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I. INTRODUCTION AND SUMMARY

A. Qualifications and Introduction

1. My name is A. Joseph Cavicchi and I am an Executive Vice President of Compass

Lexecon, 200 State Street, Boston, MA 02109.  Compass Lexecon is an economics and financial

consulting firm that provides corporations, law firms, and governments with analysis of complex

economic and financial issues for use in legal and regulatory proceedings, and in strategic decision-

making.  Compass Lexecon is actively involved in a wide variety of matters that can arise in the

areas of economics and finance.  Our practice areas include energy and environmental economics,

antitrust, industry regulation, securities, damages, intellectual property, as well as business

consulting and public policy analysis.

2. I have testified on several occasions regarding wholesale electricity market

competitiveness and design issues at the Federal Energy Regulatory Commission (“FERC” or

“Commission”).  In addition, I have testified on power supply procurement plans in Pennsylvania

and Ohio and on qualifying facility pricing policy and wholesale market design policy in the state

of California.  Finally, I have written articles on electricity industry structure and policy and run

workshops on U.S. energy, capacity and ancillary services market designs.  My Curriculum Vitae,

Attachment A, describes my experience in greater detail.

3. I have been asked by the P3 Group to review and comment on the PJM Interconnection,

L.L.C.’s March 29, 2019 Enhanced Price Formation in Reserve Markets filing.1  PJM’s Filing

proposes to modify its existing reserve market structure by:  1) Introducing day-ahead Ten-Minute

Synchronized and Non-Synchronized Reserves (“TMSR” and “TMNSR”) markets;2 2)

Eliminating PJM’s Day-Ahead Scheduling Reserve (“DASR”) market and replacing it with a new

thirty minute operating reserve market (or “Secondary Reserve” in PJM’s proposed tariff

language); 3) Aligning these newly defined day-ahead market reserve products with companion

real-time market reserve products; and, 4) Introducing new Operating Reserve Demand Curves

(“ORDCs”) to value those reserves (and energy as appropriate) beyond Minimum Reserve

1  Enhanced Price Formation in Reserve Markets of PJM Interconnection, L.L.C., Docket No. ER19-1486, 
March 29, 2019 (“PJM Filing”). 

2  Note PJM’s tariff refers to ten-minute synchronized and non-synchronized reserves as “Primary Reserves.” 
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Requirements (“MRRs”) that are necessary to reliably operate PJM’s system as it confronts the 

growing supply of intermittent resources. 

B. Overview and Summary 

4. PJM’s current reserves market design does not equitably compensate resources for the 

services that they provide and PJM’s operators must frequently intervene in the market processes 

to ensure sufficient resources are available to ensure reliable system operations.  These 

interventions occur in large part because PJM’s reserve market design is somewhat unconventional 

when compared to most other U.S. ISOs.  PJM does not include ten-minute synchronized and non-

synchronized reserves in its day-ahead market and thus does not co-optimize its expected real-time 

energy and reserve requirements in the day-ahead time frame.  PJM instead procures DASR in the 

day-ahead time frame, and Primary Reserves (TMSR and TMNSR) in the real-time market.  In 

addition, PJM currently bifurcates the provision of synchronized reserves (TMSR) in two tiers, 

such that resources providing the same service are compensated at different prices and the two 

tiers’ resource performance obligations are not consistent.  Because PJM cannot rely on the DASR 

to reliably meet reserve requirements in real-time, PJM biases net-load inputs into its Intermediate 

Term Security Constrained Economic Dispatch (“IT SCED”) tool (which commits resources with 

start-up times of two hours or less) to account for net-load uncertainties that require additional 

reserves be available in real-time.  PJM’s Filing appropriately recognizes that continued reliance 

on its current reserve market design structure will perpetuate biasing and other out-of-market 

actions by PJM operators, and result in unduly discriminatory and inefficient (i.e., unjust and 

unreasonable) market prices.3 

5. PJM’s Filing proposes to harmonize its day-ahead and real-time reserve markets and 

introduce improved pricing that recognizes the value of resource flexibility to meet unpredictable 

shifts in net-load intra-hour and throughout the operating day.  In the absence of efficient pricing 

for resources that stand prepared to provide reserves (and ultimately help PJM meet real-time 

ramping requirements), PJM would either continue taking non-market-based actions that 

unreasonably distort prices, unduly discriminate among different resources providing the same 

product and effectively eliminate shortage pricing or face greater incidence of shortage driven 

                                            
3  PJM Filing at 5-9. 
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pricing and the acknowledged risk of possible loss of load events.  Neither approach represents an 

acceptable long-term, reliable operational paradigm for PJM to accommodate a rapid growth of 

intermittent resource supply. 

6. PJM’s two-tier pricing and performance structure for synchronized reserves often results 

in zero prices at those times when locational marginal prices (“LMPs”) are highest.  In the first 

full year since PJM introduced five-minute interval settlement pricing (starting April 1, 2018) 

Regional Transmission Organization (“RTO”) and Mid-Atlantic Dominion (“MAD”) 

synchronized reserve prices have been zero in over one third of the top 5 percent highest energy 

price intervals.  The prices for synchronized and non-synchronized reserves do not come close to 

covering PJM’s cost of these services and uplift payments are required to make up the difference.  

The prices for these services are not revealed through a uniform clearing price.  Finally, the market 

design does not incentivize consistent performance of those resources providing these services. 

7. Approval of PJM’s proposal will replace PJM’s current reserve market design with a 

proven design consistent with that used by many U.S. Independent System Operators (“ISOs”).  

By aligning the provision of reserves in the day-ahead and real-time markets PJM can better 

maximize energy and ancillary services market efficiency.  Resources assigned to provide reserves 

will receive uniform compensation and face appropriate incentives to perform.  Market prices will 

reflect the value of flexibility necessary to ensure reliable system operations and signal to existing, 

new and load responsive resources that these services will be compensated equitably and 

independent of technology type. 

8. Moreover, the proposed design of PJM’s ORDCs is a reasonable basis for the development 

of a pricing schedule to value reserves.  By basing the shape of the curve on the probability that 

reserves fall below MRRs measured based on observed real-time net-load uncertainty, PJM 

explicitly links its flexibility requirements to its reserve pricing schedule.  The additional reserves 

that PJM will procure using the ORDCs will be optimized based on the economic trade-offs among 

resources that results when procuring a complete set of energy and reserves in the day-ahead and 

real-time markets.  The reserves that are procured will be converted to energy when necessary in 

real-time and the reserve quantities are carefully calculated to replace the frequent need for 

operator intervention.  PJM proposes 24 ORDCs to capture the intra-day and seasonal variation of 

net-load uncertainty.  The ORDCs strike a balance between the need to ensure market-based 
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reliable system operations during times of greatest uncertainty while recognizing the considerable 

variation in these uncertainties throughout the year. 

9. In addition, the adoption of the proposed ORDCs includes the important design attribute 

where energy prices reflect the value of reserves whenever the quantity of cleared reserves falls 

along the ORDC pricing schedule.  In addition, during those infrequent times when there are 

reserve shortages, prices rise while the supply offers of resources need not reflect energy shortage 

conditions as the ORDCs incorporate the reserve shortage pricing into the energy prices.  The 

ORDCs incentivize resources to offer at their short-run marginal cost as they are not compensated 

if they are not providing energy and/or reserves. 

10. PJM’s analysis of the market impact of its ORDC proposal focuses solely on costs.  

However, PJM’s proposal provides additional benefits that cannot be readily quantified using 

historical data.  First, load will be further incentivized to participate in the energy and reserve 

markets.  With the ongoing move toward increased battery storage resources and transportation 

electrification, sending efficient wholesale price signals becomes more and more critical to 

optimize consumption patterns.  Next, energy storage resources will be able to better optimize 

charging and discharging cycles.  Third, importers and exporters will face prices that reflect the 

true value of energy and reserves in PJM facilitating more efficient decision making in the spot 

markets.  Finally, retail and utility default service providers will be able to better hedge the costs 

of uplift whereas now these costs are unpredictable and drive up costs for consumers. 

11. In the absence of PJM’s proposal, other action would need to be taken to value resource 

flexibility and accommodate the increased growth rate of intermittent resources.  Experience with 

potential alternative market design changes such as the development of a ramp capability product, 

or the introduction of flexibility requirements in the capacity market design, indicates these options 

would present implementation challenges.  PJM’s proposal to use increased reserve requirements 

as a means for valuing additional flexibility is a reasonable and effective approach for 

accommodating growth in intermittent resources.  It also provides virtually the same result – 

increased flexibility – and there is no requirement that ISOs follow a standardized market design.  

Additionally, PJM’s proposal has been completely developed and can be implemented far quicker 

than if PJM was required to develop an entirely new product.  PJM’s proposed market design 
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changes will position PJM to meet future uncertainties without relying exclusively on net-load 

biasing and out-of-market actions. 

12. The growth of near zero-marginal cost intermittent resources will continue to displace 

conventional capacity resources.  However, there remains a need for a diverse mixture of capacity 

resources to respond to the now familiar net-load changes associated with variation in intermittent 

resource output.  It is critical that the electric system have available sufficient flexible resources to 

meet net-load variations.  However, capacity resources are not directly compensated for providing 

the ramping flexibility that PJM already needs to manage forecast and resource availability 

uncertainties.  Providing appropriate compensation for resource flexibility in the energy and 

reserve markets will offset revenues received from the capacity market and reduce capacity market 

offer prices and the estimated net-cost of new entry.  Those resources that can most cost effectively 

provide these services will be more competitive than resources that cannot and over the long-term 

the supply mixture will evolve to represent this difference in resource performance. 

13. PJM’s proposal is an effective and efficient approach for ensuring that its market design 

stands ready to accommodate increased uncertainty in the future.  Moreover, PJM’s proposal will 

provide price incentives for buyers and sellers to respond to future market conditions and ensure 

flexibility will be valued more efficiently by the operating reserves markets.  Perpetuating a market 

design that cannot ensure fair and efficient pricing and must rely on persistent operator intervention 

in the market processes to ensure reliability will further move PJM away from the market design 

necessary to accommodate the future resource mixture.  By relying on market competition PJM 

will bring forth investment and innovation while minimizing costs to consumers, especially over 

the longer-term.  Finally, PJM’s proposal can be expected to provide incremental reliability 

benefits as it substitutes operator judgement with reserve purchases at quantities that are directly 

tied to PJM’s requirements for maintaining reliability.  I recommend that the Commission find 

PJM’s current reserves markets’ structure and pricing to be unjust, unreasonable and unduly 

discriminatory and approve PJM’s Filing. 

II. PJM’S CURRENT OPERATING RESERVE MARKET DESIGN 
DOES NOT SUPPORT EFFICIENT MARKET OUTCOMES 

14. PJM’s current reserve markets are the result of an evolution in market design that built 

upon the definition of PJM reserves at the time of the market’s introduction and does not reflect 
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operating reserve market design best practices today.4  PJM’s day-ahead market design includes 

only a single thirty-minute reserve product -- day-ahead scheduling reserve -- that does not align 

with the ten-minute reserve products that are procured in real-time (synchronized and non-

synchronized reserves).5  PJM’s real-time ten-minute synchronized reserve market provides for 

the purchase of two-different products (referred to as Tier 1 and Tier 2) that are not uniformly 

priced and do not require suppliers to meet the same performance obligations.6  The shortage 

pricing mechanisms associated with the reserves does not properly value reserves during reserve 

shortage conditions.7  In the absence of consistent and effective day-ahead and real-time reserve 

markets PJM finds itself in the position of relying on regular operator (generator dispatcher) 

intervention to ensure reliable operations. 

15. As PJM’s Mr. Pilong explains, PJM operators routinely apply a load bias when executing 

PJM’s IT SCED to account for errors in forecasts and generator responses that are observed on a 

daily basis.8  However, the application of a bias is not based on transparent rules or protocols, but 

relies on operator “training, experience, and judgement” with the amount of the bias varying 

depending on operator.9  In addition, PJM’s Mr. Keech notes, from an “operators’[sic] perspective, 

                                            
4  PJM introduced its real-time synchronized reserve market in December of 2002, but its Tier 1 and Tier 2 

synchronized reserve product definitions pre-date the establishment of the market.  (PJM Market Monitoring 
Unit, 2002 State of the Market, March 5, 2003 at 96).  PJM’s DASR was introduced in June of 2008 in 
association with the PJM RPM settlement agreement (PJM IMM, 2009 State of the Market Report for PJM, 
Monitoring Analytics, Volume II, March 11, 2010 at 396).  PJM’s ten-minute non-synchronized reserve 
market was introduced in 2012 in association with PJM’s compliance with Commission Order No. 719 (PJM 
Interconnection, L.L.C., FERC ¶ 61,057 (2012) at P 96).  In 2008, after almost a decade of experience with 
competitive electricity market designs, it was acknowledged that core design elements of wholesale electricity 
markets are co-optimized day-ahead and real-time energy and ancillary services markets (Helman, U., Hobbs, 
B. and O’Neill, R., Competitive Electricity Markets, Design, Implementation and Performance, Chapter 5, 
The Design of US Wholesale Energy and Ancillary Service Auction Markets: Theory and Practice, Elsevier 
Global Energy Policy and Economics Series, 2008 at 179). 

5  PJM Filing at 39. 
6  PJM’s Filing and attached affidavits provide considerable detail describing the inefficiencies of the Tier 1 and 

Tier 2 product definition differences, performance problems, and the resulting undue discrimination under the 
current synchronized market design. 

7  PJM Filing, Attachment D, Affidavit of Adam Keech on Behalf of PJM Interconnection, L.L.C., (“Keech 
Affidavit”) at PPs 10-11. 

8  PJM Filing, Attachment E, Affidavit of Christopher Pilong on Behalf of PJM Interconnection, L.L.C., (“Pilong 
Affidavit”) at PP 8-11. 

9  Pilong Affidavit at P 9. 
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it always better to be long than short,” which will result in excess supply, suppressing prices, each 

time being “long” supply was unnecessary.10 

16. Moreover, the empirical analysis presented by Mr. Pilong is particularly striking as it 

reveals systematic net-load biasing of the inputs to the IT SCED that appear to have been largely 

unreported prior to the submission of PJM’s filing.11  In those instances where biases are positive, 

Mr. Pilong reports average bias quantities of hundreds of megawatts to as much as nearly 1,500 

MW depending upon the observed synchronized reserves surplus.12  The extent to which net-load 

biasing is an undocumented integral element of PJM operators’ day-to-day routine when running 

the IT SCED is alarming and impacts price formation at precisely those times when it is most 

important for the markets to signal the value of flexibility to respond to varying system conditions. 

17. In addition, operators also bias other inputs which can affect the real-time dispatch and 

undermine the efficiency of the energy and ancillary services markets.  For example, PJM’s IMM 

regularly reports that PJM’s operators can bias the estimate of Tier 1 synchronized reserves in the 

hour ahead ancillary services optimizer to reflect uncertainty in short-term load forecasting and 

expected generator performance.13  By biasing the Tier 1 reserve requirement, demand for Tier 2 

reserve resources is modified and affects the prices for Tier 2 reserves.  Moreover, under certain 

hot and cold weather alerts or other specific emergency conditions PJM operators can increase the 

DASR requirement using a Seasonal Condition Demand Factor that is 3.75% for winter and 2.45% 

for summer and is yet another way for operators to increase the amount of resources available in 

real-time to respond to unexpected system operational conditions.14  PJM relies heavily on a 

mixture of non-transparent operator actions to ensure that its can operate the power system reliably. 

18. Finally, operators may also manually initiate out-of-market actions to commit additional 

generation reserves.15  While PJM indicates these operator actions are less frequent and reserved 

                                            
10  Keech Affidavit at P 51. 
11  Pilong Affidavit at Table 1.  A review of the past few years of PJM’s IMM’s state of the market reports does 

not appear to mention the biasing practice described by Mr. Pilong. 
12  Id. 
13  Monitoring Analytics, Independent Market Monitor for PJM, 2018 State of the Market Report for PJM, 

Volume II:  Detailed Analysis, 3.14.2019 (“PJM 2018 SOM”) at 463.  See also Monitoring Analytics, 
Independent Market Monitor for PJM, 2017 State of the Market Report for PJM, Volume II:  Detailed 
Analysis, 3.8.2018 at 194 and Table 10-14. 

14  PJM 2018 SOM at 479. 
15  Pilong Affidavit at P 18. 
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for those instances where resources with longer start-times and potentially longer minimum 

commitment periods prevent IT SCED from making these decisions, committing these longer-start 

time resources for reserves results in other resources being backed down, unnecessarily suppressed 

market clearing prices, and often results in uplift payments.16 

19. Empirical analysis of prices and costs reinforces the inefficiencies associated with the 

current reserve market design that PJM seeks to resolve with its proposal.  Reliance on operator 

intervention to positively bias modeling inputs to ensure sufficient reserves are available results in 

additional resource commitments that put downward pressure on prices.  As PJM explains, 

operator actions and other aspects of the Tier 1/Tier 2 product construct often result in 

synchronized reserve prices of zero, even at times when system conditions would be expected to 

result in reserves having positive value.17  Figure 1 further reinforces the frequency with which 

synchronized reserve prices are zero at times when PJM’s energy prices are at their highest levels.  

Figure 1 plots the top 5% of reported 5-minute Locational Marginal Prices (LMPs) for PJM RTO 

hub prices (excluding MAD pricing hubs) against the 5-minute synchronized reserve prices for the 

RTO region for the period April 1, 2018 – March 31, 2019.  Figure 1 shows that RTO synchronized 

reserve prices are often zero in intervals where LMPs are at their highest levels.  In fact, 35% of 

the five-minute interval synchronized reserve prices are zero during those intervals where system 

energy prices reach their highest values.18 

                                            
16  Pilong Affidavit at PP 18 and 20 and Keech Affidavit at PP 50-53. 
17  PJM Filing at 7 and 20-21. 
18  Using MAD synchronized reserve prices 33% of the five-minute intervals where system energy prices were 

highest were equal to zero. 
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20. In addition to the reserve pricing and performance problems that PJM identifies in its 

filing,19 the PJM IMM reports other metrics that reveal further inefficiencies in the PJM reserve 

market design.  For example, Figures 2 and 3 shows Tier 2 synchronized reserve prices for PJM’s 

RTO and MAD regions fall considerably below the level necessary to cover the costs incurred by 

PJM to compensate providers of these reserves (with a price to cost ratio averaging only a little 

over 50%).20  An efficient reserves market outcome would reveal a price to cost ratio that 

approached 100% indicating that market prices are high enough to cover the cost incurred by PJM 

to procure reserves.  However, PJM’s reserve markets -- even after accounting for the introduction 

                                            
19  PJM Filing at Section II. 
20  PJM’s Independent Market Monitor (“IMM”) reports that changing grid conditions, load forecasts, and 

unexpected generator performance, result in prices that do not always cover the full offer cost (including lost 
opportunity cost) for each resource.  Because the synchronized reserve commitment occurs prior to the hour 
and price formation occurs within the hour (on a five-minute basis integrated over the hour), the realized 
within hour synchronized reserve price can be zero even when some tier 2 synchronized reserve is cleared.  
All resources cleared in the market are guaranteed to be made whole and are paid if the synchronized reserve 
market clearing price does not compensate them for their offer plus lost opportunity cost.  See PJM 2018 SOM 
at 470. 
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of 5-minute settlements pricing in April of 2018 -- fall considerably below this cost coverage 

threshold.  Similarly, Figure 4 shows the same price to cost ratio for PJM’s non-synchronized 

reserve market.  The 2018 average price to cost ratio for non-synchronized reserves is under 20% 

and clearly reveals the inefficiencies of the current market design. 
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21. The lack of cost recovery by those resources that are providing PJM’s reserve services 

is in conflict with the Commission’s prior finding that “[p]ayments made only to individual 

resources and recovered in uplift fail to send clear market signals.”21  In the absence of a 

transparent market clearing price that appropriately compensates resources providing reserves 

PJM will continue to incur uplift and not signal the value of flexibility that it requires to maintain 

reliable system operations. 

                                            
21  PJM Interconnection, L.L.C., 139 FERC ¶ 61,057 (2012) at P 63. 
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22. Next, the design of the DASR that allows PJM operators to bias the DASR quantities 

creates additional inefficiencies.22  It is likely that the absence of financially binding day-ahead 

primary reserve markets, and a real-time secondary reserve market, cause operators to bias the 

quantity of DASR to include a seasonal adjustment factor to ensure that a sufficient amount of 

reserves will be available in real-time.  This increases the cost of DASR23 and often requires the 

downward dispatch of other resources that would not be expected to result in the cost minimizing 

mixture of resources if the day-ahead market cleared the same reserve products as the real-time 

market.  Again, operator actions are necessary which interfere with market efficiency and suppress 

prices. 

23. Finally, PJM’s real-time shortage pricing framework cannot be expected to accurately 

reflect real-time shortage conditions with continued operator initiated biasing.  Operator actions 

                                            
22  PJM 2018 SOM at 480-481. 
23  Id. 
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should be reduced by accounting for uncertainties that can be estimated based on actual operational 

data used to define the ORDCs.  Thus, minimizing operator intervention should allow real-time 

reserve and shortage prices to increase when appropriate and “ensure that a resource is 

compensated based on a price that reflects the value of the service the resource provides.”24  

Moreover, the penalty factors relied upon by PJM in its market design should be consistent for 

resources providing energy and reserves. 

24. As is shown above, the positive biasing that results from PJM operator actions puts 

downward pressure on market prices and ultimately distorts the incentives of buyers and sellers by 

not appropriately signaling the value of reserves and resource flexibility.25  Also, operator initiated 

biases can be expected to reduce or wholly avoid instances where emergency procedures occur, 

which while good for reliability, also pushes down prices.  It is understandable that PJM operators 

prefer not to be “short,” but pricing is expected to reflect system conditions and accurately reflect 

the value of a resource providing reserves.  Biasing the commitment and dispatch tools in a way 

that clearly suppresses prices, pays resources providing the same services different prices, and 

produces uplift, is not indicative of an efficient market design. 

25. PJM’s IMM also recognizes the inefficiencies that result when operators take actions that 

should be accounted for in the market design.  For example, PJM’s IMM recently noted in the 

Commission’s PJM fast-start resource pricing docket that: “conservative operators take actions 

that mean that PJM needs additional reserves,” and “these extra reserves are not included in reserve 

targets when defining scarcity [fn omitted].  Conservative operator actions are not directly priced 

and suppress prices at times when prices should be higher.”26  PJM’s proposal responds head-on 

to the ongoing and likely growing market inefficiencies by reducing and minimizing the need for 

frequent significant operator intervention in the market processes. 

                                            
24  Order No. 825, Settlement Intervals and Shortage Pricing in Markets Operated by Regional Transmission 

Organizations and Independent System Operators, 155 FERC ¶ 61,276 (2016), (hereinafter “Order No. 825”) 
at P 162. 

25  While PJM seeks to limit the biases it introduces via its operator actions, the impacts are clearly significant. 
See PJM Manual 11:  Energy & Ancillary Services Market Operations, Revision: 104, Effective Date: 
February 7, 2019, Section 6: Reserve Requirements in PJM Energy Markets at 104 (“The goal of the PJM is 
to develop schedules that preserve the security of the PJM RTO on an unbiased basis for all PJM Members.”) 

26  Initial Brief of the Independent Market Monitor for PJM, FERC Docket No. EL18-34-000, February 12, 2018 
at 2. 
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26. In addition, PJM’s current reserve market design reliance on different reserve products in 

the day-ahead and real-time markets can contribute to energy price divergence between the day-

ahead and real-time markets and create opportunities for virtual traders to profit without enhancing 

market efficiency.  In the case of PJM’s current energy and reserve market design, the day-ahead 

market does not account for the synchronized and non-synchronized reserves required in real-time 

and instead commits resources to provide DASR regardless of whether those resources represent 

the day-ahead market welfare maximizing mixture of resources.27  Thus, the resources that receive 

schedules in the day-ahead market would not be expected to be the least cost mixture of resources 

to provide energy and reserves in real-time.  Moreover, given the operator biasing to account for 

uncertainties, the mixture and dispatch of resources operating in real-time may notably differ 

relative to day-ahead schedules.  The variation in reserves procurement can result in different 

system transmission constraints between day-ahead and real-time and create energy arbitrage 

opportunities that are driven by the definition of the reserve products as opposed to price 

convergence driven by underlying differences in expected supply and demand. 

27. It is well understood that when modeling inputs vary between the day-ahead and real-time 

markets it may create opportunities for virtual traders to profit without enhancing market 

efficiency.28  If a market participant uncovers profitable pricing differences that are driven by 

modeling differences, there can be opportunities to profit using virtual trades.  However, because 

the modeling differences are driving the price differences, day-ahead and real-time price 

convergence would not result, and the expected price convergence efficiencies associated with 

virtual trading would not be realized. 

28. PJM’s experience with its current reserve market design clearly shows that its operators 

cannot rely on this market design to provide a sufficient amount of reserve resources to reliably 

meet demand.  Continued reliance by PJM operators on net-load biasing in its IT SCED and biasing 

in other operator system reserve requirements undermine energy and ancillary services market 

efficiency and perpetuate a lack of transparency in the market commitment and dispatch process.  

                                            
27  Specifically, the day-ahead market maximizes the benefits minus the costs for a given set of supply offers and 

demand bids subject to system and resource operational constraints.  This maximizes welfare and minimizes 
the costs of those resources receiving day-ahead market schedules. 

28  See, for example, Virtual Transactions in the PJM Energy Markets, PJM Interconnection, October 12, 2015 
at 41-47.  Note that market participants may find these virtual trading profit opportunities without having any 
knowledge of what is causing the pricing patterns. 
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An efficient market design should ensure reliable system operations without placing operators in 

the position of regularly having to make so many significant adjustments.  PJM’s current reserve 

market design drives up costs, does not maximize welfare, and unduly discriminates providers of 

synchronized reserves.  Given this situation, the Commission should conclude that PJM’s current 

reserve markets design is unjust and unreasonable. 

III. PJM’S PROPOSAL IMPROVES MARKET EFFICIENCY AND 
ENSURES RELIABLE SYSTEM OPERATIONS 

A. PJM’s Proposal Adopts a Standard Wholesale Electricity Reserve Market 
Framework with an Efficient Pricing Structure 

29. The PJM Filing proposes to make the following changes to PJM’s reserve markets: 

• consolidate the Tier 1 and Tier 2 products into one product, called 

“Synchronized Reserve,” with uniform commitment, compensation, and 

performance obligations to meet all Synchronized Reserve needs; 

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

needed for real-time operation are recognized on a forward basis during the 

scheduling processes for the next operating day. 

• revise the current ORDC by: 

o changing the ORDC curve shape based on a systematic, probabilistic 

quantification of the same categories of load and supply uncertainties 

that PJM operators are currently trying to address when they bias 

dispatch schedules or take other out-of-market actions to guard against 

PJM falling short of its MRRs; and  

o raising the Reserve Penalty Factor to $ 2,000/MWh, to recognize that 

sellers could have legitimate opportunity costs up to that level during 

shortage conditions from foregoing energy market sales (or load 

reductions) in order to commit as reserves.29 

                                            
29  PJM Filing at 9. 
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30. PJM’s proposed changes eliminate the inefficiencies described in Section II herein.  

First, the Tier 1/Tier 2 synchronized reserve product structure and pricing is clearly failing and 

consolidating these two tiers into a single synchronized reserve product is a logical evolution for 

PJM’s synchronized reserves.  Next, aligning the day-ahead and real-time reserve market designs 

ensures the appropriate mixture of reserves needed to maintain reliability is procured on a forward 

basis and creates strong incentives for resources with reserve schedules to perform in real-time 

when called upon to provide energy.  Third, deriving operating reserve quantities that are 

consistent with the actual day-to-day and month-to-month variations that PJM’s operators must be 

prepared to respond to so as to ensure reliability links the reserve obligations directly to the 

uncertainty that drives PJM’s operator interventions.  Finally, pricing these operating reserve 

quantities based on the probability of reserves falling below the MRR provides a strong theoretical 

foundation and appropriately values the reserves that PJM requires to operate its system reliably. 

1. Tier 1/Tier 2 Consolidation and Day-Ahead/Real-Time Reserve Market 
Alignment 

31. PJM’s proposal to eliminate its discriminatory synchronized reserve products and 

introduce companion reserve markets in the day-ahead for synchronized and non-synchronized 

reserves and in real-time for secondary reserves will vastly improve PJM’s reserve markets.  Not 

only does PJM’s proposal bring PJM’s market design in line with the best practices of almost all 

other U.S. ISOs, but it importantly will establish day-ahead reserve obligations that will be the 

primary means by which reserves will be procured in PJM’s markets.  The day-ahead market will 

create schedules that better maximize welfare and new incentives will be created for resources that 

receive reserve schedules to perform in real-time. 

32. As PJM explains in its filing, reserve resources’ synchronized reserve performance is 

not surprisingly lacking.30  Without a financially binding day-ahead market for reserves, the 

synchronized reserve penalty is the only means available for PJM to penalize non-performance in 

real-time, and even then assuring its effectiveness can be complex.31  Moreover, the current 

                                            
30  PJM Filing at 17-20. 
31  The definition of an appropriate penalty is difficult in the absence of a readily available price to use that is 

related to the obligation assigned to the reserve provider.  See, for example, the New York Independent System 
Operator’s Manual 14, 4.3.3 Balancing Market Supplier Settlement – LBMP Energy Imports where a seller is 
charged a penalty based on the advisory price for those intervals for which it was scheduled in real-time and 
did not meet its obligations. 
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framework does not obligate Tier 1 synchronized reserve performance.32  PJM’s proposal, 

however, ensures resources will be available in the day-ahead market to provide reserves through 

its must offer requirement.33  As PJM states in its filing:  “all Generation Capacity Resources must 

offer all available reserve capability at all times, regardless of whether the resource is online or 

offline[fns omitted].”34  Moreover, PJM’s proposal improves the measurement of resources’ 

ability to provide all reserves and revises aspects of its current market design that result in 

potentially inaccurate reserve capability data being relied upon by PJM.35  Finally, PJM clarifies 

how demand response resources can participate as “economic load response” and the offer pricing 

rules that will be applied to these resources.36 

33. The introduction of day-ahead markets for synchronized and non-synchronized 

reserves will improve PJM’s market efficiency by aligning the procurement of reserves in the day-

ahead market with the reserves currently procured in the real-time market.  The day-ahead market 

unit commitment and scheduling will include accurate constraints for each of the reserve products 

and will ensure that the resources that receive schedules in the day-ahead represent the least-cost, 

welfare maximining mixture of resources.  Moreover, PJM’s proposal includes a newly added 

listing of synchronized and primary reserve provider requirements that must be met in order for 

resources to be eligible for certain credits provided as part of lost opportunity cost payments.37  

These changes will provide synchronized and primary reserve suppliers with improved incentives 

to be available and perform in the real-time market. 

34. Similarly, the introduction of a secondary reserve real-time market provides alignment 

with the secondary reserves that will now be procured in the day-ahead market under PJM’s 

proposal and also improves PJM’s overall market efficiency.  Secondary reserves will be subject 

to new performance requirements where resources that do not meet their day-ahead obligations 

will have to purchase secondary reserves in the real-time market to cover their non-performance.38  

                                            
32  Keech Affidavit at P 6. 
33  PJM also proposes to retain a synchronized reserve performance penalty that has not been notably effective 

for incenting performance (See, for example, PJM 2018 SOM at 471-472). 
34  PJM Filing at 81, noting that Capacity Generation Resources include Capacity Storage Resources.  Note also 

PJM has some specific exceptions related to resources that cannot reliably provide reserves. 
35  PJM Filing at 87-91. 
36  PJM Filing at 91-94 
37  PJM Filing, proposed Operating Agreement, Schedule 1, Section 3.2.3A.(f)(iii) and 3.2.3A.001(d)(ii). 
38  PJM Filing, proposed Operating Agreement, Schedule 1, Section 3.2.3A.01 (f)-(h). 
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The introduction of the secondary real-time market represents a considerable improvement that 

will ensure that the value of secondary reserves are realized by PJM.39 

2. ORDC Definition 

35. The shape of PJM’s proposed ORDCs is derived based on the uncertainties that 

underlie its forecasting processes, generator availability and net-interchange (imports minus 

exports).40  As explained in Section II, these uncertainties currently result in PJM’s operators being 

unable to ensure that sufficient reserves are available to maintain reliability in real-time without 

taking additional actions that often result in the commitment of additional resources, changes in 

other resources’ dispatch, distorted prices and at times increased uplift.  PJM’s proposal represents 

a transparent market-based mechanism that will ensure the procurement of sufficient reserves and 

account for PJM’s current and evolving system operational conditions.  As PJM’s IMM states: 

“The need to commit more reserves could instead be reflected in the ORDC, allowing the market 

to efficiently account for the reliability commitment in the energy and reserve markets.”41  This is 

what the approval of PJM’s proposal achieves. 

36. Basing the ORDC’s derivation on actual PJM system operational conditions provides 

a demonstrated linkage to the uncertainties that PJM faces to maintain reliability day-to-day.  A 

key innovation that PJM’s proposed ORDCs introduce is the measurement of the historical 

probability that reserves will fall below PJM’s Minimum Reliability Requirement (MRR).42  Using 

a statistical analysis of the uncertainties that operators have faced over the most recent three years 

PJM can estimate the value of maintaining reserves beyond the MRR.  To make this calculation 

PJM gathers historical data on the uncertainties faced when executing its real-time commitment 

and dispatch models and calculates the ratio of the number of instances where the total net-load 

variation (in MWs) would have resulted in reserves falling below the MRR for a number of 

individual reserve levels (i.e., reserve levels (MWs) above the MRR).43  These resulting ratios are 

the probabilities that are then multiplied by a penalty factor representing the cost of maintaining 

                                            
39  PJM’s DASR resulted in the payment of millions of dollars each year without an effective means to penalize 

non-performance (PJM 2018 SOM at 481.) 
40  PJM Filing, Attachment F, Affidavit of Dr. Patricio Rocha Garrido on Behalf of the PJM Interconnection, 

L.L.C. (“Rocha Garrido Affidavit”), at P 11. 
41  PJM 2018 SOM at 209. 
42  Rocha Garrido Affidavit at PPs 15-19. 
43  This process is described in greater detail in the Rocha Garrido Affidavit at PPs 15-19. 
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reserves above the MRR; the results are estimates of the expected value of maintaining reserves 

above the MRR.  An example of the results of these calculations is shown in Figure 5 for summer 

time blocks 4 (11:00 – 14:00) and 5 (15:00 – 18:00). 

 

37. The proposed ORDC shapes will vary diurnally and seasonally to ensure that the 

different system operating conditions that PJM faces throughout the year are captured accurately.44  

In total PJM identifies 24 time periods with ORDCs for each reserve product and the pricing 

schedule for the ORDCs can vary considerably for different times of the day and the year.  For 

example, Figure 5 shows that the estimated probabilities of falling below the MRR for summer 

late afternoon time block 5 (15:00-18:00), relative to the early afternoon summer time block 4, 

reflect the increased value of reserves during peak summer hours when there is greater net-load 

uncertainty.  Conversely, time blocks that have lower net-load uncertainty at reserve levels beyond 

                                            
44  The proposed shapes of the ORDCs can be seen at:  https://www.pjm.com/-/media/committees-groups/task-

forces/epfstf/20190314-pf/20190314-operating-reserve-demand-curves-new-forced-outages-
methodology.ashx 

https://www.pjm.com/-/media/committees-groups/task-forces/epfstf/20190314-pf/20190314-operating-reserve-demand-curves-new-forced-outages-methodology.ashx
https://www.pjm.com/-/media/committees-groups/task-forces/epfstf/20190314-pf/20190314-operating-reserve-demand-curves-new-forced-outages-methodology.ashx
https://www.pjm.com/-/media/committees-groups/task-forces/epfstf/20190314-pf/20190314-operating-reserve-demand-curves-new-forced-outages-methodology.ashx
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the MRR have lower values.45  However, importantly, the intra-day variations are accurately 

captured for the different seasons as each season has a period where the ORDC varies relative to 

other ORDCs for that season demonstrating the reasonableness of PJM’s selection of multiple time 

periods across the four annual seasons. 

38. Anchoring the ORDC’s penalty factor at the MRR is consistent with the value of PJM’s 

proposed penalty factor which represents the lowest cost at which PJM will incur costs to maintain 

reserves.46  PJM’s objective to avoid instances where reserves fall below the MRR is reasonable 

and consistent with the way the that PJM’s operators ensure reliable system operations.  Moreover, 

under PJM’s proposal it would be expected that that most load will be hedged against real-time 

energy and reserve shortages, as is almost certainly the case now.47 

39. PJM’s proposed ORDCs will not be static and will be updated annually to reflect the 

evolution of PJM’s system and the tools available to its operators to forecast load and intermittent 

resource output.48  To the extent that PJM’s resources perform better as the resource mixture turns 

over and/or becomes more flexible and responsive given the improved performance requirements, 

generator availability would be expected to improve.  Forecasting tools can be expected to become 

more refined, and to the extent this reduces forecast uncertainty, this will be captured in the 

ORDCs. 

40. The derivation of the proposed ORDCs will result in the procurement of additional 

secondary reserves relative to the DASR currently scheduled by PJM.  As Mr. Pilong notes, an 

increase in the availability of secondary reserves can be expected to help respond to fuel supply 

disruptions that could impact a particular natural gas pipeline.49  Moreover, to the extent that the 

future system reserve mixture can accommodate the risk of fuel supply disruption through 

increased reserves and more flexible resources, other potential market design changes may be 

unnecessary.   

                                            
45  Id. 
46  Keech Affidavit at P 9. 
47  While it is impossible to know exactly how much load is exposed to real-time prices, residential and small 

commercial customers purchase power under utility default service plans or retail supplier agreements which 
are typically priced over monthly, multi-monthly, yearly and multi-year terms. 

48  PJM Filing at 68. 
49  Pilong Affidavit at P 29. 
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41. Finally, an important underlying feature of the ORDC design is that it allows prices to 

rise as a result of a reserve shortage without relying on resource energy market offers to set prices.  

Moreover, in the absence of an ORDC, energy market scarcity pricing can only result in PJM under 

specific system conditions where market power mitigation is relaxed and energy supply (or load 

response) offers are allowed up to the level of price caps.  With the ORDC, supplier offers are 

capped and reserve price increases under reserve shortage conditions appropriately drive up energy 

prices.  In other words, in those instances where reserves are tight energy and reserve pricing will 

be driven by ORDC values based on actual system operational situations where the probability of 

reserves falling below the MRR is driving the determination of the value of reserves.  Thus, during 

an operating reserve shortage the value of reserves that are relied upon to maintain reliability are 

in included in the energy prices.50 

3. Additional Benefits Associated with PJM’s Proposal 

42. Greater efficiency in day-ahead and real-time energy and ancillary services prices 

provides additional important benefits to PJM.  Not only will the mixture of resources committed 

and dispatched day-to-day be more efficient, the resulting energy and ancillary services market 

prices will reflect the value of the provision of these products to consumers and PJM’s need to 

manually intervene in the markets will be materially reduced.51  Resources providing energy and 

reserves facing these more efficient prices will be motivated to respond in the most cost-effective 

ways.  Over time, buyer and seller responses will drive innovation and consumers will be better 

off.52 

43. There are at least four additional benefits that can be expected with PJM’s proposal.  

First, economic load response will have improved revenue opportunities and a greater incentive to 

participate in PJM markets.  Next, new resources such as energy storage will be valued more 

                                            
50  This is consistent with the Commission’s finding that “shortage pricing … will help ensure that prices rise 

sufficiently and appropriately to allow supply to meet demand during an operating reserve shortage, and thus 
will more accurately reflect the value a resource provides” (Order No. 825 at P 163). 

51  It is critical to recognize that when PJM values the reserves beyond the MRR, the resources that provide these 
reserves become the resources that are committed and dispatched to provide energy as net-load changes.  
Operator intervention is minimized and competition among buyers and sellers is reflected in transparent 
market clearing prices as opposed to being obfuscated in uplift payments. 

52  The Commission recognized in Order No. 825 the importance of price formation for incentivizing appropriate 
market participant responses to commitment and dispatch instructions, maintaining reliable system operations 
and encouraging efficient investment in facilities and equipment (Order No. 825 at P 163). 
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efficiently by the market and existing resources will see increased value to improving flexibility.  

Third, retail suppliers and wholesale suppliers of utility default service will be able to hedge their 

costs of supply more completely as forward prices can be expected to include costs that are now 

recovered in uplift.  Finally, importers and exporters can be expected to respond more efficiently 

when supplying energy and ancillary services in PJM. 

44. Currently there is very little load that participates in PJM’s energy and ancillary 

services markets.53  However, as the electric system evolves and there are increased numbers of 

battery storage resources and growing electrification of transportation, the opportunity for 

economic load response commensurately grows and so too will the benefits of efficient wholesale 

electricity market prices.  To optimize the timing of battery charging loads on the electricity system 

requires price signals that clearly indicate those times when it is least expensive to charge.  At the 

same time, it is critical to signal to system loads those times when energy and reserves are most 

valuable as this will reward reductions in consumption that are also critical for optimizing the use 

of the underlying resource mixture.  PJM’s proposal recognizes the importance of being prepared 

to accommodate increased load responsiveness in its reserve markets and expands the opportunity 

for load to provide reserves at a level of up to 50%.54  Moreover, as the supply of new resources 

that are designed to be directly responsive to wholesale market pricing grows, the competition 

between economic load response and supply side resources can be expected to also grow.  PJM’s 

proposed pricing structure supports greater load participation in both its energy and ancillary 

services markets. 

45. PJM’s proposal will also provide a much better market design for storage resources to 

be able to realize the value for the services that they can provide to the wholesale market.  As the 

Commission recognizes, energy storage resources can provide a mixture of wholesale market 

products and can benefit significantly from PJM’s proposal.55  For example, when considering 

current battery technology, the degree to which charging and discharging cycles can occur (or 

                                            
53  McAnany, James, 2018 Demand Response Operations Report, Markets Activity Report:  March 11, 2019, 

PJM at 12, and 15-18.  PJM obtains load response primarily from demand response resources that receive 
capacity payments.  These resources typically make energy offers at very high prices indicative of primarily 
obtaining value through capacity payments (2018 Demand Response Operations Report at Figure 9). 

54  PJM Filing at 96. 
55  Electric Storage Participation in Markets Operated by Regional Transmission Organizations and Independent 

System Operators, 162 FERC ¶ 61,127, (2018), Order No. 841, at P 4. 
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overall throughput maximized) is limited by degradation which shortens battery cell life.  

However, with synchronized reserve prices that reflect the value that energy storage resources 

provide, revenues can be increased during those times when the energy storage system state of 

charge allows.56  With PJM’s proposal energy storage resource’s energy and synchronized reserves 

would be valued appropriately and recognize the flexibility that these resources have to respond 

to system requirements.  The revenues available from reserve markets can be an important revenue 

stream for energy storage resources. 

46. PJM’s proposal can be expected to reduce uplift, which improves price transparency 

and allows these costs to be hedged reducing retail supplier pricing uncertainty.  Moreover, 

establishing a $2000/MWh penalty factor price will provide a strong incentive for load to 

participate in the day-ahead market.  Physical load hedging in the day-ahead market can be 

expected to reduce exposure to potential real-time energy and reserve shortage prices.57  It is likely 

that very little energy and reserves will transact at shortage prices, however even with only a small 

probability of very high prices, buyers will exercise care and take those actions deemed appropriate 

for managing the cost associated with a possible shortage. 

47. PJM’s proposal can also be expected to benefit importers and exporters as more 

efficient pricing can guide better decision making on when to import and/or export to and from 

PJM.  Improved price signals will appropriately signal the economic value to external sellers 

offering imports that can compete against more costly PJM internal resources.  At the same time, 

when it is economical for PJM’s internal resources to export power to adjacent regions improved 

price signals can be expected to result in more efficient PJM market seller decisions.  However, 

because PJM’s current reserve markets often show little or no value for the provision of reserves, 

it can be the case that energy is exported when it may be of more value if it remained within PJM 

and imports may be deterred when PJM would benefit from the additional supply.58  PJM’s 

                                            
56  This assumes an energy storage system that is optimized to provide capacity, energy and reserves. 
57  To the extent that physical load does not hedge now, it can be the case that virtual trading would account for 

underbid load. 
58  The extent to which imports and exports are currently economic depends on a number of considerations and 

the discussion here does not take into account the specific requirements that can influence import and export 
transactions.  Regardless, more efficient energy and reserve market pricing can be expected to result in more 
cost-effective import/export decision making at the margin. 
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proposal will provide more efficient price signals which can be expected to improve import/export 

decisions and enhance market competitiveness. 

B. Projections of the Future Impact of PJM’s Proposal on Energy and Operating 
Reserve Market Prices Cannot Capture all the Benefits of PJM’s Proposal 

48. PJM’s Filing includes an analysis that projects the potential cost impact of PJM’s 

proposal on wholesale load using data from 2018.59  However, as PJM acknowledges,60 its analysis 

can only provide a narrow examination of short-term market impacts based on the available 

historical bid and offer data without capturing the longer-term dynamic efficiency gains in social 

welfare that are expected to result given the improvement in commitment and dispatch.61  While 

quantification of longer-term benefits is difficult absent accurate projections of underlying 

resource mixture changes and buyer and seller market bid and offer strategies, the longer-term 

dynamic efficiency impacts cannot be ignored.  As such, the results of PJM’s analysis can only be 

viewed in the limited context of the data available and don’t represent a full analysis of the societal 

costs and benefits.62 

49. As the Commission has recognized, focusing solely on the potential changes in market 

prices does not capture the benefits that result when “more accurate prices better inform investment 

decisions and increase overall market efficiency.”63  While PJM’s analysis appropriately seeks to 

isolate the impact of its proposed ORDCs by acknowledging the important improvements in day-

ahead schedules that will result with an appropriate representation of day-ahead reserve 

requirements in its day-ahead market (i.e., including a ten-minute reserve requirement), it cannot 

capture the total change in social welfare over time.64  Supplier and load responses to the proposed 

market design over time can be expected to drive costs lower and increase overall welfare. 

                                            
59  Keech Affidavit at Section D. 
60  Keech Affidavit at PPs 38 and 46. 
61  Dynamic efficiency is concerned with the productive efficiency and innovation of firms over the longer-term. 
62  PJM’s ORDC impact analysis (Case B relative to Case C) primarily captures a transfer of market surplus from 

consumers to suppliers (Keech Affidavit at Table 5.). 
63  PJM Interconnection, L.L.C., 167 FERC ¶ 61,058 (2019) at P 72. 
64  PJM’s IMM alleges that PJM’s definition of “Case B” is inappropriate because it allows the Perfect Dispatch 

software to estimate day-ahead market commitments (by allowing the re-optimization of the commitment of 
steam units knowing the actual real-time requirements) that would be aligned with the reserve products 
proposed by PJM in its Filing (Monitoring Analytics, The Independent Market Monitor for PJM, ORDC 
Simulation Results: Version 2, May 10, 2019 at 2).  However, contrary to the IMM’s argument that this is a 
“departure from reality,” it is clearly inappropriate to assume that the introduction of reserve requirements in 
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50. For example, as described in III.A., more efficient energy and operating reserve prices 

can be expected to bring forth market participant responses that appropriately value resource 

flexibility and provide incentives that reward both new and existing resources.  At the same time, 

market participants that directly face operating reserve costs can be expected to take actions to 

reduce or hedge the financial impact.65  These longer-term responses can be expected to increase 

competition in the provision of reserves and lower costs to consumers, offsetting prices increases 

that may result in the short-run.66 

51. In addition, PJM’s analysis does not consider the incremental improvement in 

reliability that will result from better reserve resource availability and performance.  Assuming 

hypothetically that operators did not regularly intervene in the markets, Mr. Pilong shows that 

there would be a substantially increased frequency in synchronized reserves falling below the 

MRR.67  This would result in an increased likelihood of emergency actions that could result in 

PJM taking actions to interrupt load.  Under PJM’s proposal the improved definition and valuation 

of reserves will provide operators with a level of reserves that is consistent with expected system 

operational requirements and ensure reliable operations and prices that reflect the value of these 

reserves. 

52. Finally, over time PJM’s capacity market pricing will decline, all else equal, relative to 

outcomes that what would have resulted in the absence of PJM’s proposal.  PJM’s capacity market 

design purposefully results in prescribed offer and cost of new entry estimate adjustments as 

operating margins realized by resources in the energy and ancillary services markets change.  At 

the same time, the mixture of capacity resources can be expected to evolve such that more flexible 

resources will be more competitive.  To the extent that resources cannot meet the new reserve 

                                            
the day-ahead market that mirror the real-time market would not result in an improved unit commitment such 
that a comparison of PJM’s Case A to Case C is wholly inappropriate. 

65  Large loads could hedge against these reserve costs by entering into agreements with storage resources that 
provide for a means to hedge and self-provide these services. 

66  It is also important to note that PJM’s historical analysis appears to hold imports and exports constant, and 
these would change in the short-run, especially to the extent that exports realize greater value by remaining 
within PJM’s region. 

67  Pilong Affidavit at P 16 and Table 1. 
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obligations under PJM’s proposal, they will be subject to financial penalties and would eventually 

be under pressure to retire.68  This evolution will be beneficial to PJM’s consumers. 

C. PJM’s Proposal is a Reasonable Approach to Address Future Operational 
Uncertainty 

53. Absent the proposed package of operating reserve market changes PJM would need to 

implement other market design changes to eliminate load biasing and be prepared for an increasing 

supply of intermittent resources.69  To date there is limited experience when relying on newly 

designed market mechanisms to incorporate operational uncertainty into the marketplace.  Because 

system regulation service represents the first response available to system operators to meet 

uncertain net-load, regulation can respond to a certain amount of net-load uncertainty.  However, 

regulation service is designed to meet very precise variations in system frequency and system 

operators carry only the limited amount necessary to meet the area control error frequency response 

requirements.  To respond to growing net-load variations ISOs have elected to implement (or are 

considering) ramping products, and in the case of California, sought to introduce ramping 

requirements into capacity resource requirements.  While these are approaches that can likely 

account for uncertainty and value resource flexibility, to date there is little evidence that either of 

these market design approaches are performing effectively. 

54. The experience to date with ramping products indicates that proper implementation 

requires careful attention to the details, and that the product design must account for locational 

ramping needs.70  A ramp capability product requires a pricing design, the establishment of a target 

ramp requirement (which experience to date indicates should be locational), and a penalty price.  

The ramp requirement is an additional constraint in the market optimization that reserves ramping 

capability to account for future net-load uncertainty.  When the ramping requirement constraint 

                                            
68  The impact of non-performance may also contribute to capacity performance penalties which result in 

additional financial burdens on poorly performing resources. 
69  It is important to note that while the Commission’s recent order on PJM’s fast-start resource pricing is expected 

to improve price formation (PJM Interconnection, L.L.C., 167 FERC ¶ 61,058 (2019)), PJM’s enhanced 
reserve markets filing focuses on distinct problems associated with PJM’s reserve market design and the 
accommodation of a growing supply of intermittent resources that need to be addressed separately. 

70   For an overview of ramping product performance, see Joseph Cavicchi and Scott Harvey, Performance of 
Ramp Capability Dispatch in the California ISO and MISO Electricity Markets, Monterey, California, Center 
for Research in Regulated Industries, 31st Annual Western Conference, June 29, 2018, available at: 
https://drive.google.com/drive/folders/0B7EOIMImYPaNbHZ4SFI1Wlh4Tlk 
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signals the need for additional ramp capability, a positive price results, up to the penalty price.  

The MISO and the California ISO each introduced a ramp capability product in 2016 and the 

experience thus far has been indeterminate. 

55. In the case of the MISO, there was an extended period prior to the introduction of the ramp 

capability dispatch where MISO carefully analyzed the impact of introducing a ramp capability 

constraint prior to its introduction.  The MISO’s implementation has gone smoothly, but thus far 

ramp capability prices have often been zero.71  While it may be the case that ramp capability is of 

little value in many dispatch intervals, there are a number of instances where prices are high in 

certain locations and ramp capability price is zero, which indicates that ramp capability may not 

be available in the appropriate location. 

56. The CAISO’s introduction of ramp capability dispatch in 2016 encountered some 

implementation problems.72  The most significant difficulty centered on calculating the ramp 

capability target, which for over a year was not capturing the ramp capability required in future 

dispatch intervals.73  However, both before and after the errors in the calculation of the ramp target 

were corrected on February 21, 2018, the shadow price of ramp capability was almost always zero 

in the real-time dispatch, implying that the ramp capability dispatch is still almost never impacting 

the ramp capability available in real-time.74  The California ISO has carried out analysis suggesting 

that the lack of available ramp in the dispatch despite a zero price of ramp capability is a result of 

the current design allowing the ramp target for the California ISO to be met with resources located 

in other balancing areas within the energy imbalance market that are export constrained.75  Thus, 

locational issues are also affecting the California ISO’s ramp capability dispatch implementation. 

                                            
71  Id. 
72  In the CAISO, there was also a several year period prior to the introduction of the ramp capability dispatch 

where CAISO had incorporated a “flexiramp” constraint in its real-time pre-dispatch that sought to account 
for upward ramping capability that may be needed in future intervals (See California ISO October 7, 2011 
filing in Commission Docket ER12-50).  The CAISO changed to ramp capability dispatch in late 2016 in order 
to introduce a more robust ramp capability product. 

73  California ISO, Department of Market Monitoring, “Flexible Ramping Product Uncertainty Calculation and 
Implementation Issues, April 18, 2018; California ISO, Market Performance and Planning Forum, February 
20, 2018; and Amber Motley, California ISO, “Flexible ramping product requirement and load forecast 
discussion,” Market Surveillance Committee meeting, June 7, 2018. 

74  Ibid.  Cavicchi and Harvey at 15-16. 
75  See, Lin Xu, California ISO, “Discussion on flexible ramping product,” Market Surveillance Committee 

meeting, September 8, 2017, and California ISO, Market Planning and Performance Forum, October 5, 2017. 
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57. Next, in the state of California, the California ISO and California Public Utilities

Commission (CPUC) have sought to define flexible capacity attributes as part of the resource

adequacy process.  However, they have encountered difficulty in defining attributes for flexible

capacity and establishing appropriate “counting rules,” have suspended the related stakeholder

process, and are now focused on day-ahead market design initiatives that would incorporate

flexibility requirements in the day-ahead market.76  Thus, while the CPUC does require its resource

adequacy process to ensure sufficient ramping capability, the ongoing efforts of the California ISO

to modify its market design to compensate for resource ramping flexibility demonstrate continued

concerns that do not appear to be fully resolved through the state’s resource adequacy process.

58. Finally, refining reserve requirements and providing compensation for reserves beyond

MRRs, as PJM proposes in its filing, is another approach to accommodate net-load uncertainty.

PJM’s proposal:  (i) defines and values reserve products that are expected to provide essentially

the same service as a specific ramping product (i.e., provide resource flexibility responsive to net-

load uncertainty); (ii) can be readily implemented as it represents a completed market design that

can replace the current unjust, unreasonable and unduly discriminatory reserves pricing

mechanisms; and, (iii) complements responses that other ISOs may adopt to accommodate

increased intermittent resources recognizing a one-size fits all approach is not necessary.  By

building upon current market design features PJM can readily implement a proven market design

that will ensure reserves are available to reliably accommodate increasing amounts of intermittent

resources.

IV. PJM’S MARKET DESIGN MUST EVOLVE ALONG SIDE ITS
SHIFTING SUPPLY MIXTURE

59. As is widely recognized, PJM’s supply resource mixture will become more and more

reliant on intermittent resources in the coming years.77  PJM’s proposal, however, can be expected

to accommodate increased growth in intermittent resources and ensure efficient spot market energy

76  See, for example, California ISO, “Flexible Resource Adequacy Criteria and Must Offer Obligation – Phase 2, 
Second Revised Flexible Capacity Framework,” April 27, 2018 section 5.4.3 and Appendix A at 39-40; 
California ISO, “Flexible Resource Adequacy Criteria and Most Offer Obligation Working Group Meeting,” 
September 26, 2017, California ISO, “Fracmoo2 Working Group,” August 2, 2017, and California ISO, 
“Flexible Resource Adequacy  Criteria and Must Offer Obligation – Phase 2 Supplemental Issue Paper: 
Expanding the Scope of the Initiative,” November 8, 2016.  See also:  
http://www.caiso.com/informed/Pages/StakeholderProcesses/Day-AheadMarketEnhancements.aspx 

77  Keech Affidavit at PP 47-48 and Emma Nicholson White Paper submitted in this docket at Section III. 
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and reserves price formation.  Ensuring that spot market prices are responsive to increased net-

load uncertainty is critical to bring forth innovative market driven responses and to provide 

existing resources opportunities to invest in, and maintain and operate resources, that are flexible 

sources of energy supply. 

60. PJM values this supply flexibility through energy and ancillary services spot market prices.  

While the capacity market performance framework addresses infrequent instances of performance 

assessment hours among actual capacity suppliers, the need for resource flexibility occurs intra-

hour and its value is not directly captured in the capacity market (although flexible resources 

should be more competitive in the capacity market auctions).  By signaling the value of flexibility 

in the energy and reserve markets any of a number of capable resources can respond to the 

requirements under PJM’s proposed market design changes.  This provides a platform for 

innovation such as the ongoing evolution with energy storage resources and the increased 

likelihood for growing load responsiveness.  It will also more efficiently compensate conventional 

resources that are already being relied upon to provide flexibility. 

61. Providing compensation for the provision of these reserve services in the energy and 

reserves markets will signal to resources that there is value in cost-effectively providing these 

services.  In other words, relative to the current framework where a large amount of these reserves 

is not compensated, resources will be compensated, and subject to performance obligations.  This 

will provide an incentive to improve the provision of these services and create more robust 

competition to provide these services. 

62. Moreover, to the extent that some resources may have seen operating reserves of limited 

financial relevance in the past, the ongoing increase in intermittent resources will make revenues 

available for the provision of these resources more critical.  The growth in intermittent resources 

decreases the financial viability of resources that continue to be needed to maintain reliable 

operations of the electricity system as these resources’ production declines and system energy 

prices are pushed downward.78  

                                            
78  This impact has been observed primarily in California (See, Bushnell, J. and Novan, K., Setting With The 

Sun:  The Impacts of Renewable Energy on Wholesale Power Markets, Energy Institute at Hass, Energy 
Institute WP 292, August 2018), however these same impacts have been projected for both New England and 
New York as a result of intermittent resource growth (See DeSocio, M., Market Implications of Significant 
Renewable Penetration, New York ISO, November 3, 2017 and ISO New England, 2016 Economic Study: 
NEPOOL Scenario Analysis, Implications of Public Policies on ISO New England Market Design, System 
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63. As the electricity system resource supply mixture evolves electricity market designs must 

also evolve when necessary.  PJM is fortunate to enjoy the benefits associated with numerous new, 

low variable cost, gas-fired resources that have been constructed to replace aging and uneconomic 

resources.  PJM’s proposal recognizes the importance of efficiently pricing resource flexibility, 

which is relevant for both existing and new resources.  While there is an expectation that spot 

market prices will rise modestly in the short-run in association with PJM’s proposal (all else equal), 

maintaining reliability in the future while supporting innovation is essential.  Increasingly nearly 

zero marginal cost resources and the increased likelihood of declining real-time price volatility 

will fundamentally change electric spot market pricing patterns making it critical to signal when 

and where flexibility is most needed. 

64. This concludes my affidavit. 

                                            
Reliability and Operability, Resource Costs and Revenues, and Emissions, November 17, 2017 at Figures 6-
1 and 6-2 and Tables 6-6 and 6-7) 
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	o raising the Reserve Penalty Factor to $ 2,000/MWh, to recognize that sellers could have legitimate opportunity costs up to that level during shortage conditions from foregoing energy market sales (or load reductions) in order to commit as reserves.28F
	30. PJM’s proposed changes eliminate the inefficiencies described in Section II herein.  First, the Tier 1/Tier 2 synchronized reserve product structure and pricing is clearly failing and consolidating these two tiers into a single synchronized reserv...
	1. Tier 1/Tier 2 Consolidation and Day-Ahead/Real-Time Reserve Market Alignment
	31. PJM’s proposal to eliminate its discriminatory synchronized reserve products and introduce companion reserve markets in the day-ahead for synchronized and non-synchronized reserves and in real-time for secondary reserves will vastly improve PJM’s ...
	32. As PJM explains in its filing, reserve resources’ synchronized reserve performance is not surprisingly lacking.29F   Without a financially binding day-ahead market for reserves, the synchronized reserve penalty is the only means available for PJM ...
	33. The introduction of day-ahead markets for synchronized and non-synchronized reserves will improve PJM’s market efficiency by aligning the procurement of reserves in the day-ahead market with the reserves currently procured in the real-time market....
	34. Similarly, the introduction of a secondary reserve real-time market provides alignment with the secondary reserves that will now be procured in the day-ahead market under PJM’s proposal and also improves PJM’s overall market efficiency.  Secondary...

	2. ORDC Definition
	35. The shape of PJM’s proposed ORDCs is derived based on the uncertainties that underlie its forecasting processes, generator availability and net-interchange (imports minus exports).39F   As explained in Section II, these uncertainties currently res...
	36. Basing the ORDC’s derivation on actual PJM system operational conditions provides a demonstrated linkage to the uncertainties that PJM faces to maintain reliability day-to-day.  A key innovation that PJM’s proposed ORDCs introduce is the measureme...
	37. The proposed ORDC shapes will vary diurnally and seasonally to ensure that the different system operating conditions that PJM faces throughout the year are captured accurately.43F   In total PJM identifies 24 time periods with ORDCs for each reser...
	38. Anchoring the ORDC’s penalty factor at the MRR is consistent with the value of PJM’s proposed penalty factor which represents the lowest cost at which PJM will incur costs to maintain reserves.45F   PJM’s objective to avoid instances where reserve...
	39. PJM’s proposed ORDCs will not be static and will be updated annually to reflect the evolution of PJM’s system and the tools available to its operators to forecast load and intermittent resource output.47F   To the extent that PJM’s resources perfo...
	40. The derivation of the proposed ORDCs will result in the procurement of additional secondary reserves relative to the DASR currently scheduled by PJM.  As Mr. Pilong notes, an increase in the availability of secondary reserves can be expected to he...
	41. Finally, an important underlying feature of the ORDC design is that it allows prices to rise as a result of a reserve shortage without relying on resource energy market offers to set prices.  Moreover, in the absence of an ORDC, energy market scar...

	3. Additional Benefits Associated with PJM’s Proposal
	42. Greater efficiency in day-ahead and real-time energy and ancillary services prices provides additional important benefits to PJM.  Not only will the mixture of resources committed and dispatched day-to-day be more efficient, the resulting energy a...
	43. There are at least four additional benefits that can be expected with PJM’s proposal.  First, economic load response will have improved revenue opportunities and a greater incentive to participate in PJM markets.  Next, new resources such as energ...
	44. Currently there is very little load that participates in PJM’s energy and ancillary services markets.52F   However, as the electric system evolves and there are increased numbers of battery storage resources and growing electrification of transpor...
	45. PJM’s proposal will also provide a much better market design for storage resources to be able to realize the value for the services that they can provide to the wholesale market.  As the Commission recognizes, energy storage resources can provide ...
	46. PJM’s proposal can be expected to reduce uplift, which improves price transparency and allows these costs to be hedged reducing retail supplier pricing uncertainty.  Moreover, establishing a $2000/MWh penalty factor price will provide a strong inc...
	47. PJM’s proposal can also be expected to benefit importers and exporters as more efficient pricing can guide better decision making on when to import and/or export to and from PJM.  Improved price signals will appropriately signal the economic value...


	B. Projections of the Future Impact of PJM’s Proposal on Energy and Operating Reserve Market Prices Cannot Capture all the Benefits of PJM’s Proposal
	48. PJM’s Filing includes an analysis that projects the potential cost impact of PJM’s proposal on wholesale load using data from 2018.58F   However, as PJM acknowledges,59F  its analysis can only provide a narrow examination of short-term market impa...
	49. As the Commission has recognized, focusing solely on the potential changes in market prices does not capture the benefits that result when “more accurate prices better inform investment decisions and increase overall market efficiency.”62F   While...
	50. For example, as described in III.A., more efficient energy and operating reserve prices can be expected to bring forth market participant responses that appropriately value resource flexibility and provide incentives that reward both new and exist...
	51. In addition, PJM’s analysis does not consider the incremental improvement in reliability that will result from better reserve resource availability and performance.  Assuming hypothetically that operators did not regularly intervene in the markets...
	52. Finally, over time PJM’s capacity market pricing will decline, all else equal, relative to outcomes that what would have resulted in the absence of PJM’s proposal.  PJM’s capacity market design purposefully results in prescribed offer and cost of ...

	C. PJM’s Proposal is a Reasonable Approach to Address Future Operational Uncertainty
	53. Absent the proposed package of operating reserve market changes PJM would need to implement other market design changes to eliminate load biasing and be prepared for an increasing supply of intermittent resources.68F   To date there is limited exp...
	54. The experience to date with ramping products indicates that proper implementation requires careful attention to the details, and that the product design must account for locational ramping needs.69F   A ramp capability product requires a pricing d...
	55. In the case of the MISO, there was an extended period prior to the introduction of the ramp capability dispatch where MISO carefully analyzed the impact of introducing a ramp capability constraint prior to its introduction.  The MISO’s implementat...
	56. The CAISO’s introduction of ramp capability dispatch in 2016 encountered some implementation problems.71F   The most significant difficulty centered on calculating the ramp capability target, which for over a year was not capturing the ramp capabi...
	57. Next, in the state of California, the California ISO and California Public Utilities Commission (CPUC) have sought to define flexible capacity attributes as part of the resource adequacy process.  However, they have encountered difficulty in defin...
	58. Finally, refining reserve requirements and providing compensation for reserves beyond MRRs, as PJM proposes in its filing, is another approach to accommodate net-load uncertainty.  PJM’s proposal:  (i) defines and values reserve products that are ...


	IV. pjm’s market design must evolve along side its shifting supply mixture
	59. As is widely recognized, PJM’s supply resource mixture will become more and more reliant on intermittent resources in the coming years.76F   PJM’s proposal, however, can be expected to accommodate increased growth in intermittent resources and ens...
	60. PJM values this supply flexibility through energy and ancillary services spot market prices.  While the capacity market performance framework addresses infrequent instances of performance assessment hours among actual capacity suppliers, the need ...
	61. Providing compensation for the provision of these reserve services in the energy and reserves markets will signal to resources that there is value in cost-effectively providing these services.  In other words, relative to the current framework whe...
	62. Moreover, to the extent that some resources may have seen operating reserves of limited financial relevance in the past, the ongoing increase in intermittent resources will make revenues available for the provision of these resources more critical...
	63. As the electricity system resource supply mixture evolves electricity market designs must also evolve when necessary.  PJM is fortunate to enjoy the benefits associated with numerous new, low variable cost, gas-fired resources that have been const...
	64. This concludes my affidavit.
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