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Market Monitoring Unit
• Monitoring Analytics, LLC

• Independent company
• Formed August 1, 2008

• Independent Market Monitor for PJM
• Independent from Market Participants
• Independent from RTO management
• Independent from RTO board of managers

• MMU Accountability
• To FERC (per FERC MMU Orders and MM Plan)
• To PJM markets
• To PJM Board for administration of the contract
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Role of Market Monitoring
• Market monitoring is required by FERC Orders
• Role of competition under FERC regulation

• Mechanism to regulate prices
• Competitive outcome = just and reasonable

• FERC has enforcement authority
• Relevant model of competition is not laissez faire
• Competitive outcomes are not automatic
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Role of Market Monitoring
• Detailed rules required
• Detailed monitoring required:

• Of participants
• Of RTO
• Of rules

• Market monitoring is primarily analytical
• Adequacy of market rules
• Compliance with market rules
• Exercise of market power
• Market manipulation
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Role of Market Monitoring
• Market monitoring provides inputs to prospective 

mitigation
• Market monitoring provides retrospective mitigation
• Market monitoring provides information

• To FERC
• To state regulators
• To market participants
• To RTO
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Market Monitoring Plan
• Monitor compliance with rules

• Monitor the potential of market participants to exercise 
market power

• Monitor for market manipulation
• Recommend changes to rules

• Monitor actual or potential design flaws in rules
• Monitor structural problems in the PJM market

• Report on market issues
• State of the market reports
• Other reports
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PJM
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Total price of wholesale power
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PJM summary statistics
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The energy market results were competitive
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RT monthly and yearly load-weighted average LMP
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Real-time load-weighted average LMP
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RT load-weighted average LMP
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Components of RT load-weighted average LMP
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Energy market price increase
• The real-time load-weighted average LMP in 2022 

increased 101.4 percent from the first nine months of 
2021, from $39.78 per MWh to $80.14 per MWh. 

• This is the highest average PJM price ($80.14 per 
MWh), the highest price increase ($40.36 per MWh) 
and the highest percent price increase (101.4 percent) 
for a year since the creation of PJM markets in 1999. 
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Components of Increase in real-time load-
weighted average LMP: 2022
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Components of LMP increase
• $40.36 per MWh increase in the real-time load weighted average 

LMP
• $22.82 per MWh (56.6 percent) was an increase in the fuel and 

consumables cost components of LMP
• $3.71 per MWh (9.2 percent) was an increase in the emissions 

cost components of LMP
• $4.83 per MWh (12.0 percent) was an increase in the sum of the 

markup, maintenance, and ten percent adder components of LMP
• $4.83 per MWh (12.0 percent) was an increase in the scarcity 

component of LMP
• $1.31 per MWh (3.2 percent) was an increase in the transmission 

constraint penalty factor component of LMP
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Recommendations: Energy Market
• The day-ahead energy market must offer requirement 

equal to ICAP for capacity resources should be enforced.
• Fuel cost policies should be verifiable and enforceable. All 

resources should be required to follow their fuel cost 
policies at all times.

• The loopholes in offer capping implementation should be 
closed.

• Virtual bidding should be eliminated at nodes that 
aggregate only small portions of the transmission system.
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Recommendations: Energy Market
• Major maintenance should not be included in cost-based offers
• PJM should not reduce line ratings in SCED to trigger 

transmission constraint penalty factor.
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Real-time daily load: 2021 and 2022  
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RT load and load plus exports
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Generation by fuel source
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Real-time hourly average load
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RT generation less RT load
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Average short run marginal costs
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Type of fuel used by real-time marginal units
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Pivotal suppliers: day-ahead energy market
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Marginal units with markup and local market power
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UTC cleared bids
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Total congestion costs
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Average tier 1 REC price by jurisdiction

©2023 www.monitoringanalytics.com 31



Renewable energy credits (RECs)
• There should be a single PJM operated forward 

market for RECs, for a single product based on a 
common set of state definitions of renewable 
technologies, with a single clearing price, trued up to 
real time delivery.

• Only if states agree.
• Cleared separately from PJM energy market and PJM 

capacity market.
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The capacity market results were competitive
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Capacity market issues
• Capacity performance design
• Market seller offer cap
• Forward looking energy net revenue offset
• VRR curve shape and location
• Definition of capacity
• Intermittent capacity definition: ELCC
• DR/EE
• MOPR
• Reserve margin
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Installed capacity by fuel source
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History of capacity prices
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Map of RPM capacity prices
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2023/2024 RPM BRA: RPM revenue impacts
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2023/2024 RPM BRA: RPM cleared UCAP MW impacts
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Reserve margin: 2023/2024 RPM BRA
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RPM reserve margin: June 1, 2018, to June 1, 2023
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Reserve margin
• Total reserves: 24,792.3 MW
• Required reserves: 16,957.0
• Excess reserves: 7,835.3
• Cleared DR: 8,203.3 MW

• 104.7 percent of excess reserves
• Cleared capacity with no must offer requirement: 7,534.3 MW

• 96.2 percent of excess reserves
• Sum of DR and no must offer: 15,737.6 MW

• 92.8 percent of required reserves
• 63.5 percent of total reserves

• Total capacity with no must offer requirement: 17,037.1 MW
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Reliability and Markets: Issues
• Apparent excess reserves are not robust

• Coal retirements (environmental/not economics)
• Uncertainty about new capacity: renewables and gas

• Solution is to focus on reinforcing the fundamentals of the 
capacity market: reliable price signals
• Aggregate
• Locational

• Solution is not one off tweaks to capacity market parameters
• Solution is not to weaken market power mitigation rules 

(PJM’s MSOC proposal weakens mitigation).
• Prices were not too low in 2023/2024 BRA.
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Capacity market basics
• The capacity market is a competitive mechanism 

that exists to make the energy market work.
• What are the essential, realistic, implementable 

elements of a capacity market design?
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Reliability and Markets: Issues
• Correcting/defining the role/obligations of demand 

response resources is key to a workable capacity market.
• Should look like any other supply side resource.
• Economic resource. Not emergency resource.
• Must offer in energy market. 
• Offer caps and same rules for all offers.
• Must be available.

• Potential issues for PJM system control and markets if 
DER follows the demand response model.

• Role/obligations of energy efficiency (EE) resources.
• EE should not be part of capacity market per PJM rules.
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Fuel Diversity Index for installed capacity
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Effective capacity in interconnection queues
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Proportion of units recovering avoidable costs
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New entrant CT net revenue and total cost by LDA
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New entrant CC net revenue and total cost by LDA
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New entrant CP net revenue and total cost by LDA
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New entrant nuclear plant net revenue and total 
cost by LDA
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Nuclear unit surplus (shortfall)
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Nuclear unit forward annual surplus (shortfall) 
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Units at risk of retirement 
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Historical retirements and expected retirements
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Units at risk of retirement: 50 percent of ACR
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Gas pipeline capacity for replacement capacity 
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Map of unit retirements: 2011 through 2026
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Recommendations: Planning
• Modify the transmission project proposal templates to 

include data necessary to perform a detailed project 
lifetime financial analysis.

• All PJM transmission owners should use the same line 
rating method and implement dynamic line ratings (DLR), 
subject to NERC standards and guidelines, subject to 
review by NERC, PJM and the MMU, and approval by FERC.

• The market efficiency process should be eliminated. If 
retained, the cost/benefit calculation for economic projects 
needs to be corrected.

• MMU comments on transmission planning NOPR
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Recommendations: Energy Market Uplift
• PJM should ensure that units not following dispatch 

are not paid uplift.
• CTs should not be defined to be always following 

dispatch.
• Flexible operating parameters should be required as a 

condition for receiving uplift.
• Uplift should not be paid to units backed down for 

reliability because there is no lost opportunity.
• Uplift should not be paid to units based on a fuel they 

are not burning.
• Uplift should not be paid to units on outage.
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Monthly energy uplift charges
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Total energy uplift credits by unit type
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PJM’s footprint and its external scheduling 
interfaces 
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Scheduled import and export transaction 
volume history 
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The regulation market results were not 
competitive
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The synchronized reserve market results were 
competitive: October through December, 2022
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The 30 minute reserve market results were 
competitive: October through December, 2022
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Adopted Recommendations: Reserve Markets
• Removal of $7.50 per MWh margin and variable 

operations and maintenance costs for synchronized 
reserve offers.

• Removal of tier 1 reserve payment triggered by a 
nonzero nonsynchronized reserve price.

• Enforcement of a synchronized reserve must offer 
requirement.

• Removal of DGP adjustment to reserve clearing.
• Termination of VACAR reserve sharing agreement
• Real-time obligation for day-ahead 30 minute reserves
• Opportunity cost basis for 30 minute reserve offers
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Primary reserve MW by source
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Recommendations: Ancillary Services
• The regulation market should be modified to incorporate a 

consistent application of the marginal benefit factor (MBF) 
throughout the optimization, assignment and settlement 
process.

• LOC should be based on actual unit ramp rates. Current 
LOC overstated significantly.

• Separate cost of service payments for reactive capability 
should be eliminated and the cost of reactive capability 
recovered in the capacity market.

• New CRF rates for black start units, incorporating current 
tax code changes, should be implemented immediately for 
all black start units.
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The FTR/ARR markets results were partially 
competitive
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Recommendations: FTR/ARR
• Rights to all congestion revenues should be assigned 

to load.
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Total congestion offset for load
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Zonal ARR/FTR total congestion offset
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Offset available to load if all ARRs self scheduled
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FTR profits and revenues by organization type 
and FTR direction: 2022/2023: June through 

December
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Winter Storm Elliott
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Load, Area Control Error, and LMP: December 
23 and 24, 2022  
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December 23, 2022 outages 
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December 24, 2022 outages  
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December 23, 1600 EPT through December 24, 
2200 EPT unit performance  
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Components of real-time dispatch run load-weighted 
average LMP: December 23  
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Components of real-time pricing run load-weighted 
average LMP: December 23  

©2023 www.monitoringanalytics.com 85



Components of real-time dispatch run load-weighted 
average LMP: December 24  

©2023 www.monitoringanalytics.com 86



Components of real-time pricing run load-weighted 
average LMP: December 24   
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Monitoring Analytics, LLC
2621 Van Buren Avenue

Suite 160
Eagleville, PA 

19403
(610) 271-8050

MA@monitoringanalytics.com
www.MonitoringAnalytics.com
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