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UPCOMING TRAINING

Half-day, Morning Sessions

• Sept. 17:  Fundamentals of Power System Optimization

• Dec. 2:  Introduction to the Electricity Sector
• Dec. 3:  Power System Fundamentals
• Dec. 9:  Electricity Markets
• Dec. 10: Regulatory and Business Context

• Dec. 2: Trump Electricity Policy Update, 2 pm
• Dec. 9: Quiz Bowl, 4 pm
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Training schedule and slides available at 
https://www.independentelectricityconsultants.com/training-presentations 

Virtual only

Gatineau & Virtual

https://www.independentelectricityconsultants.com/training-presentations
https://www.independentelectricityconsultants.com/training-presentations
https://www.independentelectricityconsultants.com/training-presentations
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QUIZ BOWL – TUESDAY, DECEMBER 9, 4 PM, GATINEAU

Rules:

• Teams of 1-4 people (at least 1 person in 
Gatineau)

• Two Rounds

• Round 1 based upon “In-depth Intro to 
Electricity Markets”

• Round 2 based upon other short 
courses on transmission planning, 
capacity markets, optimization, and 
market power

• Each round approximately 15 questions, 
about 20 minutes

• Winning team gets a firm handshake and 
maybe an inexpensive trophy

© Frank A. Felder, Ph.D. 4

Send an email to

frankafelder@independentelectricity
consultants.com

If you are interested in forming a 
team and participating

mailto:frankafelder@independentelectricityconsultants.com
mailto:frankafelder@independentelectricityconsultants.com
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MAJOR THEMES 

Capacity markets are an important 
source of revenue in U.S. RTO/ISO 
markets (except ERCOT)

The analytical basis for capacity 
markets – resource adequacy – is 
being re-evaluated due to extreme 
weather, variable renewables, and 
energy storage

As a a result, capacity market 
reforms are being considered that 
may substantially affect revenues

KEY CONCEPTS

Resource Adequacy

Monte Carlo Simulation

Capacity Accreditation

Capacity Market Mechanics

RTO/ISO Capacity Market Design 
Choices

Independent and dependent 
generation failures

Effective Load Carrying Capability

© Frank A. Felder, Ph.D. 5
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TABLE OF CONTENTS

Resource Adequacy (RA): Definition, Loss of Load 
Expectation (LOLE), Loss of Load Probability 
(LOLP), Expected Unserved Energy (EUE), 
Failures, CCF, Monte Carlo, Design Basis/1 time in 
10 years, Capacity Margins, Reserve Margins

RA modeling: Effective Load Carrying Capability 
(ELCC), Weather, Correlated Failures, Capacity 
Accreditation, RE/Hydro

Prices and Units

Design Choices: Forward Market, Yearly vs. 
Seasonal, Transmission Zones, Cost of New Entry 
(CONE), Demand Curve

Examples of Capacity Mechanism and Markets

Implications of Capacity Markets:  Price 
Suppression

Emerging Trends and Issues

References and Resources

© Frank A. Felder, Ph.D. 6
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SEMINAR AGENDA

9:30-9:40 Introduction, Logistics, Course 
Overview

9:40-11:00 Reliability, Resource 
Adequacy and Capacity

11:00-11:15 Break

11:15-12:00 Capacity Market 
Fundamentals

12:00-12:25 Emerging Issues with 
Capacity Markets

12:25 to 12:30 Q&A

© Frank A. Felder, Ph.D. 7

Send an email to 
frankafelder@independentelectricity
consultants.com to request a letter 
of attendance for professional 
education requirements

Ask questions or comment at 
anytime during the session and feel 
free to contact me at anytime if you 
would like more information or 
discussion.

Connect with me on LinkedIn: 
https://www.linkedin.com/in/frank-
felder-8766976/ 

mailto:frankafelder@independentelectricityconsultants.com
mailto:frankafelder@independentelectricityconsultants.com
https://www.linkedin.com/in/frank-felder-8766976/
https://www.linkedin.com/in/frank-felder-8766976/
https://www.linkedin.com/in/frank-felder-8766976/
https://www.linkedin.com/in/frank-felder-8766976/
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IN THE NEWS
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IN THE NEWS
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POWER, June 1, 2023, https://www.powermag.com/rethinking-energy-
reliability-with-modern-power-systems/

NYT

NYT

https://www.reuters.com/sustainability/boards-policy-regulation/americas-largest-
power-grid-is-struggling-meet-demand-ai-2025-07-09/
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WHY CAPACITY MARKETS ARE IN THE NEWS

© Frank A. Felder, Ph.D. 10

• Anticipated substantial increase in variable and intermittent renewable 
energy (VIRE) (or weather-dependent resources), e.g., solar PV and wind

• Planned retirements of coal power plants due to economic reasons 
(age)

• Electricity demand load growth

• Long generation-interconnection queues

• Inadequate regional and interregional transmission

• Major recent blackouts and close calls in Texas, California, PJM, 
Spain/Portugal, and elsewhere

https://www.utilitydive.com/news/pjm-interconnection-capacity-
auction-vistra-constellation/722872/
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1. Reliability, Resource Adequacy, 

and Capacity
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ENERGY VS POWER

© Frank A. Felder, Ph.D. 12

ENERGY is the amount of power delivered over time 
measured in Watt-hours (Wh) (analogous to distance 
traveled)

e.g., a 100W light bulb consumes 2,400 Wh (or 
2.4 kWh) of energy in 24 hours

POWER is the rate at which energy is used or 
supplied (analogous to speed)

• Real Power has the units of watts and 
measures the strength of a supply source

• Reactive Power, measured in vars, is needed 
by wires and motors to enable energy 
conversion but provides no useful work

Insufficient reactive power was a contributing 
factor to the August 2003 blackout

Similar to a golfer who must hit the ball high in 
the air even though his goal is only to move the 
ball horizontally

See the FERC Staff Report (2005) 
Principles for Efficient and Reliable 
Reactive Power Supply and 
Consumption



Public

CAPACITY AND CAPACITY FACTORS

© Frank A. Felder, Ph.D. 13

• Capacity is the ability of a generation unit to produce energy

• Energy is the amount that the unit produces

• Capacity factor is the ratio of the actual energy produced over a period to the energy it 
could have produced if it ran at full capacity for the same duration

 E.g., a 100 MW unit that produces 500,000 MWh of energy has a capacity factor:
 
 500,000 MWh/[100 MW * 8760] = 0.57 = 57%
 (Note:  8760 is the number of hours in a non-leap-year year)

• Compare a 1,000 MW nuclear power plant with a 90% capacity factor to a 1,000 MW wind 
farm with a 30% capacity factor with 1,000 MW of PV solar with a 15% capacity factor

• At the retail level, usage is measured in kW and kWh

• At the wholesale level, usage is measured in MW an MWh
 1,000 kWh = 1 MWh  1,000 kW = 1 MW
 1,000 MWh = 1 GWh  1,000 MW = 1 GW
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NERC RELIABILITY

© Frank A. Felder, Ph.D. 14

Recall that NERC (the North America 
Electric Reliability Corporation) sets the 
reliability standards that are adopted by the 
Federal Energy Regulatory Commission (FERC)

• The bulk electric systems shall be planned and operated to avoid 
widespread cascading interruptions of electricity supply for the 
types of contingency events normally encountered on electric 
systems (i.e., more probable contingencies)

• The bulk electric systems also must demonstrate the ability of its 
bulk electric system to withstand more severe contingencies

• The frequency of having to disconnect firm load should not exceed 
one time in ten years (not an explicit NERC requirement)

http://www.nerc.com/regional/wecc.html
http://www.nerc.com/regional/mro.html
http://www.nerc.com/regional/npcc.html
http://www.nerc.com/regional/rfc.html
http://www.nerc.com/regional/spp.html
http://www.nerc.com/regional/serc.html
http://www.nerc.com/regional/ercot.html
http://www.nerc.com/regional/frcc.html
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RELIABILITY & RESILIENCY

© Frank A. Felder, Ph.D. 15

https://www.researchgate.net/publication/327950078_Design_and_operation_of_urban_
wastewater_systems_considering_reliability_risk_and_resilience/figures?lo=1

https://www.researchgate.net/publication/327950078_Design_and_operation_of_urban_wastewater_systems_considering_reliability_risk_and_resilience/figures?lo=1
https://www.researchgate.net/publication/327950078_Design_and_operation_of_urban_wastewater_systems_considering_reliability_risk_and_resilience/figures?lo=1
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BULK POWER SYSTEM RELIABILITY COMPONENTS

© Frank A. Felder, Ph.D. 16

Reliability

Resource Adequacy

Generation
Adequacy

Generation & 
Transmission 

Adequacy

Generation, 
Transmission, and 

Distribution Adequacy

Security

e.g., (N-1), N-1-1, N-2
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HISTORICAL SUMMARY OF RESOURCE ADEQUACY

© Frank A. Felder, Ph.D. 17

Hour of peak demand plus sufficient reserve margin determines the amount 
of needed total generation capacity

Total amount of capacity is determined by loss of load 
probability/expectation (LOLP/LOLE) study that simulates independent 
random generation outages that satisfies the one-time-in-ten years or one-
day-in-ten-years criteria

Capacity Margin = 

(𝑇𝑜𝑡𝑎𝑙 𝐺𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 − 𝑃𝑒𝑎𝑘 𝐿𝑜𝑎𝑑)

𝑇𝑜𝑡𝑎𝑙 𝐺𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦

Reserve Margin = 

(𝑇𝑜𝑡𝑎𝑙 𝐺𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 − 𝑃𝑒𝑎𝑘 𝐿𝑜𝑎𝑑)

𝑃𝑒𝑎𝑘 𝐿𝑜𝑎𝑑



Public

LOAD DURATION CURVE (LDC)

18© Frank A. Felder, Ph.D.
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“DUCK DIAGRAM”

© Frank A. Felder, Ph.D. 19
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“DUCK DIAGRAM” AND NET LOAD

© Frank A. Felder, Ph.D. 20

https://www.energy.gov/eere/articles/confronting-duck-curve-how-address-over-generation-solar-energy
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CAPACITY UNITS

© Frank A. Felder, Ph.D. 21

Generation capacity is measured in megawatts (MW)

Capacity prices are reported in $/(MW-Day) or $/(kW-Year) or $/(kW-Month)

1 $/MW-Day *(365 Days/Year)*(1 MW/1000 kW) = 0.365 $/(kW-Year)

Recall that the units for energy are MWh or kWh and prices are $/MWh or 
$/kWh



Public

RECENT PJM CAPACITY RESULTS

© Frank A. Felder, Ph.D. 22

Prices are
in $/MW-day

https://www.rtoinsider.com/84356-pjm-capacity-prices-spike-2025-26-auction/



Public

RESOURCE ADEQUACY PROCESS & ENERGY 
ADEQUACY

© Frank A. Felder, Ph.D. 23

https://live-etabiblio.pantheonsite.io/sites/default/files/ra_project_-_final.pdf

Energy adequacy is ensuring that there is enough energy to meet demand over 
a given (generally a long) time and accounting for random variations in fuel 
availability and variable renewable energy production.

https://live-etabiblio.pantheonsite.io/sites/default/files/ra_project_-_final.pdf
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RESOURCE ADEQUACY MODELING 
(ONTARIO IESO)

© Frank A. Felder, Ph.D. 24

https://www.ieso.ca/-/media/Files/IESO/Document-Library/planning-forecasts/apo/Mar2024/Resource-Adequacy-and-Energy-Assessment-Methodology.pdf
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https://live-
etabiblio.pantheonsite.io/sites/defa
ult/files/ra_project_-_final.pdf

Resource Adequacy Models

• GE-MARS

• PRAS (from NREL)

• SERVM

https://live-etabiblio.pantheonsite.io/sites/default/files/ra_project_-_final.pdf
https://live-etabiblio.pantheonsite.io/sites/default/files/ra_project_-_final.pdf
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https://www.nrel.gov/analysis/pras.html
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https://www.astrape.com/servm/
https://www.astrape.com/servm/
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GENERATION CAPACITY ADEQUACY

© Frank A. Felder, Ph.D. 26

Trials

Available Capacity (MW) Using Monte Carlo simulation
determine for each unit
whether it is available during 
and sum up available capacity
for each trialIndicates 

“Blue” is 
available

Trial 1 Trial 2 Trial n

Important concept: Effective Load Carrying Capability (ELCC)
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GENERATION CAPACITY ADEQUACY

© Frank A. Felder, Ph.D. 27

MegaWatts

(Load or Supply)

Load Available 

Supply

Loss of Load Probability (LOLP)

Installed Capacity is the Control

Variable (“knob”)

16%

Capacity Margin

Hydro systems 
need a lower 
capacity margin 
to obtain the 1- 
time-in-ten-
year level than 
thermal 
systems
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CHRONOLOGICAL RESOURCE ADEQUACY (RA)

© Frank A. Felder, Ph.D. 28
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CURTAILMENTS
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VALUE OF LOST LOAD (VOLL)

Definition
The Value of Lost Load (VOLL) is an indicator of the economic value that 
consumers place on the energy not served in case of a supply disruption, 
e.g. an electricity outage (blackout). VOLL is broadly used by industry and 
regulators for benchmarking the operating conditions of an energy system.

Interpretations
• Literal cost to consumers
• An oversimplification of individual consumer demand curves
• An approximate value used for planning purposes

Ways to Measure VOLL
• Surveys
• Costs of behaviors in response to actual or anticipated power outages
• Macroeconomic studies
• Estimates of cost of lost production

© Frank A. Felder, Ph.D. 30
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RESOURCE ADEQUACY METRICS

Loss of Load Expectation (LOLE)

The expected number of hours in a year that load loss or generation deficiency occurs

Loss of Load Probability (LOLP)

The probability that a system’s load will exceed generation

Unserved Energy
The expected amount of energy not supplied by generation during a period due to 
insufficient generation

Other metrics that account for risk are being considered

© Frank A. Felder, Ph.D. 31https://cdn.misoenergy.org/20240926%20RA%20Risk%20Metric%20Workshop%20Item%2003%20Stenclik%20ESIG
%20New%20Resource%20Adequacy%20Criteria650105.pdf



Public

CAPACITY ACCREDITATION AND TESTING

• Need to test capacity, generally winter and summer, to determine its 
amount

• Adjusted by effective forced outage rate (EFOR) based upon rolling 
average of, for example, 18 months

• UCAP = ICAP*(1-EFOR)

• Typically test the unit when it is scheduled to operate

• Ability to produce energy for multiple hours, e.g., 4 or 6 hours

• Special tests for limited energy resources (e.g., hydro, energy storage, 
intermittent renewables)

© Frank A. Felder, Ph.D. 32
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2. Capacity Market Fundamentals 
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SUMMARY OF MARKET DESIGN CHOICES

© Frank A. Felder, Ph.D. 34

Design Element Comment

Multi-settlement Needed to align incentives between unit commitment 
and dispatch

Congestion Pricing (i.e. 
LMPs)

Needed to reflect transmission constraints

Ancillary Services 
Markets

At a minimum need opportunity cost pricing

Capacity Markets Depends on willingness to tolerate extremely high prices 
and amount of price-responsive demand

Transmission Avoid having transmission policies undercut wholesale 
electricity markets

Wholesale Demand 
Response

A must if there is no retail price responsive demand

Retail Demand 
Response 

Need political will and should consider advanced 
metering infrastructure (AMI)
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TYPES OF CAPACITY MECHANISMS

© Frank A. Felder, Ph.D. 35

Apostolopoulo and Poudineh, Reforming Capacity Markets: How to Incorporate the Flexibility of Residential 
Consumers, https://www.oxfordenergy.org/wpcms/wp-content/uploads/2024/05/EL55-Reforming-Capacity-
Markets_publish.pdf

https://www.oxfordenergy.org/wpcms/wp-content/uploads/2024/05/EL55-Reforming-Capacity-Markets_publish.pdf
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https://www.oxfordenergy.org/wpcms/wp-content/uploads/2024/05/EL55-Reforming-Capacity-Markets_publish.pdf
https://www.oxfordenergy.org/wpcms/wp-content/uploads/2024/05/EL55-Reforming-Capacity-Markets_publish.pdf
https://www.oxfordenergy.org/wpcms/wp-content/uploads/2024/05/EL55-Reforming-Capacity-Markets_publish.pdf
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MOTIVATIONS FOR CAPACITY MARKETS

© Frank A. Felder, Ph.D. 36

• Historical

• Missing money

• Positive externality

• Public good

• Lack of demand response

• Political economy



Public

MISSING MONEY DUE TO OFFER CAPS

• Assume 15% annual carrying 
charge (cost of capital & 
depreciation)

• If combustion turbine (CT) runs 1 
hour per year, its total cost/kWh 
= $836*0.15 + $6.87 + $0.0124 = 
$132/kW = $132,000/MWh

• RTO/ISO markets typically have 
an offer cap of $1,000/MWh or 
$2,000/MWh

© Frank A. Felder, Ph.D. 37

US EIA, January 2024 https://www.eia.gov/analysis/studies/powerplants/capitalcost/pdf/capital_cost_AEO2025.pdf

https://www.eia.gov/analysis/studies/powerplants/capitalcost/pdf/capital_cost_AEO2025.pdf
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CAPACITY MARKET BASICS

© Frank A. Felder, Ph.D. 38

• Determine the amount of installed capacity for the region using a 
resource adequacy model

• Assign a portion to Load Serving Entities (LSEs), usually based on a 
LSE’s % of peak load

• LSE’s must procure enough ICAP to satisfy their obligation 
otherwise pay a deficiency penalty

LSE’s can build or buy ICAP or reduce their peak demand

LSE’s that are short ICAP are required to purchase it from the spot 
ICAP market

“Competitive Electricity Markets and System Reliability:  The Case for New England’s Proposed Locational Capacity Market” J. Farr and F. Felder, The 
Electricity Journal, Vol. 18, Number 8, October 2005, pp. 22-33.

“Should Electricity Markets Have A Capacity Requirement:  If So, How Should It Be Priced?” A. Jaffe and F. Felder, The Electricity Journal, December 
1996.
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ISSUES WITH CAPACITY MARKETS

© Frank A. Felder, Ph.D. 39

• Should there only be energy markets (e.g., ERCOT)?

• Should there be a forward capacity market (FCM)?

• If and how should demand response and energy efficiency be 
compensated?

• How should transmission constraints be handled?

• How should the capacity values of wind, solar, and energy 
storage be calculated in capacity markets?

• How should capacity markets be modified to account for severe 
weather?

“Competitive Electricity Markets and System Reliability:  The Case for New England’s Proposed Locational Capacity 
Market” J. Farr and F. Felder, The Electricity Journal, Vol. 18, Number 8, October 2005, pp. 22-33.

“Should Electricity Markets Have A Capacity Requirement:  If So, How Should It Be Priced?” A. Jaffe and F. Felder, 
The Electricity Journal, December 1996.
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WHOLESALE MARKET PRICES (PJM)

© Frank A. Felder, Ph.D. 40
PJM State of the Market, 2025, Table 1-9, Monitoring Analytics

https://www.monitoringanalytics.com/reports/PJM_State_of_the_Market/2024/2024-som-pjm-vol1.pdf
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NEED FOR DEMAND CURVE IN CAPACITY 
MARKETS

© Frank A. Felder, Ph.D. 41

https://www.potomaceconomics.com/capacity/why-do-capacity-markets-exist

https://www.potomaceconomics.com/capacity/why-do-capacity-markets-exist
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DEMAND CURVE AND COST OF NEW ENTRY 
(CONE)

© Frank A. Felder, Ph.D. 42

https://www.nrel.gov/docs/fy16osti/65491.pdf

https://www.nrel.gov/docs/fy16osti/65491.pdf
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COST OF NEW ENTRY (CONE)

Definition of CONE
An industry term to indicate the current, annualized capital cost of 
constructing a power plant, typically an advanced combustion turbine (CT).

Net CONE accounts for the profits from the sale of energy and ancillary 
services by subtracting them from CONE.

© Frank A. Felder, Ph.D. 43https://cdn.misoenergy.org/20221012%20RASC%20Item%2004c%20CONE%20Update626542.pdf
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COST OF NEW ENTRY (CONE)

© Frank A. Felder, Ph.D. 44https://www.nrel.gov/docs/fy16osti/65491.pdf

https://www.nrel.gov/docs/fy16osti/65491.pdf
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COMPARISON OF RTO/ISO CAPACITY MARKETS

© Frank A. Felder, Ph.D. 45
https://www.nrel.gov/docs/fy16osti/65491.pdf

Note: ISO-NE is discussing major reforms to its capacity markets in 2025

https://www.nrel.gov/docs/fy16osti/65491.pdf
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DEMAND RESPONSE (DR)

© Frank A. Felder, Ph.D. 46

Demand response is the ability of retail customers to respond to wholesale 
electricity prices

PJM provides for equivalent treatment of generation and demand resources

• Retail customers have the opportunity to participate in energy, capacity, and 
other markets and receive payments for the demand reductions they make 
(including the use of backup generation)

• Curtailment Service Providers (CSPs) aggregate the demand of retail customers, 
register with PJM, submit verification of demand reductions, and receive payment

• DR can participate in the day-ahead or retail energy markets, the capacity market 
(both DR and energy efficiency), and the synchronized reserve, regulation and 
day-ahead scheduling reserve markets

• DR gaming of baseline is a concern

https://www.utilitydive.com/news/miso-dr-demand-response-rule-ferc-fraud/743275/
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CAP [FLOOR] & TRADE 

© Frank A. Felder, Ph.D. 47

• ICAP aka UCAP:  FLOOR & TRADE
UCAP is unforced capacity, i.e., a unit’s availability times its capacity
 e.g., A 100 MW unit with 90% availability can sell 90 MW of
 UCAP

• PJM’s capacity market is called the Reliability Pricing Model (RPM)

• New England’s capacity market is a forward capacity market (FCM)

• Renewable Portfolio Standard:  FLOOR & TRADE

• Emission Allowance Markets:  CAP & TRADE

• These markets for capacity, renewable energy credits and emission permits 
interact with energy markets

• In addition, production tax credits (PTC) affect marginal costs, which therefore 
affect energy markets
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CAPACITY MARKET DESIGN CHOICES

Design Choice Description and Rationale Example

Forward Capacity 
Market (FCM)

By selling and buying capacity approximately 3 
years into the future, increases competition

ISO-New England (ISO-NE)
PJM

Zonal Capacity 
Requirements

Accounts for transmission limits within a market to 
obtain capacity in needed zonal locations

ISO-NE, PJM,NYISO

Demand Curve Amount of total capacity purchased varies with 
price to reflect the declining value of capacity and 
to reduce capacity price volatitly

ISO-NE, NYISO, PJM

Descending-clock 
auction

Allows for price discovery while limiting market 
power

ISO-NE

Reconfiguration 
Auctions

Multiple auctions to allow for the selling and 
purchasing of capacity to balance portfolios

ISO-NE, NYISO, PJM

© Frank A. Felder, Ph.D. 48

Objectives of Capacity Design Choices:

• Aligns with desired outcomes
• Reduce the exercise of market power
• Reduce potential for mis-pricing errors 
• Confidentiality of bids and offers
• Administrative simplicity
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TYPES OF AUCTIONS

• Sealed Bid Auction (SBA)
• ”Final and best” bids/offers submitted in advance that are confidential
• Lowest-bid or highest-offer wins
• No information is publicly revealed during the process

• Descending Clock Auction (DCA)
• Price to buy decreases until supply equals demand
• No round structure
• Everyone observes when a bidder withdraws 

• Hybrid Descending Clock Auction
• A sealed bid auction with rounds
• Used by ISO-NE
• Allows for price discovery

• Vickery Auction/Sealed-bid Second-Price Auction
• The highest bidder wins but the price paid is the second-highest bid

© Frank A. Felder, Ph.D. 49

https://www.iso-ne.com/static-assets/documents/2016/07/20160714-dca-forum.pdf
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ISO-NE RECONFIGURATION AUCTIONS

© Frank A. Felder, Ph.D. 50

https://www.iso-ne.com/markets-operations/markets/forward-capacity-market/fcm-
participation-guide/reconfigurations-auctions
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ISO-NE RECONFIGURATION AUCTIONS
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https://www.iso-ne.com/markets-operations/markets/forward-capacity-market/fcm-participation-
guide/reconfigurations-auctions
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ZONAL CAPACITY REGIONS

ISO-NE Capacity Zones New York Capacity Zones

• New York City
• Long Island
• Rest of State

© Frank A. Felder, Ph.D. 52

https://isonewswire.com/2017/10/30/get-easy-access-to-helpful-iso-ne-maps-and-diagrams-on-new-webpage/
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ISO-NE CAPACITY PROCUREMENT

© Frank A. Felder, Ph.D. 53
https://www.mass.gov/doc/capacity-resource-accreditation-for-new-englands-clean-energy-transition-report/download

Summary

Qualification/Accreditation

Demand Determination

Forward Capacity Auctions

Annual Reconfiguration Auctions

Certification

Capacity Commitment Period
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https://www.misoenergy.org/planning/resource-
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adequacy/#t=10&p=0&s=FileName&sd=desc
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CAISO CAPACITY CONSTRUCT
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https://www.caiso.com/documents/2022-annual-report-on-market-issues-and-performance-jul-11-2023.pdf, p. 214
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MINIMUM OFFER PRICING RULE (MOPR)
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• Intended to ensure that capacity sellers who are net 
buyers of capacity cannot exercise buyer-side market 
power by offering capacity at an artificially low price

• Applied to natural gas units whose revenues were 
guaranteed by states, i.e., resources that receive state 
subsidies

• Also applied to state-subsidized renewable and nuclear 
resources

• FERC has adopted a “focused MOPR”

https://www.resources.org/common-resources/three-insights-from-the-debate-over-minimum-offer-price-rules-in-electricity-markets/
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https://www.sierraclub.org/articles/2019/08/ferc-order-could-cost-pjm-consumers-billions-and-set-back-state-clean-energy

Note: This slide is from 2019; FERC has since revised MOPRs
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Felder, Frank A. "Examining electricity price suppression due to renewable resources and other grid investments." The Electricity 
Journal 24.4 (2011): 34-46.
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OPERATING RESERVE DEMAND CURVE (ORDC)
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3. Emerging Issues with Capacity 

Markets
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RESOURCE ADEQUACY EMERGING ISSUES

• Extreme weather, both hot and cold

• Weather-dependent renewables 

• Effective load carrying capability (ELCC)

• Chronological modeling of energy storage

• Resource adequacy requirement, mean and variance

• Dependent failures

• Economic incentives

© Frank A. Felder, Ph.D. 62



Public

EMERGING CHALLENGES WITH TRADITIONAL 
RESOURCE ADEQUACY ASSESSMENTS
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https://live-etabiblio.pantheonsite.io/sites/default/files/ra_project_-_final.pdf
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ROLE OF DEPENDENT FAILURES

• Historically, resource adequacy (RA) has been based upon 
independent failures of generation units

• In highly reliable systems (in general and electric power 
systems in particular), causes of system failures (e.g., power 
outages) are due to dependent failures

• Other names include common-cause failures and correlated 
failures

• Empirically, this is the case with electric power systems

© Frank A. Felder, Ph.D. 64
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OUTAGE RATES VARY WITH TEMPERATURE
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https://www.energy.gov/sites/default/files/2024-
04/2024%20The%20Future%20of%20Resource%20Adequacy%20Report.pdf
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EFFECTIVE LOAD CARRYING CAPABILITY (ELCC)

© Frank A. Felder, Ph.D. 66

• Definition

• A measurement of a resource’s ability to produce energy when the 
grid is most likely to experience electricity shortfalls

https://www.ethree.com/wp-content/uploads/2020/08/E3-Practical-Application-of-ELCC.pdf

https://www.ethree.com/wp-content/uploads/2020/08/E3-Practical-Application-of-ELCC.pdf
https://www.ethree.com/wp-content/uploads/2020/08/E3-Practical-Application-of-ELCC.pdf
https://www.ethree.com/wp-content/uploads/2020/08/E3-Practical-Application-of-ELCC.pdf
https://www.ethree.com/wp-content/uploads/2020/08/E3-Practical-Application-of-ELCC.pdf
https://www.ethree.com/wp-content/uploads/2020/08/E3-Practical-Application-of-ELCC.pdf
https://www.ethree.com/wp-content/uploads/2020/08/E3-Practical-Application-of-ELCC.pdf
https://www.ethree.com/wp-content/uploads/2020/08/E3-Practical-Application-of-ELCC.pdf
https://www.ethree.com/wp-content/uploads/2020/08/E3-Practical-Application-of-ELCC.pdf
https://www.ethree.com/wp-content/uploads/2020/08/E3-Practical-Application-of-ELCC.pdf
https://www.ethree.com/wp-content/uploads/2020/08/E3-Practical-Application-of-ELCC.pdf
https://www.ethree.com/wp-content/uploads/2020/08/E3-Practical-Application-of-ELCC.pdf


Public

ELCC: SOLAR EXAMPLE
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RAPID INCREASE IN U.S. BATTERY INSTALLATIONS
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READING THE RELIABILITY TEA LEAVES

© Frank A. Felder, Ph.D. 69
https://www.nerc.com/pa/RAPA/ra/Reliability%20Assessments%20DL/NERC_Long%20Term%20Reliability
%20Assessment_2024.pdf
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COURSE WRAP UP

© Frank A. Felder, Ph.D. 70

Remaining Capacity Market Issues:

• Should there be capacity markets?
• If so, what should be their key design features?
• How to accommodate variable and intermittent 

resources and energy storage?
• How to improve resource adequacy models to 

accommodate common cause and dependent failures?

Please contact me at any time if you have questions, 
comments or want more information

THE END IS HERE
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KNOWLEDGE SELF-CHECK

1. What are the different rationales for capacity markets?
2. What are the basic elements of capacity markets?
3. How is the capacity of a generation unit determined?
4. What is effective forced outage rate?
5. How do capacity markets handle transmission limitations?
6. How do capacity markets handle demand response?
7. What is effective load carrying capability and why is it important?
8. What are the implications of  energy limited resources such as some 

hydro and energy storage in capacity markets?
9. What is meant by independent failures vs dependent 

failures/correlated failures/common-cause failures and what are some 
examples?

© Frank A. Felder, Ph.D. 71
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TERMINOLOGY AND ABBREVIATIONS CHECK

CONE
DR
EFOR
ELCC
EUE
FCM
Installed Capacity
LOLE and LOLP
Merit Order Effect

N-1
One ‘time’ in ten years
ORDC
Reconfiguration Auctions
Reliability
Resource Adequacy
RPM
Security
UCAP

© Frank A. Felder, Ph.D. 72



Public

More Information and Resources
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MORE INFORMATION

© Frank A. Felder, Ph.D. 74

Key Legal References and Documents

Key FERC documents regarding electricity markets are available at 
http://www.ferc.gov/docs-filing/docs-filing.asp

Other General Sources that Cover Capacity Markets

Harvard Electricity Policy Group:  http://www.hks.harvard.edu/hepg/

The Electricity Journal:  http://www.journals.elsevier.com/the-electricity-journal/

Steven Stoft, Power System Economics:  Designing Markets for Electricity

ISO-NE:  https://www.iso-ne.com/about/what-we-do/in-depth/capacity-vs-energy-
primer 

NYISO Capacity Manual, 
https://www.nyiso.com/documents/20142/2923301/icap_mnl.pdf/234db95c-9a91-66fe-7306-
2900ef905338 
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