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Background: Capacity Market
Compensation to supply resources in PJM market comes from the sale of three products:
1

Energy

2

3

Ancillary Services
(reserves, regulation, reactive, blackstart, etc.)

Capacity

The existing compensation for energy and ancillary services may not
be adequate for supply resources necessary to maintain reliability
to recover their cost to stay in service.
• The purpose of capacity market is to provide a mechanism for supply resources
to compete for these additional revenues to ensure costs are minimized.

• By accepting a capacity commitment, suppliers accept performance obligations.
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Background: Capacity Credit Market

Prior to the current
capacity market,
the Reliability Pricing
Model (RPM), PJM had a
daily and monthly
capacity credit market.

• Load Serving Entities (LSEs) were required to have
capacity to cover their obligations.
− Owned/
constructed

− Purchased from
the market

• System-wide clearing price.
• Deficiencies charges for LSEs who were short.

That market was cleared using
a vertical demand curve.
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− Bilaterally
contracted

Supply commitments could
be as short as a single day.
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Necessary Changes to the Capacity Market
In August 2005
PJM filed changes
to its governing
documents to
implement the
current forwardlooking capacity
market.

This filing was motivated by anticipated reliability violations in New
Jersey, the Delmarva Peninsula and the Baltimore-Washington Area as
early as 2006.
PJM highlighted three key shortcomings of the capacity credit market
in this filing:
1. No recognition of locational value.
2. Volatile prices below the replacement cost of the marginal unit.
3. No long-term forward commitment
The proposed capacity market replacement, the Reliability Pricing Model
(RPM), contained design elements intended to address each
shortcoming. One of these was a downward-sloping demand curve.
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Justification 2005 Filing for the
Downward-Sloping Demand Curve
• Affidavit from Dr. Benjamin Hobbs of Johns Hopkins University including
economic modeling.
Summary quote from the filing letter:
“Applying a dynamic economic model, and conducting numerous sensitivity analyses, he
found that in every scenario considered, the vertical demand curve was more volatile,
more risky, yielded lower reliability, and resulted in higher consumer costs, than the
downward-sloping resource curves of the type recommended for RPM.”
• Commission precedent in a
related proceeding on
NYISO’s capacity market.
www.pjm.com | Public

• FERC’s April 2006 order on this filing accepted the
use of a downward-sloping demand curve but sent
the proceeding to settlement to define the details.
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Price Volatility Using a Vertical Demand Curve
Price

• Vertical demand curves can produce more volatile
prices than sloped curves.

Example
Clearing Price A

• This occurs because small changes in supply can
result in large changes in the clearing price.

• When supply is adequate, the price is set by the
offer of the resource on the margin.
• In a supply shortage, the price is set by the
Example
Clearing Price B demand curve. This is the willingness to pay for

another MW-day of capacity.
Blue supply curve indicates
a small excess of capacity and
a low price.

• Large price swings can make it challenging for
investors to forecast revenues and therefore
riskier to invest.

Quantity
www.pjm.com | Public

Green curve indicates a small
shortfall and a price at its
maximum.
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RPM Auction Structure
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2005/2006: PJM-Proposed vs.
Settlement RPM Demand Curve
• The graphic illustrates the difference
between the curve proposed by
PJM in 2005 and supported by the
Hobbs affidavit and the curve
agreed upon by stakeholders
during the 2006 settlement.

• The blue curve is what was used to
clear the initial RPM BRAs.
• The curve itself incorporates an
estimate of Interruptible Load for
Reliability (ILR). At that time, this
product was permitted to register
after the auction. As such, a
portion of the capacity needed
was held back.
www.pjm.com | Public
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Acronyms and Descriptions
CONE (also Gross CONE): The gross Cost of New Entry. This is the cost to build the
Reference Technology.
Reference Technology: The resource type chosen as the marginal entrant in PJM. Since the
inception of RPM this has been a combustion turbine (CT).
Energy & Ancillary Services Revenue (E&AS) Offset: The anticipated profits collected by a
resource in the energy and ancillary service markets during the Delivery Year.
Net CONE: The Gross CONE minus the E&AS Offset.

Delivery Year: The year for which the capacity auction is being conducted.
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2008-2011: Changes to the Demand Curve

Filing following 2008 Review:
• Changes to the details of the E&AS Offset calculation
• Removal of ILR product in 2012
• Creation of 2.5% Short-Term Resource Procurement Target (STRPT)

Filing following 2011 Triennial Review:
• Changes to the details of the E&AS Offset calculation
• Change in demand curve cap price to the higher of Gross CONE or Net CONE
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2014: Change to a Convex Curve
Following the 2014 Quadrennial
Review, PJM filed changes to move to a
convex curve.
The motivation for this change was
twofold:

1. To address performance shortcomings of the
then-current demand curve found after Brattle
enhanced their simulation model.
2. Better align the demand curve with the
declining reliability value of capacity.

PJM further proposed, and FERC accepted,
shifting the Brattle-recommended demand curve
to the right by 1% to address reliability concerns.
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2015-2021: Demand Curve Changes
• Capacity Performance Filing of 2015:
Removal of the STRPT

• Filing following 2018 Quadrennial Review:
Removal of the 1% shift in the demand curve from 2014.
• The 2022/2023 Base Residual Auction held in 2021 was run with a
forward-looking E&AS offset for resource offers and the demand curve
pursuant to the Reserve Price Formation Proceeding.
The use of the forward-looking E&AS offsets was later remanded by FERC as part
of a broader remand in that proceeding.
www.pjm.com | Public
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Changes Proposed Following the 2022 Quadrennial Review

1. Increase in the price cap on the curve
to the greater of Gross CONE of
1.75 * Net CONE.
2. Change in the Reference Resource to
a combined cycle.
3. Change to a forward-looking
E&AS offset.
4. Shift left of the “foot” of the curve
to address concerns on overprocurement with minimal impact
to curve performance.
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Reliability Risks in the Capacity Market
Resource Adequacy (RA)
Ensuring adequate resources are available to meet future load, accounting for uncertainty in supply and demand
Proposed Solution Option(s)

•

Enhance RA models to better
capture future risk profiles
− Load Forecast enhancements,
including move to hourly forecast
− Move to hourly RA models for RTO
and LDA reserve studies, consistent
with ELCC analysis
− Improve modeling of winter risk

•

Account for all supply-side
uncertainties consistently in the
accreditation of resources
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Status quo accounting of reliability risks
Risks

Source

Accounting of Risk

Load Uncertainty

Demand

Demand-side (FPR)

Supply (thermals)

Accreditation (EFORd)

Supply (e.g. wind/solar)

Accreditation (ELCC)

Supply (e.g. battery)

Accreditation (ELCC)

Normal Variability in Random
Thermal Forced Outages

Supply (thermals)

Demand-side (FPR)

Thermal Planned & Maint. Outages

Supply (thermals)

Demand-side (FPR)

Thermal Winter Correlated Outages

Supply (thermals)

Demand-side (FPR)

Ambient De-rates (Summer)

Supply (thermals)

Demand-side (FPR)

Random Thermal Forced Outages
Variable Resource Risks
Limited Duration Resource Risks
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Reliability Target and Metric
Current Reliability Target and Metric
1 day in 10 years Loss of Load Expectation (LOLE) for the RTO; 1 day in 25 years LOLE for LDAs
As the drivers and patterns of reliability risk shift into the future, there’s a question on if the reliability
standard we’ve had for decades is still right for the future…
Why might it not be?

• An LOLE metric does not capture the magnitude
or duration of events

Severity of different load shed events can appear quite
similar, or very different, depending on the metric

• This may have been OK in the past given
patterns of outage risk that were generally driven
by peak loads and random generator outages
• However, may not be the case in the future under
changing risk profiles / resource mix and greater
correlated outage risks
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Qualifications and Accreditation (cont’d)
ACCREDITATION
•

Status quo of ELCC for variable and limited duration resources; EFORd for other generation; FPR for DR

Proposed Solution Option(s)

Accreditation in other regions:

• Move to a “marginal” accreditation framework for all
resource types using a single consistent model (e.g.
ELCC)

•

• Account for all uncertainties sourced by supply-side
resources in the accreditation

NYISO recently filed and had changes approved to
use a Marginal ELCC or Marginal Reliability Impact
(MRI) approach for all generators types and with
defined classes

•

• Class definitions to capture resource types or
characteristics that are expected to impact marginal
reliability value (e.g. fuel security or run time limitations)

ISO-NE is currently discussing accreditation
changes with its stakeholders; recent straw
proposal supportive of an MRI approach for all units

•

MISO filed for a seasonal construct that would base
accreditation for “Schedule 53” resources on
historical seasonal availability from prior 3 years,
with a weighting system to focus on hours of
highest risk / lowest operating margin

• Review current ELCC dispatch methodology and
assumptions for enhancements
• Accredit on a seasonal basis (under a seasonal design)
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Reference Links
2008: Review of PJM’s Reliability Pricing Model
(https://www.brattle.com/wpcontent/uploads/2017/10/6328_review_of_pjms_reliability_pricing_model_pfeifenberger_et_al_jun_30_2008-2.pdf)
2011: Second Performance Assessment of PJM’s Reliability Pricing Model
(https://www.brattle.com/wpcontent/uploads/2017/10/6232_second_performance_assessment_of_pjms_reliability_pricing_model_pfeifenberger_et
_al_aug_26_2011-3.pdf)
2014: Third Triennial Review of PJM’s Variable Resource Requirement Curve
(https://www.brattle.com/wpcontent/uploads/2017/10/7510_third_triennial_review_of_pjms_variable_resource_requirement_curve-4.pdf)
2018: Fourth Review of PJM’s Variable Resource Requirement Curve
(https://www.brattle.com/wp-content/uploads/2021/05/13894_20180420-pjm-2018-variable-resource-requirementcurve-study.pdf)
2022: Fifth Review of PJM’s Variable Resource Requirement Curve
(https://www.brattle.com/wp-content/uploads/2022/05/Fifth-Review-of-PJMs-Variable-Resource-RequirementCurve.pdf)
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Downward Sloping Demand Curve
and Capacity Market Issues

OPSI Annual Meeting
10.18.2022

IMM

Capacity market history
•
•
•
•
•

PA PUC
Required for retail competition
Daily (capacity credit market)
Annual (reliability pricing model)
Impact on net revenues to generation assets
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History of capacity prices

$400

Delivery year cleared MW weighted average clearing price

$350

CCM Daily and Monthly weighted average clearing prices
RPM LDA weighted average clearing prices

$300

$200
$172.09

$172.71
$160.01

$150

$147.33

$153.37
$127.67
$108.63

$89.78

$20.55
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2022/2023

2021/2022

2020/2021

2019/2020

2018/2019

2017/2018

2016/2017

2015/2016

2014/2015

2013/2014

2011/2012

2010/2011

2009/2010

2008/2009

$5.22

2007/2008

$4.53

2006/2007

2004/2005

2002/2003

2001/2002

2000/2001

2003/2004

$13.64

$0

$74.28

$17.35

2005/2006

$38.80

$111.07
$109.82

$75.08

$57.75

$50

$121.84

$116.55

$97.58

$141.19

$126.40

2012/2013

$100

1999/2000

$ per MW-day

$250

VRR Curve Shapes
$450
$400

Reliability Requirement

A

$350
BRA
Gross CONE: 2018 Quad Review
(Escalated for 22/23 DY)
Simple CT

$/UCAP MW-day

$300
$250

Brattle's Proposed Candidate Curve
Gross CONE: 2018 Quad Review
(Escalated for 22/23 DY)
Simple CT
IMM Half Way
Gross CONE: 2018 Quad Review
(Escalated for 22/23 DY)
Simple CT

B

$200

B

B

$150
$100
$50
$0
128,000

C

130,000

132,000

134,000

136,000

UCAP MW
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C

138,000

C

140,000

142,000

VRR curve impacts: 2022/2023 Delivery Year
VRR Curve

Reliability Requirement

Supply

BRA Clearing Price

Scenario Clearing Price

$450
$400

A (99%)

$350

$ per MW-day

$300
$250
$200

B (101.7%)

$150
$100
BRA Clearing Price: $50.00 per MW-day

$50
Scenario Clearing Price: $30.00 per MW-day

C (106.8%)

$0
0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Capacity (Unforced MW as a percent of the Reliability Requirement)
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110%

120%

130%

Impact on Clearing Prices
BRA
LDA
RTO
ATSI
COMED
MAAC
ATSI-CLEVELAND
DAY
DEOK
EMAAC
PPL
SWMAAC
DPL-SOUTH
PSEG
BGE
PEPCO
PS-NORTH
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Brattle Candidate Curve

IMM Half Way

Clearing Price Clearing Price Percent Clearing Price Percent
($/MW-day)
($/MW-day) Change
($/MW-day)
Change
$50.00
$45.00 (10.0%)
$40.73 (18.5%)
$50.00
$45.00 (10.0%)
$40.73 (18.5%)
$68.96
$60.00 (13.0%)
$55.24 (19.9%)
$95.79
$89.53
(6.5%)
$78.75 (17.8%)
$50.00
$45.00 (10.0%)
$40.73 (18.5%)
$50.00
$45.00 (10.0%)
$40.73 (18.5%)
$71.69
$63.75 (11.1%)
$59.09 (17.6%)
$97.86
$94.96
(3.0%)
$89.00
(9.1%)
$95.79
$89.53
(6.5%)
$78.75 (17.8%)
$95.79
$89.53
(6.5%)
$78.75 (17.8%)
$97.86
$94.96
(3.0%)
$89.00
(9.1%)
$97.86
$94.96
(3.0%)
$89.00
(9.1%)
$126.50
$126.50
0.0%
$126.50
0.0%
$95.79
$89.53
(6.5%)
$78.75 (17.8%)
$97.86
$94.96
(3.0%)
$89.00
(9.1%)
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Impact on Total Load Payments

BRA
Brattle Candidate Curve
IMM Half Way
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Total Load Payment ($/Year)
$3,916,990,303
$3,584,290,896
$3,238,821,764
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Change ($/Year) Percent Change
NA
NA
($332,699,406)
(8.5%)
($678,168,539)
(17.3%)

Scenario summary for 2023/2024 RPM Base
Residual Auction: Impacts on RPM revenue
Scenario
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Scenario Impact
RPM Revenue
RPM Revenue
($ per Delivery Year) ($ per Delivery Year) Percent
$2,196,444,791
NA
NA
$1,212,977,260
$983,467,530
81.1%
$1,790,941,751
$405,503,039
22.6%
$1,729,724,427
$466,720,364
27.0%
$2,196,444,791
$0
0.0%
$2,191,931,381
$4,513,409
0.2%
$2,254,726,706
($58,281,915)
(2.6%)
$4,111,765,958
($1,915,321,168) (46.6%)
$2,114,675,175
$81,769,616
3.9%
$2,206,858,085
($10,413,294)
(0.5%)
$2,277,928,225
($81,483,434)
(3.6%)
$2,195,770,974
$673,816
0.0%
$2,288,709,765
($92,264,974)
(4.0%)

Scenario Description
Actual Results
Downward sloping VRR curve
Modified VRR curve
Over forecast peak load
Change in ComEd CETL
Change in MAAC CETL
Overstated intermittent capacity
Demand resources
EE offers and EE add back
PRD
Seasonal products
Seasonal matching across LDAs
External generation
DR, EE, PRD, seasonal resources, external generation,
and overstated intermittent capacity
Nuclear offers
DR, seasonal resources, external generation, overstated
intermittent capacity and modified VRR curve

©2022
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$4,919,185,790
$2,196,444,791

($2,722,740,999)
$0

(55.3%)
0.0%

$2,976,526,942

($780,082,151)

(26.2%)

Scenario summary for 2023/2024 RPM Base Residual
Auction: Impacts on RPM cleared UCAP MW
Scenario
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Scenario Description
Actual Results
Downward sloping VRR curve
Modified VRR curve
Over forecast peak load
Change in ComEd CETL
Change in MAAC CETL
Overstated intermittent capacity
Demand resources
EE offers and EE add back
PRD
Seasonal products
Seasonal matching across LDAs
External generation
DR, EE, PRD, seasonal resources, external generation,
and overstated intermittent capacity
Nuclear offers
DR, seasonal resources, external generation, overstated
intermittent capacity and modified VRR curve
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Scenario Impact
Cleared UCAP (MW) Cleared UCAP (MW) Percent
144,870.6
NA
NA
131,564.3
13,306.3
10.1%
141,119.4
3,751.2
2.7%
139,895.0
4,975.6
3.6%
144,870.6
0.0
0.0%
145,199.1
(328.5)
(0.2%)
144,828.9
41.7
0.0%
143,568.3
1,302.2
0.9%
139,399.5
5,471.1
3.9%
145,126.7
(256.1)
(0.2%)
144,526.3
344.3
0.2%
144,814.6
56.0
0.0%
144,768.4
102.2
0.1%
137,535.0
144,870.6

7,335.6
0.0

5.3%
0.0%

140,316.8

4,553.8

3.2%

Reserve margin: 2023/2024 RPM Base Residual
Auction
Reserve Margin Calculation
Forecast peak load ICAP (MW)
149,680.0
A
FRR peak load ICAP (MW)
28,755.0
B
PRD ICAP (MW)
235.0
C
Installed reserve margin (IRM)
14.8%
D
Pool-wide average EFORd
5.04%
E
Forecast pool requirement (FPR)
1.0901 F=(1+D)*(1-E)
Cleared UCAP (generation and DR)
139,399.5
G
Cleared ICAP (generation and DR)
146,798.1
H=G/(1-E)
RPM peak load ICAP (MW)
120,690.0
J=A-B-C
Reserve margin ICAP (MW)
26,108.1
K=H-J
Reserve margin (%)
21.6%
L=K/J
Reserve cleared in excess of IRM ICAP (MW)
8,246.0
M=K-D*J
Reserve cleared in excess of IRM (%)
6.8%
N=M/J
RPM peak load UCAP (MW)
114,607.2
P=J*(1-E)
RPM reliability requirement UCAP (MW)
131,564.2
Q=J*F
Reserve margin UCAP (MW)
24,792.3
R=G-P
Reserve cleared in excess of IRM UCAP (MW)
7,835.3
S=G-Q
©2022
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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
o

104.7 percent of excess reserves

• Cleared capacity with no must offer requirement:
7,534.3 MW
o

96.2 percent of excess reserves

• Sum of DR and no must offer: 15,737.6 MW
o
o

92.8 percent of required reserves
63.5 percent of total reserves

• Total capacity with no must offer requirement:
17,037.1 MW
©2022
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Reliability and Markets: Issues
• Apparent excess reserves are not robust
o
o

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
o
o

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.

©2022
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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.
o
o
o
o
o

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.
o

©2022

EE should not be part of capacity market per PJM rules.
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Reliability and Markets: Issues
• Capacity market must offer obligations
o

o

Intermittent resources should have must offer
requirement.
Storage resources should have must offer requirement.

• ELCC: marginal values
o

Apply to thermal resources
• EAF as an option

o
o
o

©2022

Resource specific; location specific
Hourly detail matters in reliability analysis
ELCC is a planning tool; not perfect metric for capacity
equivalence.
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Reliability and Markets: Issues
• Role of capacity market imports (pseudo ties)
o

Not linked to a specific zone/LDA

• Role of maximum emergency resources
o
o
o

Cannot provide output on a routine basis
Should not be defined to be capacity
Ambient derates should be treated as outages

• Natural gas availability
o

o

©2022

Need assessment of pipeline capability for current and
new gas resources in order to assess reliability.
Significant coal retirements will require new gas
resources.
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Reliability and Markets: Issues
• Need better locational capacity market price signals
o

o
o

o
o

©2022

Coal unit retirements need to be reflected in capacity
market locational supply and demand.
Advance notice to markets of retirements is essential.
CETO/CETL does not account for constraints within
LDAs (cannot identify need for individual resources
without new transmission investment).
Issue creates potential for new RMR contracts.
Better/nodal locational capacity market price signals
would help avoid need for new RMR contracts.
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Reliability
• Reliability target metrics
o
o

LOLE: loss of load expectation
EUE: unserved energy

• Expected performance of resources
o
o

EFORd: forced outage rate
EAF: equivalent availability factor (1 – all outage rates)

• Realistic/implementable
o
o
o
o

©2022

Correlations
Resource classes/fuel sources
Hourly
Historical data
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Procurement
• Meet reliability standards
o

Hourly

• Account for actual characteristics of resources
o
o

©2022

Hourly availability
Locational/nodal availability
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Performance Assessment
• Performance obligation is continuous
• Must perform when committed/dispatched
• PAI not relevant

©2022
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Accreditation

• Physical assets
• Homogeneous product
• ELCC (effective load carrying capability)
o
o
o

Intermittent
Storage
Thermal

• CIRs (capacity interconnection rights)
• Firm fuel
• Testing

©2022
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Obligations
• All capacity resources have the same obligations
• The obligations of capacity resources:
o
o
o
o
o

©2022

Deliverable energy at ICAP
Must offer in capacity market
Must offer in energy market (ICAP)
Outages must be reported
Energy from capacity resources is recallable in an
emergency
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