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Disclaimer  
 

While London Economics International LLC (òLEIó) has taken all reasonable care to ensure that its analysis is 
complete, power markets are highly dynamic, and thus certain recent developments may or may not be included 
in LEIõs analysis. Market participants and PJM stakeholders should note that: 

¶ LEIõs analysis is not intended to be a complete and exhaustive analysis of PJMõs Auction Revenue Rights 
and Financial Transmission Rights market. All possible factors of importance to all market participants 
have not necessarily been considered.  

¶ No results provided or opinions given in LEIõs analysis should be taken as a promise or guarantee as to 
the occurrence of any future events. 

¶ Neither LEI nor its employees make any representation or warranty as to the consistency of LEIõs analysis 
with tha t of other parties. Professionals may have different views and opinions and may apply their 
professional judgment to come to different conclusions.  

LEI, its officers, employees, and affiliates make no representations or recommendations to future events in PJMõs 
markets. LEI expressly disclaims any liability for any economic loss or damage arising or suffered by any third 
party as a result of that partyõs, or any other partyõs, direct or indirect reliance upon LEIõs analysis and this report. 
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1 Executive Summary  

London Economics International LLC (òLEIó) was engaged by PJM Interconnection LLC (òPJMó) 
in August 2020 to provide an independ ent assessment of PJMõs financial transmission rights 
(òFTRó) market and auction revenue rights (òARRó) mechanism. The key objective of this 
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 
load1 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 not known until after settlement of the 
day-ahead energy (òDAMó) market. ARRs, on the other hand, are entitlements 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  

 

 

1 In this repor t, load is used to mean end-use customers and other firm transmission customers. 

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

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?

Is this purpose still required and if it is addressing a problem, are there alternative 
ways to eliminate the problem entirely?

Scope of Analysis for ARRs and FTRs

Are there additional purposes and/or sources of value to the market that ARRs and 
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?

Are there changes in market design, execution or product tenor that would improve 
delivery of these instrumentsõ purposes, either through increased efficiency, greater 
equity, a better optimized delivery of value or lower risk to load, or in some other way?
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PJM asked that LEI address seven key questions, which are listed in Figure 1. The answers to 
these questions are provided at the end of this Executive Summary. 
 
LEI employed a research-based approach to address these fundamental question s, leveraging 
quantitative and qualitative methods of analysis. The work plan was divided into  five t asks, 
which are depicted in Figure 2. Task 1 starts with the identif ication of  the original rationale or 
purpose of the ARR and FTR mechanisms. Task 2 presents the evaluation criteria LEI selected to 
assess the 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 Market Monitor (òIMMó), and PJM staff as part of Task 3, LEI also compared PJMõs 
ARR/FTR design  with the mechanisms used in three other US power market (Task 4). Lessons 
learned from other jurisdictions, input from PJM stakeholders, and LEIõs independent findings 
in Task 3 provide the basis for LEIõs recommendations and suggested enhancements (Task 5).  

Figure 2. LEIõs approach to this engagement 

 
 
 

 

Research and data collection

ÅFERC Orders, PJM filings to FERC

ÅPJM Manual, and other training materials

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

ÅState of the Market reports, published metrics  (PJM and other select US 
RTOs/ISOs)

ÅPresentations from stakeholders made in prior Task Force meetings

ÅStakeholder input (interviews, survey questionnaire responses)

ÅARR and FTR market data related to ARRs /FTRs (PJM and other select US 
markets)

ÅData from IMM (on past auction outcomes and description  of their 
proposal)

ÅData from outside PJM markets (bilateral trading data (EQRs), futures 
traded on exchanges)

Qualitative and quantitative analysis

ÅConsideration of purpose (Task 1)

ÅSelection of criteria (Task 2)

ÅQualitative and quantitative evaluation of actual outcomes in PJM (Task 3)

ÅIdentification of how rules changes over time impacted outcomes (Task 3)

ÅComparative analysis of PJM and other markets (Task 4)

Formulation of findings and recommendations

ÅShould the current construct be retained (Task 3)

ÅLessons learned from of other US RTOs/ISOs(Task 4)

ÅRecommendations around potential enhancements (Task 5) 

Define measurable criteria 
for the evaluation of 

ARR/FTR mechanisms
2

Evaluate existing 
ARR/FTR construct and 

identify issues

3

Assess ARR/FTR 
construct in other US 

markets

4

Propose enhancements to 
the current ARR/FTR 

5

Tasks

Identify the purposes of 
the ARR/FTR

1

Approach
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1.1 Identifying the purpose of  the ARR/FTR mechanisms (Task 1) 

Based on LEIõs independent research, there are two purposes to the ARR/FTR mechanisms: 

¶ Purpose #1: Facilitate the return of overpayment  in locational marginal prices (òLMPó) 
(known as congestion charges) back to load; and 
 

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

FTRs were created as a consequence of the decision to implement LMP in energy spot markets. 
The use of an LMP design with open access ensures the 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 ð 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 lower-pri ced resources outside the local area. 
The local 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 
out to generators, resulting in what is known as òcongestion charges.ò These congestion charges 
are surpluses, as they are not needed to compensate generators for their energy or remunerate 
transmission owners. Load should be paid these congestion charges because they have already 
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 suggested in the figure below.  

Based on LEIõs independent analysis, and consistent with the positions taken by market rules at 
other Independent System Operators (òISOsó), the return of congestion charges is not the only 
purpose of FTRs. Although FTRs are settled vis-à-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 Regulatory Commission (òFERCó) to 
accommodate other commercial arrangements (such as bilateral contracts and self-supply 
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 instrument 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?  

 

How  does the hedging work?  A load serving entity  (òLSEó) that has a bilateral contract with a 
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) associated with its load to create a òperfect hedgeó against the 
congestion cost associated 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 on the 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, competit ive 
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).  

Facts
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Although the FTR/ARR rules have evolved since their  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 lowest possible 
cost of energy. 

 

1.2 Selecting th e appropriate evaluation criteria (Task 2)  

Any rigorous analysis sho uld 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 
PJMõs ARR/FTR mechanism, LEI selected four criteria -- equity, 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):  

¶ equity considerations are the fundamental rationale for seeking to return congestion 
charges to load, given the congestion charges represent an òoverpaymentó and load has 
already paid for the transmission syst em through a separate regulated tariff; and 
 

Task 1: Based on LEIõs critical review of relevant  PJM filings and FERC Orders 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 short term, but t he òoverpaymentó by load is surplus, 
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 charges benefits 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.  FTR auction 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. 
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¶ 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 reasonable mechanism for the return of congestion charges 
back to load. And w hile the LMP systems ensure short-term operational efficiencies are 
achieved, the long-term efficiency of the wholesale market ð characterized by appropriate 
levels of investment  and convergence to long-run marginal costs ð 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 regulator s. 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 admin istrative burdens are reduced, and 
transaction costs are minimized.  

There is some level of 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 òleakageó of some congestion charges (in the form of net profits to non -load 
entities participating in the FTR auctions).  The term òleakageó is used because some of the 
congestion charges go to remunerate non-load 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 an y proposed enhancements to increase the short-term benefits under 
Purpose #1 do not suppress the long-run benefits associated with Purpose #2.  

 

Task 2: LEI selected four criteria for evaluating PJMõs ARR/FTR mechanism : 

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

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

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

¶ Simplicity  ð manifests in a notion 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 assessed the 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 advantages and disadvantages. As part of the stakeholder 
engagement, LEI received input on proposed modifications to address the perceived 
shortcomings and enhance the identified strengths.2 LEI also interviewed the IMM an d PJM staff 
and gathered data relating to the operations of the ARR process and FTR auctions, as well as ideas 
for potential changes.3 

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

From the point o f  inception, FTRs (and ARRs) were designed to be path-based (or point-to-point) 
property rights (entitlements). This design choice was made intentionally: to accommodate 
bilateral contracts and align with how bilate ral or self-schedule trades are settled in the LMP 
market. The point -to-poin t definition of FTRs (and ARRs) 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 not changed over the years. 

In contrast, there have been multiple changes to other elements of the FTR (and ARR) mechanism. 
Initially, PJM allocated FTRs directly to network and firm point -to-point transmission customers. 
An FTR auction process was introduc ed in 1999 to allow PJM to sell unassigned 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 process. In 2003, PJM 
created another property right ð ARRs. ARRs were allocated to transmission customers (load) 
and could be converted to FTRs or otherwise retained to collect FTR auction revenues. 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 propert y rights (LSEs could convert their A RRs 
into FTRs in the annual FTR auction).  

 

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

3 In 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 FERCõs Electronic Quarterly Reports) and forward markets 
data (from the Intercontinental Exchange (òICEó) 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 the impact 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  

 

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  PJMõs ARR 
allocation process and FTR markets, including LSEs, generation owners and independent power 
producers (òIPPsó), and other types of entities (trading organiza tions, energy service providers, 
and customer advocacy groups). The stakeholder engagement process consisted of: (i) four focus 
group discussions (òFGDsó); (ii) a follow-up questionnaire-based survey; and (iii) one-on-one 
discussions.  

Based on the feedback and commentary elicited from the stakeholders, LEI observed that most 
FTR auction participants w ere satisfied with the current FTR auction design and range of 

 

4 Or representing entities who are involved with ARRs/FTRs.  

ARR allocation mechanism was adjusted to 
reflect the changing generation fleet

2

ARR mechanism was expanded to address 
transmission capability created through 

merchant transmission investment

3

Key Changes

Revision of the allocation process to include 
a Stage 1A and 1B

1

Impact

Provides more certainty (priority) to load regarding 
their long -term rights in network (Purpose #1)

Improves effectiveness of ARR allocation process 
(Purpose #1)

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 
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4
Provides additional opportunities to reconfigure FTR 
portfolios and hedge (Purpose #1)

Improves price discovery (Purpose #2)

Improves payout to load (Purpose #1)

Pricing in FTR auctions no longer reflects risks of 
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#2)
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5
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available FTR products. There was also a general agreement 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 outcomes provided valuable price discovery for va rious forward 
market activities.  

Nevertheless, some LSEs expressed concern that the existing ARR allocation 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-à-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 paths 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 PJM used to test 
the simultaneous feasibili ty 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 modifica tions suggested by stakeholders to target shortcomings in 
the ARR/FTR design include changes to the ARR allocation scheme and increased FTR 
granularity (especially if it could align with the operational profile of intermittent energy 
sources). Some stakeholders 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 had to 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 because it may motivate more FTR auction 
activity ( competition may assist in optimizing the value of ARRs), support hedging, and assist 
with the con vergence of the day-ahead and real-time markets (to the extent that the relaxation of 
the forfeiture rule would incr ease virtual trading activity).  

1.3.2.1 IMM would l 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, which th ey refer to as a ònetwork congestion property right.ó In essence, the IMM 
proposal is a single property right system where only load would receive distribution of 
congestion charges collected by PJM through the operation of the day-ahead and real-time energy 
market. The IMMõs network congestion property right concept is different from the current 
ARR/ FTR mechanism in the following ways (as listed in Figure 5): 

 

5 The 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. EL14-37-000.  
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¶ it is not modeled on a path-based or point -to-point construct : there is no specific òsourceó 
point , although the sink is always the bus or load zone relevant for each LSE; 

¶ there is no ARR allocation process, and therefore no need for network modeling - load 
will  simply hold a right to receive a set of payments based on total spot market congestion 
charges; those payments would be distributed to LSEs using the IMMõs constraint-based 
congestion calculation methodology , which relies on assessing the pattern of energy flows 
in the spot market;6 and 

¶ there is no compulsory ex-ante auction ð therefore, there is no simple way for load to 
monetize7 the value of the IMMõs network single property 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 sell their network congest ion 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 LSEs sell their network congestion property right). Therefore, the inherent 
design would c reate complications for establishing the market value and trading of the IMMõs 
network single property right product. Indeed, given the focus of the IMMõs proposal is 
exclusively on Purpose #1 (and specifically to design a mechanism that returns exactly 100% of 
congestion charges back to load), 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 
mechanisms and the IMMõs proposal. 

LEI has concerns that the IMMõs proposal is novel and uncertain. Moreover, because the IMMõs 
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 with the IMMõs proposal at this time. 

 

 

6 PJM IMM. òConstraint Based Congestion Calculations: Measuring Congestion Paid by Zone.ó June 22, 2020. 

7 When load monetizes the congestion charges under the existing design, they are essentially 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 differences  between the current mechanisms and IMMõs proposal 

 

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

Using actual ARR and FTR settlements as well as congestion 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 
exactly 100% of congestion charges back to load each 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 conges tion 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 day-ahead energy markets, could create over-or under -
payment of congestion charges to load. 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 Indeed, 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). 

Feature Current mechanism IMMõs network congestion 
property right

Property 
transmission 
system

Dual property system Single property system (No 
ARR)

Construct Path-based with a source and 
a sink

No specific òsourceó point 
Sink is either bus or load zone

Allocation of the 
ARRs/FTRs

ARRs are allocated through 
ARR allocation process
FTRs can be bought through 
the FTR auctions

Load receives the network 
congestion property right  
based on IMMõs methodology 
of examining network 
constraints in the spot market

Value of 
ARRs/FTRs

Based on the ARR/FTR target 
allocation or the difference 
between the LMP of the 
source and the sink in the 
auction (for the ARR) and the 
day-ahead market (for FTR) 

Value of the network 
congestion property right 
known only after settlement of 
spot markets; LSEs can sell their 
network congestion property 
right in advance if they desire 
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auctions). In assessing the network capacity, PJM has to consider how to prevent ARR/FTR 
underfun ding. 9 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 relat ive to those that PJM 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 associated with extreme weather conditions. Extreme weather is 
difficult to predict, but when it arises, actual congestion charges are very large. Because severe 
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 the dual system of property rights (and the de cision of load to hold onto 
allocated ARRs).  

Figure 6. Total congestion charges collected by PJM vs. total congestion charges returned to load  

 

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 collected by PJM. òPayout to LSEs Ratioó represents 
congestion charges returned to load as a percentage of total congestion charges collected by PJM. 

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

 

9 OA Schedule 1 Section 7.5a. The Office of the Interconnection shall make the 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 energy market (as represented by the 
congestion component in  LMP or the òCLMPó). All  the FTR auctions ð annual, long term (òLTó), 
and monthly ð possessed statistically significant predictive power for actual CLMPs. This 
indicates that the FTR auctions are effective for valuing the ARRs that are held by load.  In 
addition, this finding also means that FTR auctions can generate reasonable information for pric e 
discovery (Purpose #2). LEI also analyzed the change in the predictive power of (hypothetical) 
FTR auctions if financial participants were excluded (based on PJMõs simulated results).10 
Statistical analysis shows that financial participation improves the predictive power of FTR 
auctions ð 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 ARRs, 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)  

 

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 Section 6.7. 

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. Since ARR 
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 

 

10 PJM simulated a òwhat ifó auction result for planning period 2018/19, assuming financial 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 Section 6.13.2. 
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would ha ve received more congestion offsets if they held on to their ARRs compared to self-
scheduling, 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 consequently very high 
congestion costs in the day-ahead 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 on FTR 
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 PJMõs ARR/FTR mechanism is to support forward markets. First, we 
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 needed 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 informatio n 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 Section 1.3.3, based 
on LEIõs statistical analysis of historical FTR auction results (nodal prices) versus actual CLMPs, 
all of PJMõs FTR auctions exhibited statistically significant predictive power  for 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 FTR 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 holders to date (such as ògen-to-genó paths that have 
a generator bus as both the source and sink point) as well 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 excess profits (on a risk -adjusted basis) for non-load entities engaging in 
trading these paths. Moreover, LEI found that LSEs also purchased gen-to-gen paths in past FTR 
auctions, suggesting that such paths are viewed as economically valuable by some load. 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 mark ets, 
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. The path-based construct of FTRs provides 
an ability to  perfectly hedge congestion risk at a nodal level, as FERC acknowledged when FTRs 
were first created.  A review of  transactions associated with bilateral energy contracts reported to 
FERCõs Electric Quarterly Reports (òEQRó) database shows that in the past five years (2015-2019), 
over 35% of the value of physical contracts with delivery in PJM use d 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 point has increased to over 
50% (in value terms, or $26 billion on average per annum). This fact indicates the marketõs overall 
confidence in using nodes as a commercial pricing point .  

LEI next examined futures markets. A review of transaction data in the last few years for PJM 
basis-related 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 õs discussions with 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 characterized by a lower bid -ask spread than other power markets.  These 
are useful indicators of the superior liquidity of the PJM forward markets.  

The extensive use of financial hedges is another measurable reference point for th e importance of 
forward market activ ity in creating long term benefits to load. LEI surveyed the financing 
arrangements of new gas-fired resources that entered commercial operation for the last three 
years in PJM. LEIõs research confirmed that nearly 9.5 GW of new combined-cycle gas turbine 
(òCCGTó) capacity that started commercial operations from 2017 to 2019 involved using financial 
hedges as part of their financing arrangements. These financial hedges were realized thanks to 
liquid forward market s. Furthermore ð and importantly for the pur pose of estimating long term 
benefits ð market price risk associated with the financing of these investments was reduced as a 
consequence of these financial hedges.  

1.3.4.3 Illustrative 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 margina l cost 
(òLRMCó) for supply. Based on the extensive use of financial hedges by new CCGT projects and 
information on debt financing costs from PJMõs approved cost of new entry (òCONEó) analysis 
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for this technology,  LEI estimates long-run benefits to load across the PJM 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 signif icantly 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 in the 
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 or 315 TWh, was served by competitive retailer s in 2019.   

Finally, l iquid forward marke ts also reduce the transaction costs for engaging in hedging and 
bilateral contracting. The òbid-ask spreadó is one common indicator of the magnitude of 
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 from PJMõs relatively low bid -ask spreads in the range of $424 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 
ult imately serve as another benefit to load in the 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 a total of $522 million to $ 1.2 billion a year for a 
market like PJM (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 
markets need to be weighed against the costs (òleakageó) that arise when some of the congestion 
charges are retained by non-load 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 produce some òleakageó of benefits pursuant to Purpose #1, the FTR auctions also 
provide value to load in the long run , which are substantially greater based on LEIõs estimates.  
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. Illustrative benefits versus costs   

 

Note: In the two most recent planning periods (2018/19 and 2019/20), the òleakageó has averaged $120 million, because 
(1) with the changes in the rules, PJM has been able to allocate network capacity to ARRs more aggressively and (2) 
due to the absence of abnormal weather (which typically causes a significant increase in congestion charges).12 

1.3.5 Shortcoming of the current ARR/FTR design  

The major weakness in the current design is associated with the division (or distribution ) of the 
aggregate congestion charges 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 
that are outdated and (ii) distribution of surplus congestion that relies on the ôvalueõ of that initial 
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 convertible to  FTRs, which are then tradable. That said, the ARRs that 
are self-scheduled 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 majority of load currently hol ds 
onto their awarded ARRs. Moreover, the value of ARRs (e.g., the òARR target allocationó) 

 

12 Electricity dem and (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.  

Based on LEIõs analysis of zonal offsets received by load,13 the current ARR allocation process 
creates a pattern of payments that is uncorrelated with either the size of load served, or the 
amount of transmission rev enues collected 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 of the load served, the 
transmission revenue collected, or the LMP of the zone.  This indicates that congestion charges 
allocated to LSEs in varying zones are not correlated with any of these natural factors underlying 
Purpose #1, which leads LEI to conclude that there may be further issues to explore in 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)  

  

It would be reasonable for load to expect to receive a larger congestion offset if the LMP they face 
is higher than other zones (i.e., located in a more congested area in the network), 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 represents the 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 surp lus congestion. 
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charges returned to the zone (which could be negative), and the y-axis represents the 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:  

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

¶ 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  

¶ 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 -red óheat 
mapó alignment, then the congestion charges returned to LSEs would be related to LMPs, but 
we see this is not the case. 

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 PJM could benefit 
from changes to ARR/FTR design. LEI assessed the FTR mechanisms of California ISO 

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

¶ 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).  
 

¶ A dual system of property rights  (ARR/FTR) creates value for load. The existing ARR 
construct gives load a choice to hold on to an ARR (and securitize congestion charges 
in advance of settlement) or to self-schedule an ARR (and get a òperfect hedgeó for 
congestion on a specific path that 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 ha s historically been some òleakageó of congestion charges to non-
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 therefore 
enhanced the efficacy of the ARR/F TR mechanism while also allowing  for price 
discovery in support of the forwa rd markets.  

¶ Liquid and efficient forward markets bring about a number of benefits for load.  
Illustrative exampl es suggest that the long run benefits for load are higher than the cost 
incurred by load (e.g., the òleakageó in congestion charges to non-load entities through 
FTR net profits). The current ARR/FTR mechanism, when evaluated against both 
Purpose #1 and Purpose #2, is creating overall positive value for load.  
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(òCAISOó), Electric Reliability Council of Texas (òERCOTó), and the ARR/FTR mechanism of 
Midcontinental ISO (òMISOó). All these markets, in fact all US LM P-based markets, use a path-
based construct for 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 settle 
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 d ifferences 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 

 

Among the three RTOs/I SOs reviewed, MISO is the only one that has a dual property rights 
system like PJM. One of the biggest differences between PJMõs and MISOõs ARR construct relates 
to the ARR classes. More specifically, MISO has multiple A RR classes: it offers peak and off-peak 
ARRs, as well as seasonal ARRs. In contrast, PJM only offers 24-hr 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. 

CAISO and ERCOT do not have an equivalent to PJMõs ARRs; they use different approac hes for 
giving LSEs the right to get a return of the congestion charges collected through LMPs. CAISO 
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which assigns 
rights to FTR 
auction revenue 
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allocates their version of the FTR product (which they call Congestion Revenue Rights or òCRRsó) 
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 congestion 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 quantities 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 PJM context, as lower FTR auction revenues would 
mean more of the congestion 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 load.14 Rather, ERCOT directly allocates the auction revenues 
from the sale of its CRRs to load, based on each LSEõs pro-rata share of zonal and system load.15 
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 PJM 
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 PJMõs design would harm some load that has historically pref erred to self-schedule 
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 PJM. 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 current FTR forfeiture rule should be carefully re -evaluated.  

 

 

 

14 There is an exception. Non-opt in Entities (òNOIEsó) are pre-allocated some CRRs at a discount. NOIEs consist of 
municipally owned utilities , electric cooperatives , and River Authorities . 

15 LSEs in ERCOT can still purchase CRRs in the auction, but they are not provided (to most) LSEs for òfreeó as is the 
case with ARRs in PJM. 
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1.5 Recommendations for exploring changes to the current design (Task 5)  

LEI recommends that PJM and its stakeholders focus on enhancing equity-related aspects 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 schemes in 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 for transmission 
service through a separate tariff).  

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 lders 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 stakeholders 
consider one of the following potential mechanisms  for the initial designation of ARRs to LSEs: 

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

Based on LEIõs understanding of the market circumstances, some differences would not be 
beneficial or  relevant to PJMõs construct: 

¶ 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 

¶ 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 : 
 

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

¶ PJM should also revisit the FTR forfeiture rule  based on the experiences of other 
ISOs/RTOs. 
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¶ division of paths based on actual or expect network usage, which reflects recent energy 
market activity or contractual  portfo lios; or 

¶ 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 PJM 
and stakeholders: 

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

¶ if congestion charges should be returned to load because all congestion charges are 
overpayments by load and the purpose of FTR is to òrefundó such overpayments, then 
PJM could develop a metric in measuring overpayment each LSE contributed; or, 

¶ 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 of considering 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 
(contractual ly) and actual system usage.  

Figure 11. Alternative allocation methods - goals and solutions  

 

Equitably assign the distribution 
of the congestion payments 

collected by PJM to various LSEs
2
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to load paths against ARR 

paths assigned

3

Goals
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surplus congestion

1

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

2) Seek ways to introduce more granular 
ARR products (peak and off -peak) such 
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 -
term auction)
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Figure 12 provides a summary of LEIõs proposed enhancements to the current ARR/FTR design. 

In terms of efficiency-related modifica tions, 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 PJM adjust the clearing rules for FTR options to ensure that FTR options are 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/F TR outcomes and expand stakeholder 
understanding of the network model. These recommendations 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 model. 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, LEI  suggests that PJM consider retaining a 
transmission expert to independently review on a regular basis  (e.g., every 3 or 5 years) the 
network model, to instill confidence in PJMõs approach and assumptions that impact the network 
capacity that is allocated in the ARR process and FTR auctions.  

Figure 12. Proposed enhancements to the current design  
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1.6 Responses to the key question s 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1) What is the or iginal 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 congestion 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. (Section 3) 
 

2) 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 path-based 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 auctions are also supporting longer term electricity market 
dynamics and fulfilling Purpose #2. (Section 6) 

 
3) If not, why not? If so, how is this measured and verified ? To confirm attainment of Purpose 
#1, LEI analyzed aggregate payout (òtotal offsetó) to load across PJM relative to the total 
congestion payments collected in LMPs. As part of the exercise, LEI also considered the initial 
allocation of ARRs and outcomes in the FTR auctions, and the decision of LSEs to hold onto 
ARRs versus self-schedule. 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) 

 

4) 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 allocation of FTR revenues or limitations on bidda ble 
points in FTRs) would not be preferable in the context of the PJM wholesale market. Therefore, 
a comprehensive alternative does not currently exist; however, the case study analysis 
suggested some areas for further consideration . For example, LEI observed 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) 

 

5) 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).  (Section 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, the IMMõs 
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 IMMõs proposal is required before a decision can be made on the overall 
merits of the IMMõs proposal. (Section 6) 
 

7) Are there changes in the mark et design, execution, etc. that would improve delivery of 
these instrumentsõ purpose? Based on the findings compiled 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 enhancements to the ARR mechanism (and allocation process) 
to improve the equity considerations under Purpose #1. LEI does not believe major changes 
are necessary 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  

LEI was engaged by the PJM Interconnection (òPJMó) in August 2020 to provide an independent, 
holistic assessment of PJMõs FTR market and ARR mechanism. As discussed below, LEIõs holistic 
approach includes both quantitative and qualitative approaches, which inclu de reviewing the 
evolution of PJMõs ARR/FTR market thoroughly, defining measurable criteria to evaluate the 
differen t aspects of the ARR/FTR markets, performing  analyses, looking at other ISOs/RTOsõ 
ARR/FTR construct, and engaging with the stakeholders, in cluding the independent market 
monitor (òIMMó) and PJM staff.  

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.  
PJM also provided a list of questions that needed to be addressed by this study, which is listed in 
Figure 1 on page 1. To address these questions, LEI utilized a  methodological  approach consisting 
of fiv e tasks, as shown in Figure 13.  

Figure 13. Key questions to be addressed, LEIõs five tasks and approach 

 

As part of Task 1, LEI undertook a detailed review of PJMõs ARR/FTR mechanism, including an  
analysis of the original proposal f iled by the PJM Companies in 1996 with FERC and the initial 
FERC decision(s) approving the LMP design and FTR construct. Task 1, therefore, addressed 
questions #1 and #2 in the Key Questions. As part of LEIõs review, LEI  also analyzed materials 
submitted and discussed at the PJM ARR/FTR Task Force meetings, including the Whitepaper 
published by PJM in April 2020 entitled òFinancial Transmission Rights Market Review.ó16 LEI 

 

16 LEI will refer to this report as the òPJM ARR/FTR White Paper.ó 
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also reviewed detailed sections related to congestion and FTRs in the State of the Market (òSOMó) 
reports prepared by the IMM. Finally, LEI looked at various supporting documents, including 
PJM Manual 6: Financial Transmission Rights, prior PJM filings and FERC Orders related to ARR 
and FTR constructs, academic journals and publications, and published materials by PJM, IMM, 
and stakeholders. Appendix G (Section 15) of this report  provides a list of the documents that LEI 
reviewed and relied on.  The findin gs of Task 1 are summarized in Section 3 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 described in Section 5.  Task 2  
helps address question #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-à-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, end-use customer representatives, state regulatory agencies, 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 Section 7.  Tasks 3 and 4, in combination, address questions #2 to #6 in 
the Key Questions.  

Based on (1) LEIõs qualitative and quantitative examination of the current design, (2) LEIõs 
comparative analysis of PJMõs market design with that of CAISO, ERCOT, and MISO, and (3) 
feedback received from stakeholders, LEI identified potential enhancements to PJMõs 
ARRs/FTRs in Task 5 (Section 8). In so doing, LEI addresses question #7 of the Key Questions.  

 

 

  



 

  
29 

London Economics International LLC  
717 Atlantic Avenue, Suite 1A 

Boston, MA 02111 
www.londoneconomics.com  

  

3 Id entifying the purpose of the ARR/FTR mechanisms (Task 1)  

 
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 exactly 100% of the 
congestion charges collected in LMPs back to load.17 Although FERC recognized that FTRs would 
facilitate the return of co ngestion charges to load, FERC never stated that load should receive 
exactly 100% 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 hedging and discussing the PJM Companiesõ arguments 
regarding the need to accommodate bilateral contracts.18 More recently, FERC clarified its 
understanding, noting that that FTRs were  òdesigned to serve as the financial equivalent of firm 

 

17 Monitoring Analytics. òQuarterly State of the Market Report for PJM. 2020.ó November 12, 2020, p. 684. 

18 Federal Energy Regulatory Commission. òOrder Conditionally Accepting Open Access Transmission Tariff and 
Power Pool Agreements, Conditionally Authorizing Establish of an ISO and Disposition of Control over 
Jurisdictional Facilities and Deny ing Rehearing.ó November 25, 1997. (81 FERC Æ61,257)., p. 70. 

Key takeaways  

¶ Based on LEIõs independent analysis, FTRs (and ARRs) serve two purposes: (i) to 
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 funds 
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 reflected 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 long run. 
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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.ó19  

3.1 Introduction of LMP system necessitates FTRs  

The need for FTRs arose due to the introduction of LMP -based spot markets and open access to 
the transmission system.20 Market designers selected the LMP design for spot markets because it 
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). By internalizing 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 existin g 
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.21,22  

 

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

20 Prior to the LMP system, the PJM market was based on cost of service rates, where the delivery of low-cost generation 
was based on ut ility -owned l 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.   

21 FERC. òOrder Conditionally Ac cepting Open-Access Transmission Tariff and Power Pool Agreements, Conditionally 
Authorizing Establishment of an Independent Syste m Operator and Disposition of Control over Jurisdictional 
Facilities, and Denying Rehearings.ó November 25, 1997, p. 61 (81 F.E.R.C. P61,257). 

22 PJM, òBrief of Supporting Companies.ó Compliance of the Pennsylvania-New Jersey-Maryland Interconnection with 
Order No. 888. Docket No. OA-97-261-000. December 31, 1996. pp. 86-87. 

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 point-to-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 PJM 
(and other firm transmission customers who may be eligible for ARRs). ARRs entitle t he 
holder of the ARR to receive a payment (known as òARR Offsetó) based on the quantity of 
ARRs held (on a specific path) multiplied by the noda l Congestion cost component of the LMP 
(òCLMPsó) that are an outcome of the annual FTR auction.  
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Under the LMP pricing system, the marginal cost of congestion i s 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.23,24 This was 

 

23 Hogan, William. òReport on PJM Market Structure  and Pricing Rules. December 31, 1996. Docket OA97-261-000. pp. 
50-51. 

24 Please refer to Appendix E (Section13) for numerical example.  

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 to its 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 the marginal 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 f rom the power balance, and 
transmission and dispatch limitations. LMPs can be decomposed into three components: 
 

 
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 l 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, when PJM makes payment to 
the generation, if will have leftover amounts. This is known as the congestion charge. 
Appendix A (Sectio n 9) provides a numerical example of  how congestion charges arise in a 
LMP system.  

 
Discussion in this textbox adapted from Steven Stoftõs òPower System Economics.ó Part 3. 2001, P. 6 
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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 bi lateral 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,27 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 (òPPAó), there was still exposure to the marginal cost of 
congestion in the spot market. FTRs could create a òperfect hedgeó for the volatile 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.28,29 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 process by 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 participa nts 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 support bilateral 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 

 

25 81 FERC P61,257, p. 34. 

26 81 FERC P61,257, p. 32 . 

27 81 F.E.R.C. P61,257, p. 32; FERC. Long-Term Firm Transmission Rights in Organized Electricity Markets. 114 FERC 
¶ 61,097. February 2, 2006. p. 17.  

28 81 FERC ¶ 61,257, p. 9. 

29 Market participants with firm reservation are protected from congestion charges if they schedule energy consistent 
wi th the points of receipt and delivery specified for their reservations. This is what FERC and other parties 
referred to when using the term òperfect hedge.ó 



 

  
33 

London Economics International LLC  
717 Atlantic Avenue, Suite 1A 

Boston, MA 02111 
www.londoneconomics.com  

  

facilita ting hedging congestion price risk over a longer period of time, rather than for a term of 
only one year or less.30 

The role of FTRs in supporting forward markets became more explicit with FERCõs decisions after 
the passage of the Energy Policy Act of 2005 (òEPAct 2005ó). This legislation added section 
217(b)(4) to the Federal Power Act. It explicitly provided load with long term firm transmission 
rights (or equivalent tradable financial rights) for purposes of hedging congestion charges 
associated with the deliver y of power from a long -term power bi lateral supply arrangement 
executed in advance of the spot market. PJMõs comments on the FERC Staff Discussion Paper on 
LTTR Assessment identified a list of longer-term benefits associated with the ARR/FTR 
mechanism that prov ided long -term transmission rig hts (see textbox above). FERCõs Order No. 
681, which set the new guidelines for US RTOs/ISOs, ensured that load had LTTRs. This also 
aligned with PJMõs comments. Specifically, Order No. 681 affirmed the importanc e of the benefits 
identified by PJM. 31 In summary, PJMõs comments and FERCõs Order No. 681 highlighted the fact 
that the ARR/FTR construct can and should support liquid and efficient forward markets 

 

30 FERC. 102 FERC P61,276. Washington DC, 2003., p. 2; and Federal Energy Resource Commission. Order No. 681: 
Long-Term Firm Transmission Rights in Organized Electricity Markets . July 20, 2006., p. 8.  

31 PJM. PJM Interconnection LLC. Comments of PJM Interconnection on the FERC Staff Discussion Paper on Long Term 
Transmission Rights Assessment, Filing: AD 05-7-000, Washington, DC, June 27, 2005. 

PJM on long term benefits associated with  transmission rights  
 

òLong term transmission rights have the potential to provide several market benefits: 

1) Long term rights could provide a fixed hedge against changes in congestion over an extended time 
period, thereby mitigating a major risk associat ed with LMP volatility  over the applicable 
period. 

2) The ability to hedge congestion over a multi-year period could then support the development of 
a longer-term energy product due to the ability to mitigate congestion risk over the term of the 
right.  

3) The development of longer-term energy products could, in turn, facilitate additional market 
benefits by creating forward price signals that cou ld support the development of more 
liquid forward markets.  

4) Given that investment in energy infrastructure is capital intensive and involves long-lived assets, 
a liquid forward market is an essential element in establishing an environment to support 
infrastructure investment, financing, and risk management.  

5) Long term transmission rights would also create additional FTR products, thereby increasing the 
ability of participants to effectively manage market positions  consistent with varying levels of 
risk tolerance.  

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

 

- PJM (Filing to FERC - Docket No. AD05-7-000, June 2005); Emphasis by LEI 
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(Purpose #2). As noted by PJM, load would ultimately benef it from investments ð in transmission 
and generation infrastructure ð 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 vali d today as load continues to pay for 
transmission, and market design continues to depend on an efficient spot market and a 
functioning forward market.  
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4 Overview of PJMõs ARR/FTR market evolution  

 
To evaluate the current design, it is important to understand the various changes to the ARR/FTR 
mechanism over time and how the changes are related to the underlying purposes. Over the past 
20 years, numerous modifications have been introduced to the ARR and FTR institutions at PJM 
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 sources 
and new sources). PJM has also made changes 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 class of entitlements distributed to LSEs (and other firm 
transmission service customers)32 in lieu of direct allocation of FTRs to load. 33 Like FTRs, ARRs 
are a path-based property right. LSEs can hold onto ARRs or convert them into FTRs. In this way, 
the ARRs maintained the òpriorityó of load to the transmission system capacity but also added 
some flexibility for LSEs around when/how they would monetize the value of their property 
right. More specifically, LSEs can lock in the amount of congestion payments a year in advance 

 

32 PJM is not the only market with ARRs. New England added ARRs in 2003, Midcontinent  Independent Transmission 
System Operator added ARRs in 2007, and Southwest Power Pool (òSPPó) added ARRs in 2012. See. New 
England ISO website. < https://www.iso -ne.com/participate/support/faq/financial -transmission-
rights#a>, MISO Filling in Docket No. ER07-418-000, January 29, 2007., SPP Filling in Docket No. ER12-1179-
000, February 29, 2012. 

33 An incremental FTR w as created alongside 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. Section 6.4 discusses IARRs and the total number of requested IARRs in the past five years.  

Key takeaways  

¶ Since 1998, PJM has evolved its FTR (and ARR) mechanisms to improve on both Purposes 
#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.  
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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 to ARRs, as shown in  Figure 14 below. 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 (Section 10)  provides a more detailed description of the major events 
in PJMõs ARR/FTR market. 
 

Figure 14. Evolution of ARR s and its allocation process  

 

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 long-term transmission rights 
to load (described in the blue textbox below). In response to the FERC guidance, PJM revised the 
ARR construct to comply with the FERCõs ten-year transmission right requirement. Specifically, 
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, Stage 1 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, 2003. p. 7. 

35 FERC. 116 F.E.R.C. P61,077. Washington D.C., 2006.  

36 PJM. PJM Interconnection LLC. Filing: ER06-1218-000., Washington D.C., 2006.  
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other Stage 1A ARRs for the subsequent ten years.37 The addition of a long -term ARR and revisi on 
of the Stage 1 allocation process is consistent with Purpose #1 of FTRs. It provides load the 
oppor tunity 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 Simultaneous Feasibility Test (òSFTó), PJM will work with 
transmission owners and entities to build and u pgrade transmission capability to ensure that the 
requested Stage 1A ARR would be feasible.38  

4.1.2 Residual ARRs  

On August 13, 2007, FERC approved PJMõs request to add a Residual ARR product. Residual 
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).39,40 However, it 
should be noted that Residual ARRs cannot be converted to FTRs currently, unlike regular ARRs, 
because they are allocated after the annual FTR auction. The purpose of creating the Residual 

 

37 Ibid . 

38 As stated in Appendix  B (Section 10), in 2012, PJM 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, PJM 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. PJM Interconnection LLC. Filing: ER07-1053-000., 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. See PJM 
Market Monitoring Unit. Monitoring A nalytics, LLC. òState of the Market Report for PJM, 2007.ó March 8, 
2008.  

òThe LTTR proposal creates long-term transmission rights based on a priority ten-year ARR allocation 
for Zonal Base Load that ensures longer term certainty with the flexibility to opt-out of the ten-year 
rights on an annual basis to accommodate changes in market conditions. PJM states that the proposal 
creates a link between the long-term transmission planning process and the ARR allocation process to 
ensure the transmission system is upgraded to maintain the feasibility of stage 1A ARRs for Zonal Base 
Load plus the projected ten-year growth of base load. PJM adds that the proposal also provides a 
mechanism for identifying upgrades and the associated costs needed to support requests for thirty-year 
incremental ARRs, i.e., new ARRs that result from system upgrades.ó 
 

- FERC Order (117 FERC ¶ 61,220) (November 22, 2006)  
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ARR was to remedy the ARR pathways that were prorated during Stage 1 of the annual allocation 
process.41 ARRs are prorated when requested ARRs do not pass SFT. 42  

All ARRs requested for the annual allocation are subjected to the SFT using PJMõs network model. 
The SFT ensures that there will be adequate revenue funding for ARRs and FTRs.43 And 
frequently,  not all  requested ARRs are approved as a result 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 requested 
ARRs to not pass the SFT. However, even if the requested ARRs do not pass the SFT, PJM 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 
feasible.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.45  

4.1.3 Reflecting the retired generation in the allocation model  

On January 31, 2017, FERC accepted PJMõs proposal to remove and replace retired (and derated) 
source nodes when allocating Stage 1A and 1B ARRs.46 Specifically, PJM replaced source points 

 

41 Ibid.  

42 SFT is further discussed in Appendix C ( Section 11). 

43 PJM Market Monitoring Unit . Monitoring Analyt ics, LLC. òState of the Market Report for PJM, 2007.ó March 8, 2008.  

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, PJM allocated a total of 26,262.6 MW of residual ARRs, down from 
31,554.6 MW in 2018. There was an ARR target allocation of $11.7 million for 2019, and $15.3 million for 2018, 
respectively , associated with these residual ARRs.  

46 FERC. 156 F.E.R.C. P61,180. Washington D.C., 2016. 

ò[Residual ARRs] can result from increases in physical transmission capacity, or by a change in any 
other system factor not considered in the simultaneously feasible model for an annual ARR allocation, 
and, if modeled would have increased the amount of ARRs allocated. The proposed rules create a new 
transmission right, Residual ARRs, for stage 1 prorated pathways, and establish allocation for such 
rights. The rights are associated with transmission capacity created during a Planning Period, after the 
annual ARR allocation, and, therefore, not accounted for in the annual allocation (òIntra-Planning 
Period Capacityó).ó 
 

- PJM filing to Docket No. ER07-1053-000 (June 19, 2007) 
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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 
Resources (òQRRó).47 QRRs are identified based on the following criteria: a generation 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.48 In 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. 49  

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 the retired (and derated) source nodes are not in use; and (ii) ARR requests may be rejected 
due to the inaccurate modeling (as described in the textbox below).  

4.2 Key changes in the FTR market  

Various developments have occurred in the FTR market since 1998. The major changes include 
the addition of more FTR paths, an increase in the frequency of FTR auctions, and modifications 
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 changes that 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 in Figure 15 below. 

 

 

47 FERC. 158 F.E.R.C. P61,093. Washington D.C., 2017. 

48 FERC. 158 F.E.R.C. P61,093. Washington D.C., 2017. p. 34. 

49 Ibid.  

òPJM asserts that it is appropriate to replace megawatts that are no longer considered to be capacity 
because such megawatts have not been studied for deliverability and thus do not reflect actual system 
usage [é] by calculating the megawatt value of the resources that require replacement, PJM can ensure 
that each zoneõs Stage 1 capacity will be capped at total historical value, so as to: (i) recognize and 
preserve pre-FTR market transmission investments incurred by a load serving entity to deliver pre-
FTR market total historical capacity value to serve its zonal demands; and (ii) ensure that PJM will 
allocate Stage 1 ARRs with a sufficient degree of pre-FTR granularity.ó 
 

- FERC Order (158 FERC ¶ 61,093) (January 31, 2017) 
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Figure 15. Evolution of FTR auctions and products  

 

Source: FERC Orders 

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 n on-LSEs) the opportunity to 
acquire residual FTRs that had not been allocated 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 t he 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. 51 This 
change recognized the theoretical importance of trading of 
propert y rights. 52  

 

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

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

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. See Robson, Alex. S. Skaperdas. òCostly enforcement of property 
rights and the Coase Theorem.ó Economic Theory, July 2008, Vol. 36, No. 1. pp. 109-128. 
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- PJM fili ng to Docket No. ER03-406-

000 (January 10, 2003) 
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4.2.2 Addition of annual FTR auction and FTR options  

In 2003, FERC accepted PJMõs proposed tariff changes, which 
created the annual ARR allocation process (as discussed 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 annual FTR 
auction allowed them to con vert 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 in 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 sink nodes 

based on PJMõs network model.53  

4.2.3 Mon thly balance of planning period FTR  auction  

On November 2, 2005, PJM proposed to create two intermediate -term FTR products: the òBalance 
of Planning Period FTRó and the òPlanning Period Quarter FTR.ó54 This change was in response 
to market participantsõ request for FTRs that cover a period longer than one month but shorter 
than one year (as described in the textbox below).55  

The Balance of Planning Period FTR covered a multi-month 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. 56 These auctions start at the 
beginning of each month (after the monthly FTR auction) and run thr ough May  31st each year.57 
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: ER06-150-000., Washington D.C., 2005. p. 2. 

55 Ibid.  

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: ER06-150-000., Washington D.C., 2005. p. 2. 

58 It is important to note that since the 2018/2019 planning period, the Planning Period Quarter FTR is no l onger used. 

òThe new annual FTR auction 
process (1) will create a more 
liquid and deeper market for 
FTRs, (2) will allocate more 
efficient scarce FTRs, (3) will give 
customers more flexible options 
for hedging their risk, and (4) will 
create a more active secondary 
market for FTRs.ó 

 
- PJM filing to Docket No. ER03-406-

000 (January 10, 2003) 
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4.2.4 Long Term FTR auctions  

In 2008, PJM introduced the Long Term FTR (òLT FTRó) Auctions to provide a platform for 
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. 59 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 SFT.60  

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 adequacy.61  

 

59 PJM. PJM 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 . òFTR-Option Formulation and Pricing.ó Electric Powers System 
Research (March 26, 2009).  

òPJMõs monthly FTR auctions currently offer FTRs with a term of one month covering the following 
calendar month, and PJMõs annual auction offer FTRs with a term of one year corresponding with 
the PJM Planning Period. Some Market Participants have indicated that an FTR product covering a 
period of time greater than one month but less than one year would better serve their business planning 
needs. In response, PJM has developed new FTR products having terms falling between those of the 
FTR products currently available." 

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

òThe long-term FTR will enhance the total package of FTR products offered in PJMõs Market in several 
ways. First, it will give participants greater flexibility in hedging their market positions. Second, it will 
give participant access to congestion hedges that better align with the requirement of retail access 
auctions that commit a LSE to multi-year LSE obligations. Finally, the longer-termed products also 
increase financial participantõs opportunities in the FTR Market by increasing the number of FTR 
products that can be traded in the market.ó 

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

On January 31, 2017, FERC ordered that PJM allocate balancing 
congestion costs on a pro-rata basis to real-time load and 
exports to solve this issue. Previously, balancing congestion (as 
defined in the textbox) was assigned to FTR holders, and it 
caused FTR holders to discount the value of FTRs given they 
had to absorb a liability (since balancing congestion is typically 
a negative value). The re-assignment to real-time load and 
exports was justified because balancing congestion is a 
settlement based on costs that arise in the real-time market.  

This change to the settlement process is consistent with 
returning congestion payment from LMPs to load, and it also 
supports the second purpose of FTRs ð hedging and promoting 

forward markets. Given that FTR holders no longer bear the balancing congestion liabi lity, 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 ld be improved.  

4.2.6 Surplus transmission conges tion charges 

On June 1, 2018, FERC accepted PJMõs request to shift payment of surplus transmission 
congestion charges from FTR holders to ARR holders. Starting with the 2018/2019 planning 
period, surplus congestion has been distributed to load on a pro -rata basis to their positive ARR 
target allocations.62,63 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 charges occur 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 actually utilized in the spo t market. So, the existence of surplus 

 

62 FERC. 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. See òFederal Energy Regulatory Commission. 163 F.E.R.C. P61,165. Washington D.C., 
2018. P. 3ó 

Balancing congestion is a 
real-time imbalance of 
charges that occurs when the 
transmission capability in 
the real-time energy market 
is less than the assumed 
availability determined in 
the day-ahead energy 
market. In essence, there is 
less electricity available for 
transmission than assumed.  

òThe Commission found that, under these circumstances, the continued inclusion of balancing 
congestion in the definition of FTRs would result in either the chronic under-funding of FTRs, or the 
unrealized value of ARRs for certain load serving entities, to the detriment of both participants in PJMõs 
real-time markets and, under certain circumstances, the holders of the underlying transmission rights.ó 

 
- FERC Order (158 FERC ¶ 61,093) (January 31, 2017) 
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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.64,65  

4.3 Current ARR/FTR mechanisms  

The current ARR/FTR mechanisms are shaped by the changes and modifications made in the 
past several years, as discussed in the previous sections. Currently, the ARR allocation process 
has two stages ð Stages 1 and 2. Under Stage 1, PJM assigns ARR sources for each zone from 
resources historically designated to serve load66 in the zone.  Stage 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, PJM performs a daily ARR reassignment.67  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 as on-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 Ap ril 15, 2020, is a continuous part of the FTR 
mechanism, allowing participants to  acquire long-term FTRs with reduced financial risk. 68 
Appendix C (Section 11) provides a more detailed discussion on the current ARR/FTR 
mechanisms in PJM.  

 

64 FERC. 163 F.E.R.C. P61,165. Washington D.C., 2018. p. 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 Initially, 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. Starting 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 2020., p. 3. 

òPJM states that annual ARRs are currently under-allocated because of òthe necessary conservative 
modelingó required to mitigate against FTR under-funding and FTR revenue inadequacy. [é] PJM 
concludes that the transmission congestion charge surplus is, by definition, the congestion collected for 
which no risk hedge was allocated. Therefore, to the extent FTRs 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 ARRs were under-allocated in the first instance.ó 

- FERC Order (163 FERC ¶ 61,165) (May 31, 2018) 
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5 Selecting the appropriate evaluat ion criteria (Task 2)  

 

Evaluation criteria are vital for structured and methodic analysis. In economics, regulatory 
design,69 and policy analysis, efficiency is the criteria of singular importance. Efficiency invo lves 
the optimal allocation of resou rces to those 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. Therefore, the fairness of outcomes or equity 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 controversi es. Second, each market participant should 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 ð equity, efficiency, tr ansparency, and simplicity ð to 
assess the ARR/FTR mechanisms. The 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 

 

69 For example, see James C. Bonbrightõs seminal regulatory handbook, òPrinciples of Public Utility Rates,ó published 
by the Columbia  Univer sity Press in 1961. 

Key takeaways  

¶ LEI selected four criteria -- equity, efficiency, simplicity, and transparency  -- to analyze 
PJMõs ARR/FTR mechanisms. These criteria are chosen because they are objective and 
quantifiable.  

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

¶ The two purposes behind the creation of FTRs (and ARRs) 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. 
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analyzing issues brought before them.70  Indeed, at the heart of many social policy and regulato ry 
debates lies the age-old question of equi ty 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  

 

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 success of a policy or regulatory decision , as it 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 auctions 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 
like the òjust and reasonableó standard.   

Equity

Efficiency

Transparency

Simplicity

Primary criteria

Secondary
criteria
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or service are inherently expected to deliver on efficiency goals; therefore, market mechanisms 
are preferred over rul es-based schemes to 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 are allocatively efficient, 71 then 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 future congestion. This market-based 
expectation of future congestion is essential to forward markets.  In turn, well -functioning  
forward markets ensure dynamic efficiency 72 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 congestion charges accrued in the 
LMP market since these rents are essentially ad ditional charges paid by load in LMP s, because of 

 

71 If 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 not being realized. Similarly, an 
allocation is inefficient if a good is not being consumed by the buyers who value it most highly. Source: 
Mankiw, N. Gregory. òPrinciples of Microeconomics.ó Fifth Edition. South-Western CENGAGE Learning 
(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 opportunities. Source: Havyatt, David. òThe Components of Efficiency.ó Network, 
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 unfai r 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 guarantee that every market 
player is allocated the same amount of òsocial welfareó).73 Changing the distribution of social 
welfare (i.e., moving around the rent transfers) may require reallocation (or willingly incu rring 
some òleakageó as part of the redistribution process).74  

The two original purposes for the creation of FTRs are examples of a situation involving an 
equity -efficiency tradeoff.  Some market participants raised concerns that there are òleakagesó of 
congestion charges in the existing FTR auction design. 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 
assessing the FTR design, these òleakagesó are not strictly an economic loss but rather are view ed 
as costs for supporting hedging opportunities in the forward market,  as discussed in Section 6.  

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 cost s. 

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 the difference between consumerõs willingness to pay and the actual price is relatively 
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 posi tive economics, the focus falls on the fact-based assessment of òwhat isó ð for example, 
efficiency and the size of the surpluses. In contrast, normative economics recognizes the presence of value 
judgements, such as fairness. As 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 
normat ive views about what policies may be desirable.   

74 Okun, Arthur M. òEquality and Efficiency: The Big Tradeoff,ó The Brookings Institution, Washington D.C. Revised 
Edition. 2015. p. 4. 
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supporting all market participantsõ understanding of the value of the product is essential for a 
well -funct ioning 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.75 In this way, t ransparency can also support efficient outcomes, as it implies 
that all parties can ôseeõ the same information, a critical first step in resolving information 
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 efficiency 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.77 

5.3 Turning abstract criteria  into quantifiable metrics  

LEI acknowledges that the four selected criteria are theoretical, reflecting principle s rather than a 
concrete metric. However, it is possible to describe and elucidate these criteria, so they become 
grounded in the factu al characteristics that represent PJMõs ARR/FTR mechanisms. LEI 
developed a series of questions related to the ARR/FTR construct to describe how the criteria 
should be implemen ted in the analysis ð these questions provide a bridge to the analyses that we 
perform i n 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 ð ARRs and FTRs ð 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 like the winnerõs curse. The winnerõs curse is the situation in 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 Technology 23 (June 
1971). pp. 641-653. 

77 Bonbright, James C. òPrinciples of Public Utility Rates.ó Columbia University Press, 1961. p. 291. 
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V Does the presence of non-load entities participating in the  FTR auctions distort the 
fair allocation of congestion charges to load and other firm transmission service 
customers? Are the FTR profits for non -load entities  commensurate with 
associated risks they are taking?  

 
Efficiency: Are the FTR auctions efficient and supporting bilatera l (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 Is the information released at the same time to all LSEs?  
V Are the information and data related to FTR auctions released in 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 Is the information and data related to the FTR auctions released in a format that is 
easy 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 ru les 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)  

 
LEI began Task 3 by researching and collecting data from PJM and the IMM on the specific 
outcomes in recent years under PJMõs ARR process and FTR auctions. LEI also talked with 
stakeholders to obtain their opinion on the current ARR/FTR mechanisms' advantages and 
disadvantages. As part of this stakeholder engagement, LEI received inp ut on proposed 
modifications to the market design to mitigate perceived deficiencies and enhance the reported 
strengths. LEI also talked to the IMM and PJM staff and gathered data relating to the operations 
of the ARR process and FTR auctions and suggestions for potential changes. Finally, LEI 
conducted an independent analysis of the existing ARR/FTR mechanism's functionality in 
relation to the two purposes.  

Key takeaways  

¶ Based on LEIõs extensive quantitative and qualitative analysis, PJMõs existing ARR/FTR 
mechanisms are working reasonably well, especially after recent enhancements.  

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

¶ 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. Non-load 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 results in benefits such as reducing long-run 
energy costs as well as lowering transaction costs for hedging and contracting 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 PJM. With  
respect to Purpose #1, on average, over 80% of congestion charges collected 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 $1,207 
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., the òleakageó) to load, which 
has averaged $223 million a year in the last six years.   
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6.1 What are the stakeholdersõ viewpoints on the current ARR/FTR construct?  

LEI engaged with 37 stakeholders78 representing LSEs, transmission utilities, generation owners, 
power marketers, financial traders, and different classes of consumers through four three-hour 
FGD sessions, a 56-question follow up survey, and additional one -on-one telephonic intervie ws.79 
From these stakeholder engagements, LEI observed that many ARR participants 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 (Section 12) provides a more detailed description of the results of the 
FGDs and the survey questionnaire. 

6.1.1 Views  on the ARR process 

On the ARR allocation process, LSEs were generally 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 insuff icient 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 needed 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 seeking improvements in the ARR 
allocation process. Some enhancements that were suggested included: more frequent ARR 
allocations and nomination pe riods, 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 participantsõ interest in ARR improvements in a 
quantitative manne r. As shown in Figure 18, there was a near 50-50 split in terms of interest in 
more granular (time of use) ARRs. In contrast, most of the surveyõs respondents supported a 
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 In late August 2020, PJM solicited feedback from all of its mark et participants and members and opened invitation 
to over 1000 members of the ARR FTR Market Task Force and Market Implementation Committee to 
participate in LEIõs focus group discussions.  
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Figure 18. Interest in ARR differentiated by calendar periods, such as on -peak, off -peak, 
weekend, 7x24 

 

Source: FGD Questionnaire Survey, Question 17. 

Figure 19. Interest in the monthly allocati on of AR R entitlements  

 

Source: FGD Questionnaire Survey, Question 16. 

6.1.2 Views on the FTR auctions  

With respect to the FTR auction design, most LSEs and other entities trading  FTRs were in favor 
of the current portfolio of available FTR products, and they felt that the frequency of the FTR 




































































































































































































































































































































































































