g., Dominion), while some zones rarely self-
schedule any ARRs (e.g., AECO and PSEG). There are also zones that started with a high self
schedule ratio but have self-scheduled less ARRs over time, such as ATSI and EKPC.
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Figure 92 MW of self-scheduled ARR as % of MW of ARRs allocated by transmission zone

MW % SS
2014/15 2015/16 2016/17 2017/18 2018/19 2019/20
AECO 0.0% 0.0% 1.1% 0.0% 0.0% 0.0%
AEP 65.29 55.99 52.09 53.09 50.69 55.39
APS 54.39 31.49 28.09 22.09 31.59 34.19
ATSI 52.79 36.19 21.09 0.0% 0.1% 0.1%
BGE 6.2 0.9% 8.3% 6.3% 1.9% 5.6
COMED 6.9% 12.59 9.9% 10.49 9.1% 3.8%
DAY 0.0% 6.3% 8.7 0.0% 0.0% 2.9%
DEOK 22.99 16.49 16.99 13.5% 15.29 12.99
DUQ 2.7% 2.6% 3.4% 0.7 0.7% 0.7%
DOM 89.29 88.99 91.29 92.79 85.89 94.09
DPL 3.6% 1.9% 2.5% 14.79 10.69 16.59
EKPC 48.29 43.09 56.79 29.19 1.2 3.8Y
JCPL 0.4% 0.4% 0.3% 0.1 0.0% 0.4%
METED 2.59 3.29 2.59 3.2% 1.7% 3.9%
PECO 1.3% 0.1% 2.2 0.4% 0.9% 1.4%
PENELEC 13.79 17.39 7.4% 7.0% 7.3% 11.39
PEPCO 8.9% 2.0% 6.2% 3.0% 3.8% 5.4%
PPL 1.8% 0.2% 2.9% 0.8% 0.3% 3.8%
PSEG 0.0% 0.0% 0.7% 0.0% 0.0% 0.0%
RECO ] 0.0% 0.0% 0.0% 0.0%

Source: LEI analysis of data provided by PIM.

One additional observation is that the level of self-scheduling does not appear to correlate with
whether | oad would have been receiving more or lessthe target allocation depending on whether
they retain their awarded ARRSs or self-schedule the ARRs. This observation suggesstwo further
points:

1. It is challenging for load to predict whether the ARR target allocation or FTR target
allocation would be high or low when load has to decide whether to retain their ARRs or
self-schedule, due to the exante nature of the settlement and the price taking requirement ;
and

2. Load may not be necessarily trying to profit -maximize through the ARR/F TR mecharnism.
Instead, their decisions to retain ARR or self-schedule are more likely driven by their
hedging strategy and the composition of their load serving obligation and bilateral
contracts. Therefore, some LSEs may want to self-schedule more if they are fadng a
variable congestion risk, while other LSEsmay want to lock into a fixed price if their
contracts are also based on a fixed priceAn efficient market design should accommodate
various legitimate business strategies.

179
London Economics International LLC
717 Atlantic Avenue, Suite 1A
Boston, MA 02111
www.londoneconomics.com




13.6 Likelihood of obtainin g a negatve value ARRs versus having negative FTR
target allocation when self -scheduling

As discussed in Section6.5, the dual system of property rights p rovides load an opportunity to
obtain a fixed credit253about a year in advance of the spot market instead of a variable congestion
charge (which will be known only after the day -ahead energy market settles)

While in theory self-scheduling would provide load a better hedge if the ARR path matches the
source and sink points of a bilateral contract (because the variable cash flow would match the
cash flow of the bilateral contract), in practice only 30% of awarded ARRs have been self
scheduled. One possible reason for the relatively low level of self-scheduling may be that loads
are @ldoe®ssed and holding a FTR path is per
frequency of a negative payout to load if AR R paths were held (Figure 93) versus self-scheduled
(Figure 94). Theresults show that holding ARRs results in a lower frequency of negative target

allocations as compared to selfscheduling. While this cannot directly prove that load tends to

hold on to their ARRs instead of self-scheduling because d risk aversion, it do es provid e one
possible explanation of the large share of ARRs not being selfscheduled, which in turn suggests
that hedging may be an important element of the ARR/FTR construct for load.

Figure 93. Percentageof ARR MW that would have negative target allocation if they are held as

ARRs
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Source: LEI analysis of data provided by PIM

2530r fixed charge, if the ARR path turns out to be of negative value.

London Economics International LLC

180

717 Atlantic Avenue, Suite 1A

Boston, MA 02111

www.londoneconomics.com

c

e

ved



Figure 94. Percentage of ARR MW that would have negative target allocation if they are self -

scheduled
% MW 2014/15 2015/16 2016/17 2017/18 2018/19 2019/20
AECO 21%) 47%) 8%) 17%) 7%) 18%)
AEP 6%) 9% 17% 7%) 3% 21%
APS 0% 1% 0% 1% 3% 11%
ATSI 3% 269 15% 28% 7%) 33%
BGE 5%) 4%) 3%) 2% 6%) 17%)
COMED 6% 1% 2%) 7% 10% 37%
DAY 1% 7% 28%) 5%) 3%) 11%)
DEOK 6% 6%) 9%) 1% 7%) 5%
DUQ 14% 14%) 31%) 27%) 5%) 5%
DOM 21%) 6% 4% 76%) 0%) 25%)
DPL 1% 3%) 11% 1% 3%) 22%)
EKPC 100% 40% 27% 46% 3% 0%)
JCPL 0% 74%) 68% 30% 14% 20%
METED 7%)| 30% 22%) 15%) 17% 47%)
PECO 61%) 31% 4% 28%) 9%) 19%)
PENELE 2%) 48%) 13% 1% 11% 47%)
PEPCO 56%) 39%) 18% 19%) 4% 27%)
PPL 76%) 45%) 36%)| 12%) 33%)| 37%
PSEG 0% 35% 16%)| 6% 20%) 51%)
RECO 0% 96% 52% 10%
Total 12% 28% 17%) 16% 9% 26%

Source: LElanalysis of data provided by PIM.

13.7 Profitability of gen -to-gen versus non-gen-to-gen paths

In Section 6.9, we presented the breakdown of net profits earned by non-load over the last six
years, planning years 2014/15 to 2019/20. Separately,in Figure 38in Section 6.10 we presented
how load and non -load participate in gen-to-gen and non-gen-to-gen trades. In this section, we
present additional details for these transactions.

For all transactions deared in the annual FTR auctions from 2014/15 to 2019/20, LEI first

categorized trades by load versus nonload (defined by whether the market participants are

classified as an LSE or not). We also categorized these trades bgath, gen-to-gen or non-gen-to-

gen (defined by whether both the source and sink node of the FTR path is a generator bus based

on the oOpnode definitioné |ist provided by PJM to

Therefore, each transaction can fall into one of the four categories: Iad gen-to-gen, non-load gen-
to-gen, load non-gen-to-gen, and non-load non-gen-to-gen. For each of these categories, LEI
aggregated FTR results and calculated an aggregate cost (i.e., auction revenue), an aggregate net
profit, and based on the net profit di vided by the costs, the profitability rate of these trades.

Not e t hat ofarhF@R path is definéd as the clearing price of the FTR path times the MW
cleared. Thi s me agan-totghneatits foolcad arednot oeflectimecohhow much
load actually paid to pu rchase the paths, because selscheduled ARR paths would notionally
have a oO0cost, 6 but in reality, | oad would not p a
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l nstead, the O0costod6 to |l oad f or toftARRtargetatiobatoni s t he
that it would have otherwise received if they held on to the ARRs. To better understand the scale

of this opportunity cost, LEI also calculget-ed the
to-gen paths as a separate lindtem. The results of this analysis are presented in Figure 95 (for

non-load trades) and Figure 96 (for load trades).

Figure 95. Costs and net profit for gen -to-gen and non-gen-2-gen trades done by non -load

Gen2gen path non- Non-load Non-Gen2gen path Non-load

load auction Gen2gen path non- profitability on  non-load auction Non-Gen2gen path profitability on non-

revenue load net profit Gen2gen path revenue non-load net profit Gen2gen path
2014/15 60,849,064 251,835,855 171,917,603 215,780,847
2015/16 197,945,662 (29,818,432 151,598,074 109,588,756
2016/17 26,458,831 94,062,578 266,611,338 (23,164,441
2017/18 47,360,823 239,510,654 152,860,946 242,147,923
2018/19 91,335,486 129,818,270 307,751,291 53,319,588
2019/20 174,734,988 96,029,730 267,163,851 (38,791,043
Average 99,780,809 130,239,774 219,650,517 93,146,938

Source: LEI analysis of data provided by PIM.

Figure 96. Costs and net profit for gen -to-gen and non-gen-2-gen trades done by load

Non-Gen2gen path Non-gen2gen path cost in
Gen2gen path load Gen2gen path load Load profitability on load auction Non-Gen2gen path Load profitability on form of opporunity cost
auction revenue  net profit Gen2gen paths revenue load net profit non-Gen2gen paths to load
2014/15 6,795,238 10,722,046 509,055,434 354,061,759 278,739,718
2015/16 308,976,337 (268,247,295 277,741,479 (3,247,533 334,248,824
2016/17 (1,221,255 (6,158,693 617,152,644 37,223,699 301,090,667
2017/18 11,886,698 32,926,637 330,112,104 241,680,474 157,640,997
2018/19 7,852,391 12,724,064 415,652,082 24,504,136 195,899,454
2019/20 15,486,407 (194,411 387,160,754 (91,934,511 228,994,437
Average 58,295,969 (36,371,275 422,812,417 93,714,671 249,435,683

Source: LEI analysis of data provided by PIM.

Although load suffers fr om a net loss in gento-gen trades while non-load earns a net profit in
gen-to-gen trades, LEI does not think it is appropriate to conclude that load is disadvantaged in
gen-to-gen trades relative to non-load.

The reason is that almostall the losses for bad in gen-to-gen trades occurred in 2015/16. Before
2015/16 (i.e., in 2014/15), load participation in gen -to-gen paths was small, and at the same time,
2014/15 is a highly profitable year for non -load in gen-to-gen paths (over 400% profit). Note that
201415 was the year with record hard winter peak demand in PJM, and such high demand
results in higher-than-expected congestion (and therefore FTR profitability). One possible
explanation of losses made by load in gento-gen trades is that seeing the high prdfit made by
non-load in 2014/15, some load decided to increase its exposue in gento-gen paths and over-
paid for such paths. 2015/16 turns out to be a year with lower levels of congestion, and therefore
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load may not have been able to fully recoup on its expectations. LEI views such potential events
as regular market dynamics and is not reflective of a structural issue in FTR auction.

13.8 Details relating to pricing of FTR options

In Section 6.11, we identified that some FTR options sold at $0/ MW or at no premium over the
obligation product of the same FTR path. We believe these sales would reflect underpricing of
FTR options. Therefore, in Section8.6, we recommended that the FTR market-clearing engine
should be enhanced to eiminate such underpricing.

In this section, we will discuss the magnitude of underpriced options in past FTR annual auctions
and the options clearing logic of the current PJIM FTR market-clearing engine.

In PIM Manual 06 Section 6.2j t i s st &e cearingtptica df and-TRt Option Buy Bid will

never be |l ess than zerod6 and o0[t]he clearing pric:
equal to the clearing price of an FTROb | i gati on f or t he s aimgprigeaft h. 6 Al
an FTR Option is a function of the shadow price of each binding constraint and cannot be
computed directly from nodal prices. o
LEI reviewed all options cleared in the annual FTR auction from 20 14/15 to 2019/20 and tallied
the number of options that cleared at $0, ad option s that cleared at the same price as the
obligation on the same path (referred to as O0no p
profits of these options. The results are presented in Figure 99.
Figure 97. Volume and net profit of underpriced options

2014/15 2015/16 2016/17 2017/18 2018/19 2019/20
MW of $0/MW options cleared 607.10 21.30 32.50 - 183.70 52.00
Net profit from $0/MW options - - - - - R
MW of "no premium" options 954.40 1,782.50 1,141.50 1,171.90 3,488.40 1,640.70
Net profit "no premium" options ($) 173,626.88 7,054,045.44 (220,037.00 (14,604.11] 99,569.32 (3,738.93
Source: LEI analysis of data provided by PIM.
While alll $0/ MW options did not end up with posit

been profitable in the aggregatein three of the last six years. But it should be emphasized that the
main concern should not be whether these options resulted in a net profit dthe concern is that the
existence of these options presents an arbitrage opportunity for participants to earn a risk-free
profit that should not exist in a well-functioning market. Therefore, LElI recommends a review of
the market-clearing engine and adjustments, to eliminate such opportunities from occurring,

even though the size of net profit earned by these underpriced options has historically been small.

13.9 lllustrative estimates of longer -term benefits

As discussed in Section6.13.2.3 LEI estimated the longer-term benefits of having a liquid forward
market. This Appendix provides an ex planation of how LEI calculated the benefits associated
with having a lower run marginal cost of supply facilitated by hedging in the forward markets,
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the hypothetical owhat i1 fdé benefits for retail pr
hedging, and the impact of bid -ask spreads on transaction costs in the forward markets.

13.9.1 lllustrative analysis of the benefit associated with lower run marginal costs of supply
in PIM

LEI calculated the reduction in the benefit of a reduced LRMC by following the ste ps in Figure

98. Using the assumptions based oepwad vaablddsdliecs f i | i n
requirement curve shape and parameters to FERC on October 12, 2028 ( 6 PJ M Oct ober 2
filingd) and t mepezdhthge that gaspahts were prite satting were based on

the 2019 SOM. LEI d e t engmin marginal toste. Figule &&belowcsslowse 6 | 0o

the assumptions used for each variable.

Figure 98. Steps to calculate the reductio n in the long -run marginal costs due to the lower cost of
debt

Step 2: Get
average B bonds, Step 3: Determine
BB bonds and the decrease in
spread of BB and cost of debt due
B from the to a financial
Federal Reserve hedge
Economic Data

Step 4: Calculate
the reduction in
the long-run
marginal costs

Step 1:Determine
the oObas

the long-run
marginal cost

Second, LEI looked at the B and BB US High Yield Index Effective Yield data from the Federal
Reserve Economic Datazss This is also the data used in the PJM Ocbber 2018 filing.256 P J M8 s
October 2018 fiing based the cost of debt of 6% on merchant generators that would have a credit
rating somewhere between B and BB257 Using this approach, LEI looked at the 3-year average of

254 PJM Interconnection LLC. Docket No. ER191050 0 O . OPeriodic Review of Variable Rec:c
Shape and Key Paameters6 Oct ober 12, 2018.

255 Available online at: http s://fred.stlouisfed.org/series/BAMLHOA1HYBBEY and
ttps://fred.stlouisfed.org/series/BAMLHOA2HYBEY

256 PJM Interconnection LLC. Docket No. ER191050 0 O . OPeriodic Review of Vari abl e Res
Shape and Key Par amet er #of M GAry Heinc Octotenl, 2@8.p. B.f f i dav

257 PJM Interconnection LLC. Docket No. ER191050 0 O . OPeriodic Revi ewquioefmenvGurve abl e Re:
Shape and Key Parameters. 6 Attachment D, Afdfidavit of M.
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B, BB, and the spread between B and BB. El used the average of e most recentyears (2017 to

2019) , which is the 1.57% spread as shown irFigure 99.

N

Figure 99. Assumptions used for the cost of new entry for a combined cycle gas plant
Description Formula (i) Base Case Assumptions/Notes
Cost of debt (%) a 6.009 PJM filing
Effective Charge Rate (%) b 11.609 Formula
Overnight costs ($/kW) c $ 785 PJM filing
Levelized capital costs ($/kW) d=bxc $ 91.0 Formula
Difference in levelized capital costs ($/kW) | e = Base Case (d) - Scenario (d Formula
Load factor f 759 LEI assumption
Levelized CONE ($/MWh) g=exf Formula
Load in PIM (TWh) h 772 2019 SOM
% Gas sets price (%) i 69.49 2019 SOM
Load of gas in PJM (TWh) j=hxi 536 Formula
Annual Savings based on notional load in
PJM ($ millions) k=(gxj) Formula
Note: Items (a) and (i) above are fortheBase Case only. These wil |lasdidtessedbelown.n our 0
Sources: PIM filing (October 12, 2018), 2019 State of the Market Report, and LEI
Third, LEI estimated the decrease in cost of debt if a projet has a financial hedge.Credit rating
agencies assess the stability or volatility of a
of contractual support underpinning the revenues and the sources of revenues. According to
Moody d6s, f or eraion@rojgcts with cogteaatual support will receive a stronger score
than projects with merchant exposure because cash flows are significantly less volatile for the
former.28Al so, S&P Rati ngs s has hoecsntractd with offéakerspt hadyds t h a't

could be assessedas havinghi gh mar ket® exposure. 0

Credit ratings correlate negatively with the cost of debt. This means that cost usually increases as
ratings decline. For this illustration, LEI conservativel y assumed that cost of debt would be lower

by a quarter-notch to half- notch for merchant generation projects with hedging. Therefore, using
the 20172019 average spread between B and BB of 1.57% (as seen in the figure below), the change
in the cost of debt for credit improvement of a quarter -notch would be equal to 0.39%, andan
improvement of a half -notch would be equal to 0.78%.

2%Moody68Power Generation Projects Methodology.o6 July 31, 202

259 S&P OProject Met ho

https://www.standardandpoors.com/en _US/web/guest/art

Finance Operations
icle/ -/view/sourceld/8687748 >
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Figure 100 Three-year average of B, BB, and spread between B and BB

Average (in percentage)

Year BB B Spread
2015 6.17 8.64 2.47
2016 5.20 7.39 2.19
2017 4.33 5.70 1.37
2018 5.15 6.56 1.41
2019 4.45 6.38 1.92
2020 4.63 6.56 1.93
Avg. (2015-2017 5.23 7.24 2.01
Avg (2016-2018) 4.89 6.55 1.65
Avg (2017-2019) 4.64 6.21 1.57

Source: Federal ReservdEconomic Data.

Figure 101 Summary of the po tential long run benefits to load from reduced LRMCs ($ million)

Frequency with which new CCGTs are directly or indirectly price
setting in the long run

CCGTs have a 69.4% CCGTs have a 50% CCGTs have an 80%
price setting share price setting share price setting share

0.39% change in cost of
Change in the debt (quarter-notch
cost of debt for improvement)
new CCGT due 0.78% change in the cos
to hedging of debt (half-notch
improvement)

Source: LEI analysis

Lastly, LEI calculated the reduction in the LRMC of CCGTs using this lower cost of debt. Using
the 2019 load of 772 TWh and the market share of gas setting priceghn PIJM of 69.4%, LEI estimated
that the annual savings due to lower cost of debt ranges between $138 million and $276 million.
In addition, using the 772 TWh load and the 50% and 80% gas share&? in setting all -in market
prices, LEI estimated the annual savings due to lower cost of debt ranges between $99 million
and $318 million as shown in Figure 101

260 According to the 2020 Quarterly State of the Market Report for PIM (January to September 2020), natural gas urig
were 73.6% of marginal resources, which is higher than in 2019 where gas units were marginal units 69.4% of
the time (See Monitoring Analytic s , 02020 Quarterly State of the Market
September . 8 November ecduse,of tfisOag Well aspthe ariti€iphted. turnBver in supply
(retirements and new entry), LEI used 80%.
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13.9.2 lllustrative analysis of the impact of bid -ask spreads on transaction costs in forward
markets

As a measure of -aki o pir ddeslydmarketiparticifahts’ absts when making
a transaction. A typical proxy for liquidity is the bid -ask spread,which is the difference between
the lowest price for which a seller is willing to sell a megawatt -hour of electricity (i.e., ask) and
the highest price that a buyer is willing to pay for it (i.e., bid). As shown in Figure 102 In 2019,
PJ M6 s fbnvagdumarkets averaged abid -ask spreadof $0.46/MWh . In comparison, other US
RTOs/ 1ISOs had a higheraverage bid -ask spread, reflecting lower liquidity .261This lower liquidity
translates into a higher transaction cost for participants in the forward markets, ultimately
impacting the overall cost of supply.

Figure 102 Futures bid -ask spreads acrossISOs in 2018 8 2019

Comparative lack of liquidity in other ISOs represented by excess bid-ask spread vs. PJM's

08 08
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P]M's bid-ask spread declined between 2013 and 2019, reflecting increased
liquidity

Source:OTC Global Holdings/SNL , LEI analysis.

To analyze the impact of the increasing cost of losing liquidity, LEI developed a what -if
(counterfactual) analysis based on the bid-ask spreads. PJM has had an average biesk spread
$0.45/MWh to $0. 47/MWh in 2018 -19, with a standard deviati on of $0.21/MWh to $ 0.22/MWh.

PJ M0d s avdeskapmyead irb201819 has been $0.19/MWh to $0.21/MWh lower than that of
MISO and $0.10/MWh to $0.11/MWh lower than that of CAISO. Based on various empirical

2613.P.Morgan Center for Commaodities at the University of Colorado Denver Business School. Liquidity Issues in the
U.S. Natural Gas Market. Sepember 2019.p. 56.
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studies262263264reviewed on liquidity assessments of commodity markets, one standard deviation
in bid -ask spreads is a common metric of analysis.Therefore, LEI incorporated the impact of the

observed 6one standar d bid-ask spmads as andlustrative édbthpdt@aton act u al

of potential increase in transaction costs if the liquidity of the PIJM market was compromised. This
value of $0.21/MWh also aligns with the average difference in bid -ask spreads between PJM and
MISO. We alsotested $0.10MWh for the | ower range of potential changes; this is the observed
average difference between the bid-ask spreads in PIJM and CAISO.

To properly capture the size of the physical and financial forward markets, LEI adjusted the net
load served to reflect current levels of bilateral activity (by deducting spot purchases and self
supply) . Estimates of spot purchases were taken fromthe PIM ARR/FTR White Paper, while the
adjustment for self-supply was based on 2019 reported generation for regulated power plants in
PJM 265

Figure 103 Liquidity assessment on transaction costs in PJIM

Liquidity Assessment on Transaction Costs

Illustrative Lower INlustrative Higher
Range Change in Bid- | Range Change in Bid-
Steps in computation Source Unit Ask Spread Ask Spread
Change in Bid/ Ask Spread (a) OTC Global Holdings/SNL ~ $/MWI $0.10 $0.21
Financial Futures (b) Nodal Exchange and ICE~ MWH 3,843,626,994 3,843,626,994
Bilateral Trades (c) Calculated MWh 391,822,143 391,822,143
Forward Market Load (d)=(b) + (¢) - MWh 4,235,449,137 4,235,449,137
Impact of forward market liquidity
(change in transaction costs) (e) = (a)*(d) - $ $423,544,914 $889,444,319

Source:OTC Global Holdings/SNL , ICE and Nodal Exchange, LEI analysis.

Figure 103 shows the impact of a one standard deviation changein the average bid-ask spread
reported in PIJMfor 2019.Load in PJM is benefiting from lower bid-ask spreads, which have been
facilitated by liquid and efficient forward markets. Pri ce di scovery ari si
auctions support forward market liqui dity and effic iency. llustratively, a $010MWh to
$021/MWh change in the bid-ask spread would increase transaction costs for forward market

ng

for

%2Bj onnes, Geir, Neophytos Kathit-AskbtiSpraads Cian o @Qndés Mar k é 29

University Working Paper Series, 2016102. March 20, 2016

263Roll, Richard, Eduardo Schwartz and Avanidhar Subrahmanyam . oLiquidity and t he Law of One Price: The Case of
the Futures/Cash Basis.6 The Journal of Finance, Oct.2007, Vol. 62, No. 5 (Oct2007)

264 |pikunle, Gbenga, Andros Gregoriou , Andreas G.F. Hoepner, Mark Rhodes oLiquidity and Market efficiency:
European Evidence fromtheWo r | d6s L ar ge s té UGieersity of iedinidaghk e t .

265 Using the S&P Global database, LEI identified the regulated generation plants in PJM. Based on the database, these
plants produced approximately 166 TWh of energy in 2019. LEI assigned this producti on t o | oad

supply. o
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activity in the range of $424 million and $ 889 million a yearin PIJM. Load benefits from these
avoided transaction costs.
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14 Appendix F: Case studies

LEI reviewed the ARR/FTR mechanisms of three ISOs/RTOs, namely CAISO, ERCOT, and
MISO. Section 7 provides a summary of the comparative analysis of the similarities and
differences among these markets. This Appendix provides a more detailed discussion of each
I SO/ RRARRIFEIR auctions, products, and settlement. This Appendix is high level and is not
meant to cover all the business rules of each | SO

14.1 CAISO

The CAISO operates the power grid and wholesale electricity market for approximately 80% of

California and is overseen by the FERC. The remaining 20% of the state is operated by local

balancing authorities and utilities, such as the Los Angeles Department of Water and Power

( 6L ADWP, and Sacrament o Mu2fSMUDpaad LADWPI arei pary of Di st r i
CAl SO86s Energy | mbal bHi ltas andlhaed the CAISO in&kethdd one of the

case studes because of theCRR changesthat CAISO hasintroduced in 2018, namely:

9 increasing the number of constraints enforced by default in CRR models;

9 introducing various reviews to the internal CRR proces®s, changes to business rules and
operational guidance;

1 limiting paths available in CRR auctions to only delivery paths (comprised of source and
sink pairs that are associated with supply delivery to load) ;

1 updating the reporting requirement for transmission outage s to align reporting processes
and CRR auction timeline; and

9 decreasing the transmission capadty available in the annual CRR process.
14.1.1 Overview of the CAISO market
CAISO operates the DAM and real-time energy market, as well as various ancillary services

markets. Following the 1996 FERC Orders Nos. 88&¢7 and 88%68 and State Legislation (AB
1890)269 CAISO was incorporated as anon-profit public benefit corporation to play an ISO role.

266 California Energy Commission. Map of Balancing Authority Areas in California . February 26, 2015.
http://www.energy.ca.gov/maps/serviceareas/balancing_authority.html

267 Federal Energy Resource Commission. Order No. 888:Promoting Wholesale Competition Through Open Access
Non-discriminatory Transmission Services by Public Utilities; Re covery of Stranded Costs by Public Utilities
and Transmitting Utilities . April 24, 1996.

268 Federal Energy Resource Commission. Order No. 8890pen Access SameTime Information System (formerly Real -
Time Information Networks) and Standards of Conduct . April 24, 1996.

269 California 1996 Legislative Service.Assembly Bill 1890: Electricity Utility Industry Restructuring Act. September 23,
1996.
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EIM was launched in October 201470 allowing CAISO to dispatch resources from generators
located in balancing authority areas outside of its service area. The reliability of electric service in
California is governed by the 2004 Resource Adequay policy framework, 271 creating an in-state
bilateral spot market for capacity, which is regulated by the California Public Utilities

Commi ssion (0CPUCOH) . C Al S O dnitoriye7p( aor Dt Mivedpptts boethe Mar k e t

efficiency and effectiveness of the CAISO markets. In addition, the Market Surveillance

Committee (O0OMSCO) , an independent body of retai
recommendati ons about t hesadmnstiered matkdtsvasdescebediro f CAI

the tariff) and, more broadly , market design to the CAISO leadership. The Department of Market
Analysis and Forecasting tracks and reports the performance of the CRR market in CAISO.
CAl SO8s mar ket ¢etlin bigute AOdkelow.s depi ¢

Figure 104 Electricity market structure in California

Policy and Regulation Market Participants

Competitive Wholesale Market (e.g.
PG&E, PacifiCorp, SCE, SD G&E)

California Independent System
Operator (“CAISO”)

*Note: These utilities are often referred to as Utility Distribution Companies .

Source: LEL

CAISO is a much smaller market compared to PJM (79,845 MW installed capacity as of March
2020, comparedtoPJ Mds i nstall ed ¢ 485,489 MW oFigurecldfillastratessy o f
key descriptive statistics for CAISO wholesale electricity market. As of March 2020, over 50% of

270 CAISO. ISO and PacifiCorp Outline EIM Implementation Plans for October 1 . September15, 2014.
<https://www.westerne im.com/Documents/ ISOandPacifiCorpOutlineEIMImplementationPlans -Octoberl.htm >

2711 CAISO. Resource Adequacy. Accessed on October 232020. <https:/ /www.cpuc.ca.gov/ra/>
22The DMM in CAIlI SO can be considered equival efgigw. of an | MM

273 Potomac Economics Monitoring Analytics, LLC. Q1 State of the Market Report for PIJRD2Q May 14, 2020, Table 1-
1,p.3.
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Californiads installed capacity is natural gas, f
other renewables (including wind, geothermal, solar, and biomass) at 28%874of installed capacity,

respectively. However, it should be noted that this installed capacity does not include distributed

generation, such as residential solar photovoltaic installations, which have grown significantly in

recent years. h comparison to PJM, three InvestorOwned Ut i |l it i esyPécdidGdJso) , n
and Electric, Southern California Edison, and San Diego Gas and Electric participate in CAISO.

Under the purview of the CPUC, these I0Us represent a total resource adequacy caacity of about

32,707 MW or 66% of the total average system resowre adequacy capacity27s Further, any utility -

scale solicitations or Requestfor Of f er s (O0ORFOs6), which are compet
the IOUs, are largely overseen by the CPUC?276 Therefore, this market design reflects that

investment signals origin ate from a centrally planned decision than market forces. As a result,

CAl SO6s CRR mechanism focuses only on Purpose #1.

Figure 105 Snapshot of the CAISO RTO, 2 019

CAISO
- Coverage Key facts (2019)

Area Installed capacity 79,845 MW

Energy
Imbalance
Market (“EIM")
Participants

= Peak demand 44,301 MW
" z‘w B Generation 200,475 GWh
mf‘m‘ Transmission lines 26,000 miles
i People served 30 million

- owr

; Area served 80% of land area

O
Installed capacity by fuel type Total generation by fuel type Installed Capacity by i
(2019) (2019) Ownership (2019)
Biomass Geothermal
- Other
Biomass
Hydro

_ Other
P Geothermal
o
300
1904

\ ﬁﬂ\ 000
14%
Nuclear,

Solar
1600 Solar
_Global Intl
_Coal Plonned EM entry 2022
o Nuclear ~ Wind 08 Infra Fl Y
w 8% 70 3 L
74 0%

Hydro
1800

Market Operator
California IS0

EiM ety
| I8 Active porscipant
—Edison I Plasned EIM entry 2021

Note: Figures exclude out-of-state capacity and generation

Source: CAISO, California Energy Commission .

2740n a nameplate basis.
275 CAISO. 2019 Annual Report on Market Issues and Performadieee 2020. Table 10.2. p. 263.

276 CPUC. Utility Scale Request for Offers (RFO)https://www.cpuc.ca.gov/Utility_Scale_RFO/
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14.1.2 Overview of the CRR market in CAISO

Unlike PIM, CAISO does nothave ARRS.CA |l SO6s, AHRRse P dreMidamciakHighisghat
are used to hedge forward market congestion costs in the DAM and manage the variability based
on LMP. Theseforward contracts settle in the DAM energy market price as the price difference
between two locations.

CRRs are availablethrough the CRR allocation and auction processes facilitated by CAISO.277
There is also a Secondary Registratin System where CRR holders can trade and transfer
ownership of CRRs through an electronic bulletin board; however, CAISO is not directly involved
in these secondary trades of CRR278 The key objectiveg7? of the CRRs in CAISO include:

to minimize transmissio n congestion cost uncertainty;
toal l ow mar ket pad mnidcipparcts ftoo dlr@acmlk mi ssi on usze

= =4 =4

to encourage competitive energy trading; and
1 to enhance energy commerce inthe CAISO region.

14.1.3 Evolution of CRRs in CAISO

California's wholesale energy market started with a zonal real-time energy market design (and

the market was administered by an entity separate and distinct from the CAISO). In the aftermath

of the California energy <crisis, the Market Red
initiative wa s launched. This initiativ e included switching the California wholesale market from

the Radial Network Model (i.e., no intra -zonal constraints enforced) to a Full Network Model (all

constraints enforced), introducing LMP at each node, creating a DAM, and | aunching CRRs from

source to sink.280

Similar to other US RTOs/ISOs, the DAM LMP is composed of marginal cost of energy, marginal
cost of congestion ateachbus relative to the reference bus, and marginal cost of losses atachbus
relative to the referencebus.28t

In February 2006, CAISO filed the proposed MRTU Tariff that discussed seasonal and monthly
transmission rights, under the category of short-term CRRs. In September 2006, the proposal on

277 CAISO. Congestion Revenue Righ020.
<http://www.caiso.com/mar _ ket/Pages/ProductsServices/CongestionRevenueRights/Default.aspx >

2718 CAISO. Overview of Congestion Revenue Rights in the New CaldcEnergy Market.March 21, 2006.
279 CAISO. Overview of Congestion Revenue Rights in the New California Energy Mavleeth 21, 2006. p. 4.

280 CAISO. Overview of Congestion Revenue Rights in the New California Energy Mardetrch 21, 2006.
<https://www.caiso.com/Documents/CRROverviewPresentation.pdf >

281 CAISO. Fifth Replacement Electronic Tariff. Appendix C. March 01, 2019.
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the short-term CRRs was given conditional approval by FERC, andin April 2007the proposal
underwent another re-hearing that resultedin f ur t her modi fi cati ons. MTRUGC
included provisions for long -term CRRs282

Currently , CAISO releases the seasonal available CRR capacity ag5% for annual processand
60% in Tier LT process, respectively, alongside 100% of monthly available CRR capacity in
monthly processes283Since October 2019, CAISO is considering extending the CRR market design
to EIM entities. 284

Between 2009 and 2018, CAISO has experience@RR revenueinsufficiency.285This promp ted the
launch of a stakeholder process in 2017to identify fixes. Following the approval of the FERC,
these were introduced starting the 2019 settlement year2s6 These enhancements included
modeling improvements, outage practice im provements, and reduction of capacity released in
the annual CRR process:

1 Track 0 (modeling improvements): discussed the CRR auction enhancements
implemented without introducing tariff changes. The proposal includes internal process
improvements, changes to business rules, armd operational guidance.28” CAISO
implemented the changes in the first half of 2018288

1 Track 1A: discussed CRR auction enhancements implemented with tariff changes. These
enhancements included limiting the paths available through the CRR auction to only
delivery paths (comprised of source and sink pairs associated with supply delivery to
load) and updating the reporting requirement for transmission outages for better

282 The purpose of LTTRs was to allow flexibility LSEs to accommodate po ssible future changes, such as engaging in
long-term contracts with new renewable energy resourcesthat would be in remote areas distant from
customer load centers. Gradual implementation would also allow LSEs to learn how the CRR system works,
to optimize their current and future optimal uses of the grid and prevent uninformed long -term decisions.
Thus, the LTTR capacity eligibility was capped at 20% of its adjusted load metric in year one, with an increase
of 10% per year. The CPUC proposal were subsequerily accepted by FERC.

28CAIlI SO. o0Business Practice Manual for Con@estion Revenue Rig
284 CAISO. 0Extending the Day-ahead Market to EIM Entities, Issue Papero October 10, 2019. p10.
285 FERC. Docket No. ER1926-000. Washington DC. 2018. p. 3.
286 CAISO. 0Report on Results of 2019 Congestion Revenue Rights Updatedd June 24, 2020, p. 1.
287 CAISO. 0Congestion Revenue Rights Auction Efficiency Track 1B Straw Proposald p. 8.
288 CAISO. 0Briefing on Congestion Revenue Rights Performance.6 July 22, 2022., p. 2.
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alignment between the reporting process and CRR auction timeline. FERC approved the
proposed structur al changes?9in June 2018.

1 Track 1B: discussed CRR auctionenhancements implemented with tariff changes. This
included modifying the percentage of capacity released for allocations and auction by
decreasingthe percentage ofthe transmission system cgpacity available in the annual CRR
allocation and auction processes from 75% to 6%86. FERC approved the proposed
structural change2©i n Sept ember 2018. CAlI SOb6s intent
releasing higher capacity in advance that later becomes unavailable in the DAM due to
outages and configuration changes 29t

CAISO continues to monitor the progress of the implementation of these tracks for the CRR
market.

14.1.4 CRR mechanisms

Like PIM, CRRs in CAISO are PTP. The CRR allocation process thSEs is discussed m Secton
14.1.6 below Other entities (non-LSEs) can also purchae CRRs in the CRR auction administered
by CAISO. The CRR processes are separated into the allocation process and auction picess.
Eligibility f or allocation is limited to CRR LSEs, while the auctions are opened to all registered
market participants (subject to the posting of sufficient collateral).

The CRR market participants broadly include the load (LSESs), physical generators, marketers,
and financial entities. The market participants' performance in the CRR market and the DMM
classification of market participants are discussed in Figure 108on page 202).

Between 2017 and 2019over 90% of the CRRs sold in the CRR auctionsvent to non-investor -
owned utilities. LSEs have increasingly participated in CRR auctions by selling their allocated
CRRs, indicating the dependence on auctions to rebalance the CRR portftio by managing
congestion exposure and risk.292

Following the implementaton i n 2019 of CAIl SO0 s CRR revenue
process, the yearon-year CRR auction results showed a material contraction. CRR auction
participation (measured through bid -in volumes) declined by an overall 50% in 2019from the
prior year. The quantity of CRRs cleared in auctionsfell by 57%, and net auction revenues

289 FERC. Docket No. ER181344000 Washington DC. 2018

290 FERC. Docket No. ER1926-000. Washington DC. 2018 p. 4

221CAI SO. OCRR Market Analysis Report.o6 May 12, 2020. p. 11.

22CAlI SO. O0CRR Market Analysis Report.o6 May 12, 2020. p. 5
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declined by 24% to $63 million in 2019 (as compared to an average of $83 million in 2017 and
2018 .293

14.1.5 CRR products

CAISO offers CRRs intwo forms: CRR Obligations and CRR Options. How ever, CRR options are
currently only available to owners of merchant transmission facilities .294

1 CRR Obligation: entitles CRR holder to receive a CRR payment if the congestion in a
given trading hour is in the same direction as the CRRobligation and requires a CRR
Charge if the congestion in a given trading hour is in the opposite direction of the CRR.

1 CRR Option: 2% entitles CRR Holder to receive a CRR payment if the congestion is in he
same direction asthe CRR option but requires no CRR charge f the congestion is in the
opposite direction of the CRR.

CRRs are defined in terms of season (quarters) or months.CRRs are not available for an entire
year, although a market participant can be allocated or canseekto purchase a strip of CRRs for
all four seasons to given it an annual equivalent. CRRs arealso broken down by TOU, namely
peak and off-peak. CAISO offers CRR obligations or options in four tenors, including: 2%

1 Monthly CRR: acquired through the month ly CRR allocation or CRR auction processes
for one calendar month. The CRR allocation and auction process will be discussed in
Section14.1.6

1 Seasonal CRR acquired through the annual CRR all ocation or CRR auction process on a
guarterly basis, as shown below. PJM does not have any seasonal FTRs.

A season 1: January through March

A season 2: April through June

283CAISO.0 CRR Mar ket AnaJMayl®,i2G20.pd.port . 6
24CAlI SO. O0Business PractieeeMaru®Ri gho s adlRevigea: Sldrdh 8 20W.. L

295 CRR options areonly available to project sponsors of a merchant transmission facility that do not elect some form
of regulatory cost recovery. These transmission lines are turned over to CAISO and the developer will not
receive rate-based recovery of the incurred investment cost. Merchant transmission CRRs are allocated
through a separate allocation process (not available through the CRR Allocation and CRR Auction processes)
and the CRR quantity allocated must reflect the incremental capacity the project adds to the CAISO grid.
Source: CAISO. Congestion revenue rights trainli@RRs Oveview. Accessed in October 2020.

2%6CAI SO. 0O0Business Practice Manual f or astRewniged March@m20®Wevenue Ri g
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A season 3: July through September
A season 4: October through December

1 Long Term CRR acquired through the annu al CRR allocation process for a term of 10
years and are allocated on a seasonal/quarterly basis

1 Merchant Transmission CRR: acquired through a separate process and only available for
merchant transmission facilities for a term of 30 years or the pre-spedfied intended life of
the facility, depending on which isless Thi s i s similar to PJMds | A

14.1.6 CRR allocation and auctions

The amount of CRRsthat CAISO allocates (and sells, if any CRRs are left over from the allocation

process is determined by the SFT.In addition, CAISO provides a CRR Full Network Model 297

(0O FNMO) ahead of the monthly and anndkelann@uct i ons
process is conducted once a year andbegins with four allocation tiers, followed by an auction.

The monthly process isconducted 12 times a year and has two allocation tiers followed by the

monthly auction.

The CRR annual process(allocation + auction) is capped at 65% of load and startsaround four

months before the start of the calendar year. CAISO runs the SFT fa each tier of the annual

allocation and the annual auction for all seasons and TOU separately, but simultaneously, for a

total of eight SFTs (4 seasonn peak, and off-peak). Only LSEs and Out-of-Balancing Authority

Area LSEs( 0 OB AS/XLs 6 ) ar o paetitipatg in thé @RRtallocation. Each CRR allocation

process is based on nominations submitted to CAISO by LSEs and OBAALSES.The CRR

all ocation process is, therefore, |ike PJM&s ARR

In the annual allocation process, participating LSEs and OBAALSEs submit their historical load
data, then CAISO runs the SFT to determine theseasonal CRR eligible quantity for each allocation
participant by load aggregation point and TOU period within each of t he four seasons. The
seasond CRR eligible quantity is updated after each tier and reflects rights under Transmission
Ownership Rights and Existing Transmission Contracts, as well as CRRs allocated in previous
years or the previous tiers of the process.

As part of the CRR enhancemens and policies implemented in 2019, CAISO eliminated non-

delivery paths (as part of phase 1A of the 2019 annual process) and only allowed paths that

o0foll ow the natur al di r e c #8Thmsmedn®that chhaesubdecdf thev e r y o f
source to 9nk combinations are allowed. By allowing market participants to bid on delivery paths

only (and not on non -delivery paths), CAISO believes that this will create more competition and

297 CAISO provides the FNM to market participants on demand and upon compliance with applicable Submission
Instructio ns and submittal of a non-disclosure agreement

28CAISO.0 CRR Mar ket An avarkes AnalysiRang Fonedastiig. May 12, 2020p.11.
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thus bring the prices closer to the expeced day-ahead congestion, which then could improve
auction efficiency. Before 2019, market participants can purchase any combination between
sources and sinks, even those that are nordelivery paths. 29

The four tiers of the annual allocation process are described below:

1 Tier 1 (also called Priority Nomination Process): only includes CRRs allocated in the
previous annual CRR allocation process,

1 Tier LT: 9-year extension of what was awarded in Tier 1 up to 50% of the load; and
1 Tiers 2and 3:remaining CRR up to 65% of the load.

At each tier, CAI SO publishes theseasonal CRR eligible quantity, CRR participants submit their
nominations, CAISO clears that tier, and publishes the results. After the four tiers are completed,
the annual CRR auction begins (described in more ddail in Section 14.1.7 below). Figure 106
illustrates the key steps in the annual process.

The monthly CRR allocation and auction processesfollow a similar approach to the annual
process with fewer steps/tiers. The monthly process allocates up to 100% of load, after any
adjustments for outages and derates, and is based on forecasted load data instead of historica$o

CAISO calculates a residual value set aside for the CRR Auctions duringboth the annual and the
monthly allocation process, which will be sold in its respective auction process (the set aside value
from the annual allocation process will be made available at the annual auction and the monthly
set aside at the monthly auction). The setaside value during the annual processis calculated after
tier 2 nominations, and during the monthly process is calculated after tier 1 nominations. The set
aside value is 50% of the residual capacity after the nominations at that Tier and takes into
consideration any allocated CRR in previous tiers or from previous auctions and Long Term
CRRs that are valid for the respective quarter/month and TOU period. For example, 72,328.42
MW was set aside for the 2020 annual CRR auction process alongsid®9,875.76MW for 2021 301

229 CAISO.0 Congestion Revenue Ri ghMasket Beveilaoce @anmittee Mékpnd, sCereral é
Session Mard 13, 2020.
<http://www.caiso.com/Documents/CongestionRevenueRightsPerformanceUpdate  -Presentation-

Marl3 2020.pdfH

300 The monthly process is based on forecasted load except for entities that have load that varies with hydrological
conditions. In this case, they can choose to use either historical or forecasted loadSource: CAISO.0Congestion
revenue rights training & CRRs Overview.6 Accessed inOctober 2020.

301 CAISO. Market Operations > Products Services > Congestion revenue rights > Current processes >Annual 2020 Set
Aside Values published 10/152019 and Annual 2021 Set Aside Values published 10/27/2020 .
<http://www.caiso.com/market/Pages/Prod uctsServices/CongestionRevenueRights/Default.aspx>
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Figure 106 CRR allocation and auction ¢ annual process

Historic Load Data

Eligible Quantity of CRRs that may be requested

Tier 1 — Priority Nomination Process P Nominations
£
nominations up total quantity of seasonal CRRs
allocated in the previous annual CRR allocation Cleared CRRs »
Tier LT Nominations
9-year extension of what was awarded Cleared CRRs
in Tier 1 up to 50% of the load »
it CRR
o Tier 2 P Nominations Participants
o
nominations up to 65% of the load Interactin
calculation of P Cleared CRRs » I h hg
residual set J. t ugh the
aside amounts = Market User
for the auction 18K Nominations
< Interface
\ remaining nominations up to 65% of the load Cleared CERs .
»
Auction P Bids
up to 65% of the load A
(set aside value + CRR hdders selling amounts) Cleared CRRs >
Source: CAISO.

14.1.7 CRR auction mechanisms

The CRR auction mechanism in CAISO is a bid-based market that produces clearing prices, while
the allocation process only awards MW amounts with no dollar value. When the auction clears,
the system calculates a clearing price forevery Aggregated Pricing Node ( 0 APnoded)
published publicly. Auction participants can submit buy offers and/or sell offe  rs for any CRRs
that they acquired in a prior allocation process or auction.

The annual and monthly auctions are open to any registered market participant (subject to the
creditworthiness requirements under the ISO Tariff ).302 So financial participants are not
precluded from a cquiring CRRs. While the buy offers must include a descending price curve, the
sell offers must include an ascending price curve. Figure 107 below demonstrates the steps taken
by CAISO during the auction.

32CAI SO. 0Busi nes sforBongestibn RevenudRigthtal 6 Version 27. Last
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Figure 107. CAISO auction process & annual and monthly

CAISO provides
residual value
information and
creates the CRR

auction markets
(seasons/months
on and off off-

CAISO provides
access to the data
for entities that
signed an NDA

CAISO opens the
bid submission
window

CAISO closes the
bid submission
window

CAISO runs the
SFT for all CRR
auction markets,
reviews, and
posts results

auction process is

CRR auction
participants can
download general

auction results as
well as their
specific
individual results

peak)

Note: The residual value information covers the scheduling point/transmission interfaces after Tier 2 allocation. The
Data for entities that signed the NDA includes the CRR FNM an d assocated commercial data for the auction in play.

Source: CAISO,0Business Practice Manual for CRR. v 276 March 27,2020Q p. 16.

As discussed in Section14.1.3 Tr ack 1A of i@ladedlidifing the pathso avaiiable
through the CRR auction to only delivery paths (comprised of source and sink pairs associated
with supply delivery to load) . Bids to purchase CRRsin the CRR auction must specify the
associated asonmonth and TOU period, and the CRR Source and CRR Bk. All buy bids mu st
follow a piecewise linear monotonically decreasing303bid curve in quantities (up to 20 MW -price
points, denominated in thousandths of MW) and prices ($/MW) , where any bid point is allowed
if the first MW quantity is zero .304 Each price point on the bid cur ve represents the maximum
price the bidders are willing to pay for the next increments of CRR quantity. Bids can be positive
(what the participant is willing to pay to buy) or negative (what the participant is willing to be
paid to buy).

303 A bid structure following a piecewise linear monotonically decreasing curve is composed of straight-line segments
of consistently decreasing and never increasing values. For example: 650 MW at $20/MW, 50-100 MW at
$10/MW, 100-200 MW at $5/MW, etc. For a monotonically increasing piecewise linear curve, it would be the
opposite (price increase as guantity increase).

304 Version 22 - California ISO.
https://bpmcm.caiso.com/BPM%20Document%20Library/Congestion%20R  evenue%20Rights/Congestion
%20Revenue%20Rights%20BPM%20Version%2022_clean.doc
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CRR holders havethe option to either sell the active CRR in the auction as an offer or sell it in the
Secondary Registration System managed by CAISO305

14.1.8 Size of the CRR auctions

According to the CAI SO0s Tar i f CAISRetatés gshatavithsan f i | i ng
efficient CRR auction, prices of auctioned CRRs are expected to generally reflect market
participantsd expectati ons -@feadanarkey assadjustednforthex posur e
risk premium, time value of money, and hedge value. Howev er, CAISO notes that this has not
been the case in recent years as the discount in auction prices relatie to CRR payouts far exceeds

any reasonable risk premium and 3%he time value of

According to CAISO, the majority of CRRs sold in au ctions tend to be generatord §enerator
CRRs, which are sold at a deep discount compared to theexpected return.30” Between 2009 and
2018, CAISO reported losses of over $800 million for transmission ratepayerg(i.e., load).2%¢During
this time, $0.50 in auction revenue was colleded for every $1in auctioned CRRs. To reverse the
trend of these systemadic losses, in January 2019, CAISO implemented reforms for the CRR
market, including:

1 increasing the number of constraints enforced by default in the CRR models;30°
9 limiting allowable C RRsoowr ce and sink pairs to &«ed i very pa
1 reducing the CRR payments based onthe effectiveness of constraints3:!

305 CAISO provides the Secondary Registration System( 0 S Rf6r@ny registered Candidate CRR Holders and CRR
Holders to facilitate and track the CRR bilateral transactions that occur between CRR Holders. The SRS is a
subsystem within the CRR system. Sour c e: CAl SO. OBusiness Practice Manuae
Ri g h tessio27.Vast Revised: March 27, 2020.

306 Federa Energy Regulatory Commission. Docket No. ER1926-000. Washington DC. 2018
307 CAISO. 0CRR Revenue Adequacy, Auction Values, and Settlement Rulesd CAISO MSC. April 04, 2018., p. 19.

308 CAISO. oProblems in the performance and design of the congestion revenue right auction. 6 November 27, 2017., p.
5.

309 CAISO. 0Congestion Revenue Rights Auction Efficiency, Track 1B Straw Proposal$ 2018. April 19, 2018., p. 8.

310 CAISO. oCongestion Revenue Rights Auction Efficiency, Track 1A Draft Final Proposal Addendum, 2018.6 March
08, 2018., p. 30.

311 CAISO. oCongestion Revenue Rights Auction Efficiency, Track 1B Draft Final Proposal Second Addendum, 2018.6
June 11,2018, p. 29.
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In line with the discussion above, i n 2019, CAl SO06s net CRR awuct
million fr om an average of $83milli on in 2017 and 2018. This net auction revenue is received by
the ratepayers, distributed by the load share.312

Between 2018 and 2019, each category of market participants experienced a decline in net
revenues. While the financial entities experienced the most significant absolute decrease in net
revenues, the physical generator and load lost most in relative terms. Further, the slightly
negative revenue for physical generator and load reflects that the hedges did not compensate for
the congestion charges paid. Figure 108 summarizes the CRR market's performance, broken
down between various market participants in the last two years.

Figure 108 Performance of CRR market participants in CAl SO
Net Net
CRR Market DMM Revenue - Reve;me -
Participant categorization 2018 2019
P & (Auctioned | (Auctioned
Rights) Rights)
Own no physical
energy and Paid 50.63 in auction
Financial participate in i Tl revenues per dollar of
Entities convergence bidding $91 on $23 on | CRR payments
and CRR markets as received
financial entities
On the interties and
those whose Paid $0.92 in auction
portfolios are not ) dollar of
Marketers primarily focused on $24 million $3 million Ee%;n;:;mp::‘tso e
physical or financial received
participation in the
150
Physical Participate in the ISO Paid 51.20 in auction
G t rai :
enerator as physical generators $16 million | (33 million) revenues per dollar of
. . CRR payments
Participate in the ISO )
Load received
as LSEs
Source: CAISO, 2049 Annual Report on Market Issues and Performance6 313

312 CAISO. 02019 Annual Report on Market Issuesard Per f or ma2020ep. 226. J u n e

313 CAISO. 62019 Annual Report on Market Issues and Performance6 June 24, 2020pp. 13, 24, 153, 160, 23234, 289.
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14.1.9 Settlement

According to the CRR Training, OSFT is applied

MW quantity or quantities) that are allocated or auc tioned do not create entitlements that
generate more payout to CRR hdders than what is brought into the ISO by congestion revenue

in the DAM. 6314 The SFT mechanism ensuresgross revenue adequacyg?s if the transmission

capability used in the SFT matches the ore used in the DAM. An imbalance may result in

congestion revenues collected to be insufficient to fully fund the CRR settlement awarded by

CAISO. The DMM has identified such imbalance to be a key cause for the historical CRR gross
revenue inadequacy .36 The imbalance can beattribute d to various factors such as:

9 the difference in the constraints modeled by the SFT and the DAM,;

91 the topology of the transmission grid changes between the time the SFT is performed and
by the DAM; and

1 frequency of the SFT (monthly peak and off-peak) against the DAM (hourly). 317

Therefore, DMM proposed the alignment between the CRR Simultaneous Feasibility Test and the
market model.

In the past, CAISO used to account for CRR revenue inadequacy through an uplift charge to the
LSEs basé on the measure demand (i.e, metered demand and exports). In January 2019, this
method was changed to a CRR Partial Funding mechanism that pays CRRs a value less than or
equal to the amount of congestion charges collected in the DAM. A shortfall in the v alue of the
CRRis pro-rated based on the impact of the CRR on the deficit by constraint. In line with the CRR
Auction Efficiency Track 1B discussed in Section14.1.3 when there is a shortfall in the congestion
revenue on a patticular constraint (i.e., when Integrated Forward Market congestion charge
collected is less than CRR payout), the impacted CRRs are discounted, and the CRR payment is
reduced from its nominal value. 318

314CAISO.01 SO Congesti on RevenueMaR?26g2b816,§FigufeQRRG5. Tr ai ni ng. 6

315 Gross RevenueAdequacy refers to the difference between day-ahead congestion charges collected by CAISO and
the CRR settlement that must be paid by CAISO, without considering any revenues realized in the CRR
auction.

316 CAISO. 0Allocating CRR Revenue Inadequacy by Constraint to CRR Holders. 6 October 06, 214.
317 CAISO. 0Contingency Modeling Enhancements CRR Alternatives Discussions.6 February 19, 2016. p. 3
318 CAISO. 0Business Practice Manual for CRRs, Partial Funding @alculation Attachment J. V24. March 6, 2019. P173
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Positive auction revenues are credited to the CRR balancing fund since the CRR holders are
paying CAISO to acquire CRRs, and vice versa. CAISOcomputes surplus/shortfall on the CRR
payouts on an hourly basis. The SFT results are tracked by the CRR Balancig Account .319

14.1.10CRR settlement rule

CRR Settlement rule aims to limit CRR paym ents to entities if they increased the value of the
CRRs they hold using virtual bids. CAISO implemented convergence bidding or virtual bidding
in its energy markets in February 2011.320

The scope of the CRR Settlement Rule includes CRR diders that particip ate in convergence
bidding. If the convergence bid impacts a constraint and the directional flow of impact is larger
than 10% of the line's thermal limit, the CRR settlement rule is applied. The flow chart in Figure
109explains the mechanism of the CRR Settlement Rule.

Figure 109 Mechanism of the CRR settlement rule in CAISO

Broad Steps in the A t <—— Computation of the Impact ($) of CRR Settlement Rule (by hr.) —*
Is the Convergence Bidding entity a CRR holder? (and) CRR Settlement Awarded Virtual Bid (MW)
Did a virtual bid have an impact on the constraint? No Rule does not apply i
| Ye Maximum Line o9 Constraint mm  Flow Impact
H 3 b 2 —
Was the directional flow of impact > 10% of the CRR Settlement Constraint (MW) Threshold: 10% Threshold (MW)
thermal limit of the line? No Rule does not apply
| ve Y IfStep 1 > Step 2, the Awarded Virtual Bid had a significantly impact
Each convergence bid that impacted the constraint will r 4
be analyzed for an adjustment payment amount by hr. | n ] Dégl-—aheafd = R‘?:ll-"fm;e L x %tx of é:g}u — - CRR .
H H e Ol e O e Vo
l o | Constraint () Constraint () | Hour (MW) Rule Payment
: i Adjustment ($)

DMM determines if CRR portfolio profited from the
directional flow of impact and charges

Source:CRR Settlement Rule.0oCongestion Revenue Rights Settlement Rule ADDENDUM, 20176 March 09, 2017

Comparedt o PJ MO serfiler f EAL B80O6s CRR Settl ement Rul

when the flow i mpbdetdspfent CRROgi hbual awar d

limit for each transmission constraint. When this happens, the CAISO adjusts the CRR revenues.
The 10%threshold is the same as PJM. However, unlike PJM, CAISOdoes not have the $0.01

threshold. In addition, CAISO provides its participants with information such as:

- DFAXfor each constraint that binds in the day-ahead and reakttime market within three
calendar days of the market day; and

319 CAISO. 0ISO Congestion Revenue Rghts (CRR) Training.6 May 26, 2016., Figure 18, pp. 658.

320 CAISO. 0Congestion Revenue Rights Settlement Rule ADDENDUM, 6 2017. March 09, 2017., pp. .
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- transmission limits for all constraints in the day -ahead and reattime markets.321

Theseare important information for the participants to monitor and modify their behavior so that
CRR Settlement Rue does not unduly constrain market activity. 322

14.2 ERCOT

ERCOT operates the transmission grid and administers the wholesale electricity market in most

of Texas. The ERCOT controlled areacovers 7 of t he st tasmdprovideseneyy ar e a
to 90% of its total load.324ERCOT has a cangestion revenue rights product, which is equivalent to

the FTR in that it is PTP based. ERCOT does not have ARRs or an ARR allocation process. LSEs

are directly allocated a share of the CRR auction revenues. Similarly, the wholesale transmission

sewvice in ERCOT is based on a postagestamp methodology 325 in which the load pays for the
transmission expansion.

LEI included ERCOT as one of the case studies becausé allocates congestion rights to load,
which differs starkly from that currently employed at PIM. On the other hand, there are many
similarities between FTRs in PJM and CRRs in ERCOT, including the PTP nature of CRRs and
FTRs,annual or long-term326 FTR/CRR product (6-month term), and treatment of LSES vis-a-vis
the CRRs. Until 2018, ERCOT was the secord-largest FTR market both in terms of auction
revenues and the Day-ahead congestion charges in the US.

14.2.1 Overview of the ERCOT market

Unlike other ISOs, which are subject to FERC oversight, ERCOT operates under the regulation of
the Public Utility Comm issionof Texas (O0OPUCTG6) as ERCOT is not sy
the two major US interstate grid systems, the Eastern and the Western Interconnections. Potomac
Economics is theequivalent of IMM in ERCOT, employed by the PUCT. ERQOT operates a nodal

21XO0 EnerggfomlmbCi aat of XO Ener gy Apsl8 2020.M50. nt erconnection, 6
322 |bid.

323 Other parts of Texas are served by utilities belonging to the Southwest Power Pool, the Southeastern Electric
Reliability Council, and the Western Electricity Coordinating Co uncil.

324 ERCOT Market Monitoring Unit. Monitorin g Analytics, LLC. oState of the Market Report for PIM, 2019 May 14,
2020, p. 9.

325 Note: under this, socialization of costswas an important incentive to the companies that ultimately built the
Competitve Renewab |l e En eCRBZp prjects. e faft that the CREZ costs would be reflected in
rates made cost recovery more certain which in turn supported effective financing of the projects.

326 Annual auctions and long -term auctions are considered same inthis analysis.
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real-time balancing market and a nodal DAM and an ancillary services co-optimized market .327
Figure 110illustrates the ERCOT market ecosystem.

ERCOT has an energy-only market design (no capacity market). ERCOT has a volun tary
(physically non -binding) but financially binding DAM . Since 2013ERCOT has set an offer caat
$9,000/MWh 328that is linked to the value of lost load, which is used to achieve adequate scarcity

pricing (and therefore liquidity ) in an energy-only market design. In comparison, PJM has an

energy plus capacity market design, and is both a physically binding and financially binding day-

ahead energy market (however, the DAM transactionsin PIM will not physically flow unless they

are also submitted in the Red-Time Energy Market). As of March 31, 2020,
generation capacity of 185189 MW 329is almost double the ERCOT market size 102,000 M\\g30

installed capacity). The global market for corporate renewable energy deals in 2019 was around

19.5 Q. Of this, nearly, 30% of all the energy deals signed were inTexasfor about 5.5 GW worth

in new contracts33! with oil and gas producers starting to become active participants. The
development of new industrial facilities in the Far Wed Texas region's coatal areascontinuesto

drive the robust growth in peak electricity demand
and congestion. Figure 111 summarizes some of the | QSEsare responsible for scheduling,
key statistics describing the ERCOT electricity market. | telemetry, and settlements on behalf
of LSEs and REs. QSE can participate
ERCOT wascreated as an 1ISOin 199. It expanded its | in the DAM and the RealTime
offering from a broker of wholesale power to a | Marketas a power marketer (without
platform in 2002 that enabled Texas electric utility | representing generation or load)
industry to transition to retail competition. At the time
the wholesale market was real-time and zonal in | REs either own and/or control
nature. Nodal design was introduced in December | generation resource, load resource,
2010332 along with a new DAM . ERCOT d s 1 and/or non -modeled generator

327 In January 2019, the PUCT gaveERCOT direction to implement Real-Time Co-opt i mi zati on (ORTC6) t
overall energy and AS costs by allowing resources to procure energy and AS simultaneously in the RealTime
Market. RTC should be imple mented by mid-2 0 2 4 . See OBoar d-Tithd Gocoapttiiomi zoant | Rerdl,
ERCOT, October 8, 2019

328The Public Utility Commission of Texas. Esbimating the Economically Optimal Reserve Margin in ERCOT. 6
January 31, 204. p. 1.

329 Potomac Economics. Monitoring Analytics, LLC. Q1 State of the Mrket Report202Q May 14, 2020, Table 1-1, p. 3.

30 pResource Adequacy Chall enges |I|i DefendeeBumds Web.2NMag (2620. Envi r on me
https:/www.edf.org/sites/default/files/documents/EDF -ERCOT-Report.pdf >

331 gTexas Is the Center of the Global @rporate Renewable Energy Market. &reentech MediaJanuary 28, 2020.
<https://www.greentechmedia.com/articles/r  ead/texas-is-the-center-of-the-global-corporate-renewable-
energy-market>

3329 Nodal S ¥EREQT rhaunches Improved Wholesale Market Design. NB&leaseWeb. December 01, 2010.
<http://www.ercot.com/news/releases/show/349>
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ecosystem includes Qualified Scheduling Entites ( 0 QSEs 6) , LSEs,

Tr ans mi

Di stribution Service Providers, and Resource Ent

Figure 110 Electricity Mar ket Structure in Texas

Policy and Regulation Market Participants

Competitive Wholesale Market

(e.g. Vistta, NRG Energy, Calpine, Dynegy)

Texas Legislature

Electric Reliability Council of Texas (“ERCOT")
Public Utilities
Commission of

Texas (“FUCT")

Texas Reliability
Entity (“Texas-RE")

Retail
fe.g. Reliant, Constellation, Cimo, Direct Energy, etc)

Source: LEI

Figure 111 ERCOT: Snapshot, 2019

ERCOT, Interconnections Map Key facls (2019)

Installed (de-rated) 81,316 MW
capacity

Peak demand 74,820 MW
Generation 383,429 GWh
Transmission lines 46,500 miles
People served 26 million
Area served 75% of land area
- v ok E=n
jasislec (de;;';l:‘fz)(;:g};““y by el Total generation by fuel type (2019) Installed capacity by ownership (2019)
CPS Energy LCRA
Solar Hydro  Oth, TexGen Power LLC
Nodeuan_ 100 1 - "
.-;- Panda Energy
Wind Intl Inc.
80 20
Energy NRG Energy
Capital Inc.

Partners 1200

Sources: ERCOT,; commercial third-party database.

Note: Non-coastal wind de-rated to 16% (except Panhandle region, 29%) in line withERCOT planning practices;
coastal wind de-rated to 63%; solarde-rated to 76%.
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While only a small share of the power produced is transacted in the real-time energy market,333
real-time energy prices aid in setting expectations for prices in the DAM and bilateral forward
markets. The DAM allows participants to make financially binding (but not physically binding)

forward purchases and sales of power for delivery in real -time, with no operational obligations.
Furthermore, ERCOTO06s Nodal Mar k eompooepteimclade the @RR Auctrog r k e t
DAM , Reliability Unit Commitment ,334and RealTime Operations.

ERCOT maintains a single property right system where load is directly allocated auction
revenues from the sale of CRRs. Further, ERCOT uses a socialized trasmission rate approach as
compared t o PJ Mssienrateanethodologyr a n s mi

1422 Bri ef history of the ERCOTds CRR market

With the implementation of the Nodal Market Design in December 2010, ERCOTintroduc ed the
CRR program that replaced the decadeold Zonal Transmission Congestion Rights335 program
that operated within the zonal real -time market design that existed before 2010 in ERCOT

As described in CRRA MUI User Handbook, the main purposes of the CRR program were "to

support a liquid energy market by prov iding tradable finan cial instruments for the hedging of
transmission congestion charges, to allow market participants to eliminate or greatly reduce the

cost uncertainties resulting from transmission congestion charges, and to encourage competitive

energy trading, where the costs o congestion might otherwise be an impediment."3¢ERCOT 3 s

goals explicitly acknowledge that there are two purposes to CRRs, similar to the findings LEI

devel oped for PJMds ARR/FTH® mechanism under Sectd.i

33BERCOT Market Monitoring Unit. Moni t oring Analytics, LLC. o0State of the Mar|
p. 8.

334ERCOT continually assesses the adequacy of marketpar i ci pant s resource commitment dec.i
unit commitment (RUC) process, which executes both on a day-ahead and hour-ahead basis. RUCs might be
required to meet the projected system-wide demand and make a specific generator available resolve a
transmission constraint. See oTransmission Congestion Rights. 6ERCOT. Web. November 02, 2Q20.
<http://www .ercot.com/services/programs/tcr>

335 The TCRs were introduced in ERCOT in February 20@ when ERCOT was still under a zonal pricing. ERCOT
impleme nted a direct-assigned allocation process for settlement of zonal congestion costs. During that time,
the ERCOT market was a bilateral market and did not have a spot market. A small number of comme rcially
significant transmission constraints (CSCs) were identified yearly. The TCRs worked as a financial hedge
against interzonal congestion costs to receive payment atthe shadow price of energy for the congestion value
of the CSCs. See OReliabilty Unit Commitment. 6 ERCOT. Web. November 12, 2®20. <
https:/mww .potomaceconomics.com/wp -content/uploads/2020/06/2019 -State-of-the-Market -
Report.pdf >

386 ERCOT.0CRR - MUI User H andbook (Document Version: 2.10),6 September 10, 2011., p. 6
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In addition, ER COT introduced the semi-annual sequence of four consecutive sixmonth CRR
Auctions selling CRRs up to two years in the future in May 2012, as a part of the CRR auction
structure enhancementss337 Factors supporting the introduction of this feature included:

1 greater liquidity due to higher frequency for any given date range of CRR products to be
sold; and

1 frequent market valuation and price discovery of CRR products help market participants
better understand the holdings' evolving valuation and risk.

Moreover, ERCOT established the rolling Balancing Account Fund 338in June 2013 to streamline
the auction settlement process.

14.2.3 FTR mechanisms

The flow of funds process associated with the CRR trading commences with the acquisition of
CRRs, followed by settling of the CRR trade and collecting/distributing of CRR auction revenues
to the beneficiaries, namely load, as shown in Figure 112 Each item will be discussed in the
succeeding sub-sections.

Figure 112 Flows of funds related to CRRs in ERCOT

BERCOT.0 CRR Auttriuemu®%e EnhanceiMay0lda. 6 NPRR463.

338 ERCOT. 0CRR Bdancing Account Fund. 6 NPRR580. June 2013.
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