LAPPEENRANTA UNIVERSITY OF TECHNOLOGY
School of Technology
Electrical Engineering

Matthew Swanson

THE IMPACT OF ELECTRICAL CAPACITY MARKET MECHANISMS ON
CAPACITY MOBILITY AND END USE CUSTOMER PRICING

Examiners:

Professor Satu Viljainen
Associate Professor Samuli Honkapuro

ABSTRACT
Lappeenranta University of Technology
School of Technology
Electrical Engineering
Matthew Swanson
The Impact of Electrical Capacity Market Mechanisms on Capacity Mobility and End
Use Customer Pricing
Master’s Thesis
2014
82 pages, 24 figures, 10 tables and no appendices
Examiners:

Professor Satu Viljainen
Associate Professor Samuli Honkapuro

Keywords: Capacity Markets, Capacity Mobility, PJM, MISO
Potential impacts of electrical capacity market design on capacity mobility and end use
customer pricing are analyzed. Market rules and historical evolution are summarized to
provide a background for the analysis. The summarized rules are then examined for impacts
on capacity mobility. A summary of the aspects of successful capacity markets is provided.
Two United States market regions are chosen for analysis based upon their market history
and proximity to each other. The MISO region is chosen due to recent developments in
capacity market mechanisms. The PJM region neighbors the MISO region and is similar in
size and makeup. The PJM region has had a capacity market mechanism for over a decade
and allows for a controlled comparison of the MISO region’s developments.
Capacity rules are found to have an impact on the mobility of capacity between regions.
Regulatory restrictions and financial penalties for the movement of capacity between regions
are found which effectively hinder such mobility.
Capacity market evolution timelines are formed from the historical evolution previously
summarized and compared to historical pricing to inspect for a correlation. No direct and
immediate impact on end use customer pricing was found due to capacity market design. The
components of end use customer pricing are briefly examined.
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1

INTRODUCTION

This thesis will analyze potential impacts of electrical capacity market design on capacity
mobility and the price of electricity to the end use customer. Market rules will be summarized
and analyzed to determine potential barriers to electrical generating resources offering
capacity into various regions. Along with the summary and analysis of market rules a
historical timeline of capacity market changes will be constructed and compared to historical
end use customer pricing.
Two regions within the United States will be analyzed due to their history with capacity
market designs and their proximity. The Midcontinent ISO (MISO) has recently experienced
a great deal of change with regards to capacity market designs, implementing a true forward
capacity auction as of April, 2013. MISO’s neighboring region, PJM has a long history of
forward capacity markets dating back to January 1999 and will be used as a basis for
comparison.
Capacity markets are necessitated when energy markets fail to provide sufficient incentive
to maintain system reliability. The reasons for this insufficiency can vary from price caps or
inadequate scarcity pricing in the energy market to tax incentives or feed in tariffs causing
external distortion of the market. Regardless of the reason for insufficiency it is clear that
extreme scarcity pricing in the energy market and outages are very politically unpopular. As
regulators seek to maintain reliability levels at or above historical norms, capacity markets
are often looked to as a solution. (Pfeifenberger, et al., 2014)
This work is organized as follows. First, a background of the market system under analysis
is provided in Section 2. Within this section the regions are summarized briefly and a history
of the market evolutions constructed. An in depth analysis of the market rules follows and
examines the roles of key players in the present capacity market mechanisms.
Second, an analysis and comparison of the market systems under review is provided in
Section 3. Critiques of the market designs are summarized and major differences explored.
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Conditions necessitating capacity markets and attributes which make a successful capacity
market are also examined.
Third, potential impacts of capacity markets on end use customer pricing are explored in
Section 4. Historical average pricing for industrial customers within the regions under
analysis are compared to the established capacity market evolution from Section 2 to examine
potential impacts. Other possible impacts on end use customer pricing are also explored.
Finally, the results of the analyses are summarized and provided context in Section 5.
Potential lessons for European markets are explored and areas for further study suggested.
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2

BACKGROUND - MARKET SYSTEMS

The electricity market structure within the United States varies depending on region. The
only organized wholesale energy markets are operated by Independent System Operators and
Regional Transmission Organizations (ISO/RTOs) which “serve two-thirds of electricity
consumers in the United States and more than 50 percent of Canada's population.” (ISO/RTO
Council, 2013)
The seven operating regions overseen by ISO/RTOs within the United States are illustrated
in Figure 1.

Figure 1: United States ISO/RTO Regions (ISO/RTO Council, 2013)

The overall design and implementation of wholesale electricity markets varies between the
seven organized market regions of the United States. Energy only and capacity markets are
present in various designs. Energy markets contain a locational marginal pricing (LMP)
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component and are operated as spot markets for both day ahead and intraday energy. Table
1 outlines the various components of the wholesale electricity markets present in the regions
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Table 1: Markets Operated by Region

2.1

Regions of Interest

The four RTOs with Capacity Market Constructs within the Unites States: Midcontinent ISO
(MISO), New England ISO (ISO-NE), New York ISO (NYISO), and PJM provide the best
opportunity to examine the impacts of capacity market design on generation mobility and
end use customer pricing. PJM has had a long history of at least some form of capacity market
construct and will be used as a region which provides for control as prices are analyzed over
a long term basis. The Midcontinent ISO (MISO) has recently experienced a great deal of
development in the area of capacity market constructs and will be analyzed for possible
impacts to end user prices due to those developments. PJM and MISO are directly and
indirectly interconnected in many places and have a similar footprint size and makeup with
generation and load totaling over 100,000 MW.
The following sections will outline the history of capacity market constructs within both PJM
and MISO as well as give a detailed background on the present constructs.
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2.2

PJM

PJM was originally founded in 1997 as an Independent System Operator for the states of
Pennsylvania, New Jersey and Maryland from which it derives its name. In 2002 PJM
became a Regional Transmission Organization, incorporating the states of Ohio, Delaware,
Virginia and West Virginia, portions of Indiana and Illinois as well as the District of
Columbia. (Viljainen, et al., 2011) PJM had 183,604 MW of capacity in 2012 and a peak
demand of 165,492 MW (PJM, 2013).
Presently PJM’s capacity is broken down by fuel type as outlined in Table 2. In 2013 most
of the energy for PJM was derived from coal and gas fired sources totaling over 77% of total
energy supplied.
Table 2: PJM Generation by Fuel Type in 2013 (Monitoring Analytics, 2014b)

Percent
Fuel
Type
CC
CT
Diesel
Fuel Cell
Hydro
Nuclear
Solar
Coal
Storage
Wind
Total

MW
28,223.60
31,720.80
810.70
30.00
8,108.90
33,744.60
253.20
90,597.30
94.90
6,364.20
199,948.20

Capacity
14.1 %
15.9 %
0.4 %
0.0 %
4.1 %
16.9 %
0.1 %
45.3 %
0.0 %
3.2 %

Energy
7.9 %
7.9 %
0.0 %
0.0 %
2.0 %
33.1 %
0.0 %
44.3 %
0.8 %
2.1 %

At present, PJM operates day ahead and real time spot markets with locational marginal
pricing, capacity markets, ancillary services markets and a Financial Transmission Rights
market. (FERC, 2013)

14

2.2.1 Market History
PJM has operated in at least some capacity since the formation of a power pool in 1927.
Within the operating agreements of the power pool was a capacity requirement equal to the
forecasted peak load of each member plus a reserve margin. This early reserve margin is not
explicitly defined, but was intended to fulfil certain reliability criteria. It is entirely possible
that the reserve margin was established using a one day in ten reliability criteria, although
the earliest mention of such a criteria is said to be in the 1940s (Carden & Wintermantel,
2011). Also included in the operating agreement was a requirement to pay a financial penalty
should a member experience a shortfall in capacity. This penalty was equivalent to the
annualized fixed cost per MW of building a new natural gas combustion turbine (CT) less
the expected net revenues from energy which would have been sold from that turbine. This
price, referred to as Net Cost of New Entry or NetCONE remains an aspect of PJM markets
to this day. (Bowring, 2013)
The combination of a capacity requirement and set penalty resulted in the creation of a gray
market in which members of the power pool with generation in excess of their capacity sold
to members experiencing shortfalls. A famous, or perhaps infamous, example of a power
pool member fulfilling capacity obligations through provisions of the operating agreement is
the purchase of both internal and external excess capacity by General Public Utilities after
the loss of the Three Mile Island nuclear plant in 1979. This early “capacity gray market” of
bilateral agreements acted as a precursor to early PJM markets and the eventual PJM capacity
market. (Bowring, 2013)
It has been posited that the PJM capacity markets “evolved from a mechanism to support fair
and efficient retail competition, to a core market design component implemented to provide
adequate revenue to attract sufficient supply and demand side resources to meet PJM’s
administrative reliability criteria.” (Bowring, 2013) At the launch of the PJM market on April
1st, 1997 there was no formal capacity market. However, as is the case in many energy
markets, there remained a capacity requirement imposed on all Load Serving Entities (LSEs)
within PJM. This requirement remained capacity equivalent to the estimated peak annual
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load plus a reserve margin and could be fulfilled via bilateral sale and purchase of capacity
via derivative products. Due to this availability of derivative products from the beginning of
PJM market operations it can be said that PJM never operated a truly “energy only” market
and that a capacity market was present from market start. (Bowring, 2013)
As member states within PJM opened their retail markets to competition it was noted that the
present capacity requirement could create a barrier to entry. As LSEs within PJM, new
entrants to the retail markets fell under the same obligations as the current PJM membership
which consisted primarily of historically vertically integrated utilities. New retail entrants
had a desire to serve load without being obligated to become generation owning utilities. In
order to promote open retail markets it was necessary to provide a means via which retail
entities could purchase and sell capacity in small increments for shorter periods as their
customer base shifted. The annual reserve requirement did not facilitate such transactions
and could be even more difficult to fulfill as retail entities would most likely need to purchase
capacity from generation owned by utilities with which they were competing. (Bowring,
2013)
In response to these concerns, the PJM Capacity Credit Market (CCM) was launched on
January 1st, 1999 and shifted the capacity obligation from annual to daily (Bowring, 2013).
Under the CCM, capacity cleared primarily on a daily or monthly basis and the price for
capacity was the same across the entire PJM region irrespective of any locational needs. The
market design lacked specific and transparent market power mitigation procedures and was
susceptible to price volatility. (PJM, 2009).
Concerns were raised following price spikes in 2001 when capacity fell short of demand and
prices rose, furthering concerns over market manipulation. Following this spike, prices began
to fall due to investment in new generation spurred by deregulation, low natural gas prices
and new electricity markets. The results of these market conditions are illustrated in Figure
2. (PJM, 2009)
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Figure 2: Historical Capacity Prices in PJM (PJM, 2009)

Under the CCM, additional capacity beyond the capacity obligation was implicitly given no
value. The result of this market design and surplus capacity was consistently low prices
following the price spike of 2001. These prices were not sufficient to support new entrants
to the PJM market as shown in Figure 3. (PJM, 2009)
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Figure 3: PJM Revenue Adequacy 1999 – 2008 (PJM, 2009)

This sudden decline in capacity revenues in an area already experiencing revenue adequacy
concerns led to the transition to a new capacity market mechanism known as the Reliability
Pricing Model (RPM). The RPM is the current capacity market mechanism and as illustrated
in Figure 2 resulted in higher prices for capacity and increased revenue adequacy as intended.
(PJM, 2009)
2.2.2 Present Capacity Market Model
In 2007 PJM established the current capacity market construct known as the Reliability
Pricing Model (RPM) in order to address issues with the sustainability of the CCM as
outlined above. The RPM design was further intended to provide clear price signals for
capacity with a locational component without regulatory intervention. (Bowring, 2013)
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The stated goal of the RPM “is to align capacity pricing with system reliability requirements
and to provide transparent information to all market participants far enough in advance for
actionable response to the information.” (PJM, 2014a) The fundamental elements employed
in order to achieve this goal are outlined in the PJM Capacity Markets Manual as follows:





“Locational Capacity Pricing to recognize and quantify the locational value of
capacity
Variable Resource Requirement mechanism to adjust price based on the level of
resources procured
Forward Commitment of supply by generation, demand resources and qualified
transmission upgrades cleared in a multi-auction structure
A Reliability Backstop mechanism to ensure that sufficient generation, transmission
and demand response solutions will be available to preserve system reliability” (PJM,
2014a)

The RPM provides a locational pricing signal through the implementation of zones based on
transmission constraints. Bilateral and self-supply contracts are still allowed and the capacity
market is only to serve demand after such arrangements. PJM uses the concept of a delivery
year, elsewhere sometimes called a planning year, within the RPM. A delivery year starts on
June 1 of one year and ends on May 31 of the next. Thus all delivery years are referred to by
the year at the start of the delivery year and the year at the end i.e. Delivery Year 2010/2011
or DY 2010/2011. (PJM, 2014a)
The first delivery year in which portions of the RPM were implemented is 2007/2008. Given
that the RPM implements a forward commitment of resources, a transition period existed
between delivery year 2007/2008 to delivery year 2010/2011. Final and full implementation
of the RPM began with the 2011/2012 delivery year. (PJM, 2014a)
Auction Timing
The first auction for capacity within the RPM is 3 years in advance of the delivery year and
known as the Base Residual Auction (BRA). The BRA is followed by at least three
Incremental Auctions (IAs) in advance of the delivery year to allow for shifts in reliability
requirements. Additionally there is a bilateral market allowing for hedging and conditional
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incremental auctions may be conducted should there be significant changes in the
transmission system. (PJM, 2014a)
The timeline of the auctions of the RPM are outlined for an Example Delivery Year of June
1, 2010 to May 31, 2011 in Figure 4. The BRA is conducted in May of 2007, 3 years prior to
the start of the delivery year. Following the BRA three incremental auctions are conducted
at 20 months, 10 months and 3 months prior to the start of the delivery year. (PJM, 2014a)
These are outlined as the first, second and third incremental auctions of Figure 4.

Figure 4: Auctions of the RPM

Prior to the incremental auctions PJM will recalculate the reliability requirements for each
region based on updated load forecasts. According to PJM the incremental auctions “provide
both a forum for capacity suppliers to purchase replacement capacity, and a means for PJM
to adjust previously committed capacity levels due to reliability requirement increases or
decreases and to recoup the appropriate share of the deferred Short-Term Resource
Procurement Target.” In addition to recalculations, PJM purposefully sets aside an amount
of resources from the BRA to be procured in the subsequent options known as the Short Term
Resource Procurement Target (STRPT). Of this amount set aside, PJM will attempt to
recover 20% in both the 1st and 2nd incremental auctions and 60% in the third. (PJM, 2014a)
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Load Serving Entities
Participation in the RPM is mandatory for all Load Serving Entities (LSE) serving load
within the PJM region. Within the RPM each LSE has an obligation equal to their Daily
Unforced Capacity Obligation in each of the zones multiplied by the Final Zonal Capacity
Price for that zone, this product is known as an LSE’s Locational Reliability Charge (LRC).
An LSE’s daily unforced capacity obligation may be mitigated by offering wholly or partly
owned resources into the auctions or through the use of bilateral contracts. Additionally LSEs
may elect the Fixed Resource Requirement (FRR) Alternative. (PJM, 2014a)
By exercising the FRR alternative a LSE may submit a capacity plan which allows the LSE
to subsequently meet a fixed capacity requirement. This fixed capacity requirement would
be in direct contrast to the variable requirement as seen under the RPM construct. In this
fashion a LSE may elect not to participate in the auctions of the RPM if they meet certain
requirements. (PJM, 2014a)
Resource Providers
While resources providers within PJM are not mandated to participate in either the Reliability
Pricing Model’s auctions or Fixed Resource Requirement alternative, if an available resource
is not offered into the first auction which it is available to participate, it is barred from
participation in any future auction. This barring from participation effectively mandates
resource participation or committing entirely to another market three years in advance of the
transition due to the forward nature of the RPM’s auctions. Resource providers are obligated
to participate in the first available option or be barred from participation provided they have
generation located within the PJM market which is existing or will be in service by at the
commencement of an RPM auction. Resource providers may export available capacity from
within PJM to external markets if the requirements of the PJM Manuals and Agreements are
met. Generation external to the PJM, planned generation, demand resources, energy
efficiency resources and transmission upgrades may also participate in the RPM if they
choose. (PJM, 2014a)
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Price responsive demand (PRD) providers are also provided the option to participate in the
RPM or FRR if they are a LSE within PJM or have contractual arrangements with an LSE
within PJM. (PJM, 2014a)
Location Considerations
The PJM area is split into locational deliverability areas (LDA) by the Regional Transmission
Expansion Planning Process (RTEPP) which analyzes capacity constraints throughout the
PJM system. During the development of the RPM, the RTEPP identified 27 LDAs based on
historical boundaries and transmission study. These LDAs are illustrated in Figure 5. (PJM,
2014a)

Figure 5: PJM’s 27 Locational Deliverability Areas (Monitoring Analytics, 2014b)

Every year a Capacity Emergency Transfer Objective (CETO) is determined for each LDA
sufficient to ensure that each area meets a LOLE of one occurrence in 25 years. Following
the determination of a CETO for each LDA the actual import limit for each LDA, known as
a Capacity Emergency Transfer Limit (CETL), is determined. A LDA is considered to be
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constrained if its CETL is less than 1.15 times its CETO or if the LDA has had or is likely to
have a locational price adder. This division into LDAs provides locational considerations and
a deliverability requirement to the RPM. (PJM, 2014a)
In addition to internal deliverability constraints, starting with the 2017/2018 delivery year,
locational constraints associated with external resources will also be considered in PJM
constraint analysis. There are five external zones considered when determining Capacity
Import Limits for PJM. The Northern Zone includes the neighboring RTOs of NYISO and
ISONE. The Western Tier 1 Zone includes the neighboring regions of MISO East and MISO
West as well as the Ohio Valley Electric Corporation (OVEC). The Western Tier 2 Zone
includes the regions not directly connected to PJM of MISO Central and MISO South.
Similar to the Western Zones, the Southern Zones are split into a tier one zone which is
directly interconnected to PJM and a tier 2 zone which must interconnect through another
zone. The Southern Tier 1 Zone consists of the Tennessee Valley Authority (TVA) and
Louisiana Gas and Electric Energy (LGEE) with the Tier 2 Zone comprising the regions of
the Virginias and Carolinas (VACAR) not a part of PJM. Each of these zones is studied to
determine a capacity import limit from each zone in addition to a PJM capacity import limit
which are included as limits to the auctions of the RPM. (PJM, 2014a)
Reserve Margin Requirements
A yearly assessment of resource adequacy is conducted by PJM in order to establish an
Installed Reserve Margin (IRM) requirement. This assessment includes a ten-year forward
planning horizon and considers load forecast uncertainty, forced and planned outages of
generation, and system expansion. The IRM requirement, expressed as a percentage of
forecasted peak load is determined based on the installed or nameplate capacity of resources
and is intended to meet a Loss of Load Expectation (LOLE) of one occurrence in ten years.
(PJM, 2014a)
Generation capacity may be expressed in capacity and planning terms as either installed
capacity (ICAP) or unforced capacity (UCAP). Installed capacity typically refers to the
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nameplate capacity or peak reliable summer generating capability of a unit according to the
commissioning entity. Unforced capacity is a planning term used when a resources forced
outage rate is taken into account through the use of an Equivalent Forced Outage Rate under
demand (EFORd). An EFORd is determined by analyzing a unit’s performance over time
and categorizing outages. All outages which occurred when there was a demand for the unit
to provide electricity are included in the determination of the EFORd. A unit’s installed
capacity multiplied by the EFORd for that unit provides the unforced capacity for the unit.
This unforced capacity is used in planning as a measure of the capacity a unit will statistically
be able to provide. Aggregate EFORd are also sometimes used in the determination of
reliability requirements. Within PJM the Installed Reserve Margin requirement is converted
to the Forecast Pool Requirement (an unforced reserve requirement) through the use of a pool
wide average EFORd and Equation 1.
𝐹𝑜𝑟𝑒𝑐𝑎𝑠𝑡 𝑃𝑜𝑜𝑙 𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑚𝑒𝑛𝑡 (𝐹𝑃𝑅) = (1 + 𝐼𝑅𝑀) ∗ (1 − 𝑝𝑜𝑜𝑙 𝑤𝑖𝑑𝑒 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝐸𝐹𝑂𝑅𝑑)
Equation 1: PJM FPR (PJM, 2014a)

The Forecast Pool Requirement within PJM is simply an expression of the Installed Reserve
Margin requirement on an unforced capacity basis. This conversion of the reserve
requirement to an unforced capacity basis allows for the requirement to be fed into a capacity
auction as a clearing requirement when multiplied by forecasted load and be served by all
generation on an equal basis. A generator with a statistically worse availability will simply
be able to offer less into the market than a generator with a better availability.
PJM is somewhat unique in the RTOs of North America in that they produce their own load
forecasts. Typically forecasts are derived from member data and aggregated by the RTO for
planning purposes. Within PJM, peak load forecasts are produced for use in the RPM
auctions as well as in the planning processes. Annual peak load forecasts are determined not
only for the entire RTO but also for the zones used in the RPM auctions. A detailed overview
of PJM’s load forecasting process is available from the Load Data System Manual (M-19)
available from PJM’s website. (PJM, 2014a)
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Price Setting
In order to arrive at a demand curve for capacity resources within the RPM, PJM creates
Variable Resource Requirements (VRR). VRRs are created for the PJM region as a whole as
well as for any constrained LDA. Parameters which feed into the VRRs include: the resource
requirement, Cost of New Entry (CONE), a revenue offset for energy and ancillary services
revenue, and nominal and reservation prices for price responsive demand. The CONE value
used in VRR formation is based on the cost to commission a combustion turbine generating
station within PJM. (PJM, 2014a)
Each VRR curve is comprised of three points as outlined below from the PJM Manual 18 –
Capacity Markets Manual. (PJM, 2014a)
a) The price at point a is equal to the greater of the CONE or 1.5 times the CONE minus
the revenue offset for Energy and Ancillary Services or “Net CONE” divided by one
minus the Pool-Wide Average EFORd as shown in Equation 2. The capacity called
for at point a is equal to the reliability requirement for the area in questions multiplied
by 100% plus the IRM minus 3 % divided by 100 % plus the IRM minus the ShortTerm Resource Procurement Target (STRPT) as shown in Equation 3. The STRPT
accounts for resources which are proposed to be procured in the incremental auctions.
𝐺𝑟𝑒𝑎𝑡𝑒𝑟 𝑂𝑓 (𝐶𝑂𝑁𝐸, 1.5 ∗ 𝑁𝑒𝑡 𝐶𝑂𝑁𝐸)
1 − 𝑃𝑜𝑜𝑙-𝑊𝑖𝑑𝑒 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐸𝐹𝑂𝑅𝑑
Equation 2: VRR Price at Point a

[𝑅𝑒𝑙𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑚𝑒𝑛𝑡 ∗

100% + 𝐼𝑅𝑀 − 3%
] − 𝑆𝑇𝑅𝑃𝑇
100% + 𝐼𝑅𝑀

Equation 3: VRR Capacity at Point a

b) The price at point b is equal to the Net CONE divided by one minus the Pool-Wide
Average EFORd as shown in Equation 4. The capacity called for at point b is the
reliability requirement for the area in question multiplied by 100% plus the IRM plus
1% divided by 100% plus the IRM minus the STRPT as shown in Equation 5.
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𝑁𝑒𝑡 𝐶𝑂𝑁𝐸
1 − 𝑃𝑜𝑜𝑙-𝑊𝑖𝑑𝑒 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐸𝐹𝑂𝑅𝑑
Equation 4: VRR Price at Point b

[𝑅𝑒𝑙𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑚𝑒𝑛𝑡 ∗

100% + 𝐼𝑅𝑀 + 1%
] − 𝑆𝑇𝑅𝑃𝑇
100% + 𝐼𝑅𝑀

Equation 5: VRR Capacity at Point b

c) The price at point c is equal to 0.2 times the Net CONE divided by 1 minus the PoolWide Average EFORd as shown in Equation 6. Capacity called for at point c is the
reliability requirement for the region multiplied by 100% plus IRM plus 5% and
divided by 100% plus the IRM minus the STRPT.
0.2 ∗ 𝑁𝑒𝑡 𝐶𝑂𝑁𝐸
1 − 𝑃𝑜𝑜𝑙-𝑊𝑖𝑑𝑒 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐸𝐹𝑂𝑅𝑑
Equation 6: VRR Price at Point c

[𝑅𝑒𝑙𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑚𝑒𝑛𝑡 ∗

100% + 𝐼𝑅𝑀 + 5%
] − 𝑆𝑇𝑅𝑃𝑇
100% + 𝐼𝑅𝑀

Equation 7: VRR Capacity at Point c

A VRR curve as resulting from the above equations is illustrated in Figure 6.
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Figure 6: Illustrative Example of a VRR Curve (PJM, 2014a)

It is the intersection of the VRR demand curve with the offers of capacity into the RPM which
establishes the price of capacity in each auction.
Similar to the energy markets, a cost-based offer requirement exists in the RPM known as
the Preliminary Market Structure Screen (PMSS) which provides for market power
mitigation. If a resource provider exceeds 20 % market share, the Herfindahl-Hirschman
Index (HHI) is higher than 1800 for all resource providers, or there are not more than three
jointly pivotal providers then cost-based offers are mandated. Cost based offers are net of
any expected revenue from the Energy and Ancillary Services markets. As of 2010 no BRA
had been subject to market power mitigation. As such offers into the RPM have all been
market based without restriction. (PJM, 2009)
External Resources
External generation participating in the RPM auctions is subject to the capacity import limits
unless the resource provider requests and exception and meets three criteria. The three criteria
for exception to the capacity import limits are:
(1) “The external resource, at the time the exception is requested, is pseudo-tied or
committed to be pseudo-tied by the start of the auction Delivery Year.
(2) The external resource, at the time the exception is requested, has long-term firm
transmission service confirmed on the complete transmission path from such
resource into PJM.
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(3) The external resource, by written commitment of the Market Seller, is subject to a
capacity must offer requirement under the same obligations imposed to internal
generation resources by section 6.6 of Attachment DD of the OATT to offer into
RPM Auctions.” (PJM, 2014a)
2.2.3 Generation Compensation and Obligations
As mentioned above there is no mandate that resource providers participate in the RPM,
however there are definitely incentives. According to PJM, “the RPM Capacity Market is
designed to compensate suppliers for their going-forward costs that are not covered by
operating in the PJM Energy and Ancillary Service Markets.” (PJM, 2009)
Energy and Ancillary Services Markets
PJM operates Day-Ahead and Real-Time Energy Markets. Any resource which clears in any
RPM auction or is a part of a FRR plan must offer energy into the PJM Energy Markets. If a
resource is not selected to run in the Day-Ahead market it may revise the offer for
participating in reliability scheduling or the Real-Time energy market. All resources must
submit a cost based offer as calculated based on the methods outlined in PJM Manual 15:
Cost Development Guidelines. Cost based offers are subject to review by the Independent
Market Monitor (IMM). Resources may optionally also make a market-based or price-based
offer which is not limited by guidelines of a manual, but is capped at $1,000 / MWh. If a
resource is determined to have local market power due to transmission constraints, the lower
of the cost-based and any other offer will be used in market clearing. There is a mechanism
for scarcity pricing within PJM, however it only alleviates the cost-based offer requirements
in areas where high-voltage constraints are being experienced. The price cap at $1,000 /
MWh is still in affect within the scarcity pricing mechanism. (PJM, 2009)
In 1997, the $1,000 offer cap was originally set at a price which was felt well beyond possible
given the prices for fuel at the time. As prices rose and in the case of oil prices, nearly
quintupled, the offer cap has come under review again in 2014. This review has been
highlighted as necessary due to winter storms in January of 2014 causing record-setting gas
prices. On January 21, 2014 approximately 5,000 MW of energy was offered into the day-
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ahead market priced at $999 / MWh. Due to the cost based offer requirements as previously
discussed, this is a clear indication that operating costs were actually above the offer cap and
yet restrained. (PJM, 2014e)
A unique aspect within PJM is the Frequently Mitigated Unit (FMU) adders allowed within
the cost-based offers submitted by units. FMU adders were originally ordered by the Federal
Energy Regulatory Commission (FERC), prior to the implementation of the RPM, in
response to concerns that units which were frequently relegated to their cost-based offers
would not receive sufficient revenue. If a generator’s offers are capped more than 60% of its
running hours, it may employ a FMU adder of $20 in its cost-based offer. The FMU adder
increases as the percentage of time capped increases up to a maximum of $40. (PJM, 2009)
Generating resources within PJM may also participate in one of three ancillary services
markets: Regulating Reserves, Synchronized Reserves, and Day-Ahead Scheduling
Reserves. Additional sources of revenue separate from the capacity and energy markets
would include: Black Start Service, and Reactive Power and Voltage Control Service. As a
percentage of 2008 wholesale energy costs, ancillary services only accounted for 1.3%, while
capacity costs accounted for roughly 8% and energy costs provided for the bulk at 71%.
(PJM, 2009)
Offer Requirements and Barriers in the RPM
In order to be eligible to offer an existing generation unit into a PJM RPM auction a resource
provider must (PJM, 2014a):


Ensure that the unit meets generation deliverability tests as mandated by PJM.



Submit operating and maintenance information into the electronic Generation
Availability Data System (eGADs) and the electronic Dispatcher Application and
Reporting Tool (eDART) for the unit.



Perform winter and summer capability testing as outlined in the PJM rules and
procedures.
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Be a signatory of the PJM Operating Agreement and submit the resource into the
eRPM system.



Ensure that the unit is not a part of a FRR for the delivery year of the auction.



For Incremental Auctions, ensure that the unit has participated in the associated Base
Residual Auction.

The majority of requirements for a unit to be eligible for a RPM auction would not be
considered onerous to a resource provider or a barrier to transition between markets. Ensuring
that a unit meets generation deliverability tests requires little to no action on the resource
providers part as PJM pre-certifies units that pass the test. The deliverability tests are
performed annually and consist of simulations of areas where system adequacy may be a
concern. The areas are assumed to be at peak load and the export capacity is analyzed. Should
the export capacity of a region be deficient, resources within that region may need to acquire
firm transmission rights in order to remain eligible for participation in the RPM. (PJM,
2014c)
Submitting generator operating data into the eGADs and eDART systems would be required
of most any generator operating in a market environment. Most resource operators should
already be tracking the detailed information regarding the operation of their generating units
and most resources should already have some sort of capability testing performed.
Being a signatory of the PJM Operating Agreement does not necessitate that resources are
offered into the RPM and therefore would not be a barrier to entry or exit. Just as ensuring
that the resource is not being utilized elsewhere, such as an FRR, is a very standard practice
in industry.
The primary obligation of interest to a potential analysis of barriers to movement of capacity
is the necessity to participate in the Base Residual Auction in order to participate in any of
the subsequent Incremental Auctions. The requirement that a resource offer capacity three
years in advance of delivery creates a very real barrier to transitioning of resources in that it
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must be a long term plan. Resource providers who wish to transition resources into or out of
the RPM must do so on a three year horizon.
Importing and Exporting Capacity in the RPM
In addition to the requirements outlined above for participation in the RPM, a resource
provider offering external capacity must (PJM, 2014a):


Provide an indication of the Available Transfer Capability path which the unit will
utilize to import capacity to the PJM region. Actual firm transmission rights are not
required until the start of the delivery year.



Provide twelve months of operating data.



Establish an RPM Credit Limit if no firm transmission rights are currently in place.



Provide an assurance of non-recallability which states that the unit does not have an
obligation to provide capacity or energy to another market.



Provide a communications path for dispatching by and communications with
operating personal at PJM

Once again the additional requirements do not appear to place an undue barrier to external
resource participation in the RPM. The flexibility regarded the procurement of the firm
transmission rights allows for participation in the auction without incurring costs which
would provide no benefit if a resource did not clear in any auction.
In regards to exporting capacity, generally point to point transmission service is required by
external market rules in order to offer a capacity resource into an external area from PJM just
as is required by the RPM as outlined above. In addition to any requirements of the zone the
capacity will export to, PJM charges a daily Capacity Export Charge for each day of the
Delivery Year which the resource is designated as an external resource. This Capacity Export
Charge, as detailed in Equation 8, is equal to the Reserve Capacity of Long-Term Firm
Transmission Service (in MW) used in the export of the resource, or the “Export Reserved
Capacity”, multiplied by the difference in capacity price from the zone adjoining the desired
export area (“Exporting Zone”) and the zone in which the exported resource is physically
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located (“Location Zone”). This charge is offset by a credit to recognize the value of any firm
transmission rights owned by the exporting resource. As outlined in Equation 9, this credit is
equal to the difference in capacity price in the Exporting and Location Zones as described
above multiplied by the exporting resources allocated share of exports. This allocated share
is equal to the total capacity imported to the Exporting Zone (“Export Path Import”)
multiplied by the Export Reserve Capacity and divided by the Export Reserved Capacity plus
the total unforced capacity obligations of all LSEs in the export zone (“Zone Capacity
Obligation”). Thus, in addition to filings mandated by PJM to remove an existing capacity
resource from internal obligations, any capacity resource in PJM wishing to export to an
external region must meet the obligations of that region and be sure to include the expense
of exporting from PJM. (PJM, 2014b)
𝑅𝑒𝑠𝑒𝑟𝑣𝑒𝑑 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 ∗ (𝐸𝑥𝑝𝑜𝑟𝑡𝑖𝑛𝑔 𝑍𝑜𝑛𝑒 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑃𝑟𝑖𝑐𝑒 − 𝐿𝑜𝑐𝑎𝑡𝑖𝑜𝑛 𝑍𝑜𝑛𝑒 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑃𝑟𝑖𝑐𝑒)
Equation 8: Capacity Export Charge
𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑃𝑟𝑖𝑐𝑒 𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 ∗ [

𝐸𝑥𝑝𝑜𝑟𝑡 𝑃𝑎𝑡ℎ 𝐼𝑚𝑝𝑜𝑟𝑡 ∗ 𝐸𝑥𝑝𝑜𝑟𝑡 𝑅𝑒𝑠𝑒𝑟𝑣𝑒𝑑 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦
]
𝐸𝑥𝑝𝑜𝑟𝑡 𝑅𝑒𝑠𝑒𝑟𝑣𝑒𝑑 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 + 𝑍𝑜𝑛𝑒 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑂𝑏𝑙𝑖𝑔𝑎𝑡𝑖𝑜𝑛

Equation 9: Capacity Export Credit

Capacity Auction to Energy Market Offer
As discussed in Section 2.2.2 and outlined in Figure 4, a resource would have at least 4
opportunities to clear in an auction of the RPM. These opportunities could result in an
obligation to offer energy into the markets of PJM three years, twenty months, ten months or
three months ahead of the delivery date. Should a resource clear in any of the auctions of the
RPM it would then have a must offer requirement for the delivery year. This must offer
requirement would result in the resource participating in the energy markets of PJM
exclusively.
The bidding and operations timeline of the PJM Energy Markets is illustrated in Figure 7. As
shown, a unit with a must offer requirement would submit a bid at 12:00 the day before the
operating day. At 16:00, a schedule would be published which informs the resource of its
commitments for the operating day. Based on that schedule a resource would have the option
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to participate in the balancing market from 16:00 to 18:00. From 18:00 until the actual start
of the operating day additional commitment simulations may be run in order to adapt to
changing load forecasts and other issues. This could further impact the resources
commitment during the operating day. (PJM, 2014d)

Figure 7: Bidding and Operations Timeline of PJM Energy Market

Even if it were chronologically possible for a resource to bid in two energy markets
simultaneously, capacity market rules often preclude this option.
2.2.4 Overview
As summarized by Bowring, “The basic elements of the RPM capacity market design
included the definition of capacity as an annual product, a must offer requirement for all
capacity resources, a must buy requirement for all load, the recognition that capacity is a
physical product, performance incentives and a net revenue offset as the link between energy
and capacity markets. The RPM design included a sloped demand curve with defined
inflection points, a three year forward procurement, a locational market definition, and
market power mitigation rules.” (Bowring, 2013)
As a summary of the market history outlined within this section Figure 8 provides a timeline
of capacity market changes within PJM. The market constructs within PJM have changed
dramatically since the start of market operations on April 1st, 1997. From a gray market for
capacity at market launch to the daily capacity market construct of the CCM in 1999 and
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culminating in the launch of the still evolving current capacity market construct of the RPM
in 2007.

Figure 8: PJM Capacity Market Development

While there do not appear to be many barriers to entry and exit of generation within the PJM
region or indeed the RPM, there is certainly a commitment to provide resources that prevents
the completely free movement of resources into and out of PJM. With the long time lines
involved in the planning and resource adequacy processes this is most likely a necessary
inefficiency.
Overall the RPM appears to be meeting its intended purpose. As recited by PJM the RPM is
intended to “align capacity pricing with system reliability requirements and to provide
transparent information to all market participants far enough in advance for actionable
response to the information.” (PJM, 2014a) At the very least the capacity prices outlined for
PJM from 1999 – 2018 in Figure 9 indicate that the RPM appears to have adequately
addressed the original revenue sufficiency concerns that spurred its early development.
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Figure 9: PJM Capacity Market Prices - 1999 – 2018 (Monitoring Analytics, 2014b)

2.3

Midcontinent ISO (MISO)

The Midcontinent (formerly Midwest) ISO or MISO serves a large region of the United
States ranging from Minnesota and the Dakotas in the north, down to Louisiana and
Mississippi in the south. There is a distinct division of areas within MISO between the Market
Area and Reliability Coordination Area. The Market Area containing the organized
wholesale markets is operated in 11 states mainly within the Midwest. The Reliability
Coordination Area contains portions of 15 states throughout the entire central portion of the
United States and portions of Canada. The MISO market area’s peak demand for July 2012
was 98,576 MW and the current generating capacity is 131,522 MW. (MISO, 2013)
As shown in Table 3 MISO has a similar breakdown of nameplate capacity by fuel type as
PJM, with around 40% of capacity being coal fired and over 30% gas fired.
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Table 3: MISO Generation by Fuel Type (Potomac Economics, 2014)

Share of Nameplate
Fuel Type
Capacity
Other
3.6 %
Oil
1.4 %
Gas
37.4 %
Coal
42.2 %
Nuclear
7.7 %
Wind
7.7 %

At present MISO operates day ahead and real time spot markets with Locational Marginal
Pricing, a planning resource auction, ancillary services market and Financial Transmission
Rights market. As MISO underwent multiple name changes throughout the period under
review for this work, the abbreviation MISO will be used regardless of the name during the
period being discussed.
2.3.1 Market History
MISO’s stated goal is the assurance of electric reliability in all time frames and facilitation
of efficient operations and planning. (Michael Robinson, 2013) MISO’s early priorities were
focused on improvements likely to have the most impact on regional efficiency. With this set
of priorities a system-wide Resource Adequacy Requirement (RAR) was developed and
implemented over the course of the first four years of market operations. (FERC, 2008)
MISO’s initial Open Access Transmission and Energy Market Tariff (TEMT) contained a
Module E titled Resource Adequacy. The Federal Energy Regulatory Commission (FERC)
of the United States conditionally approved the TEMT on August 6, 2004. With that
conditional approval FERC also approved the proposed Module E as “a ‘short-term transition
mechanism’ to help ensure reliability throughout the [MISO] footprint”. At the same time,
FERC ordered MISO to develop a long-term resource adequacy plan. (FERC, 2008)
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As ordered, MISO filed a proposal on October 5, 2004 to develop a more permanent resource
adequacy plan by June of 2006. The conditionally approved Module E would act as the
interim resource adequacy plan. (FERC, 2008)
On December 28, 2007, MISO filed proposed revisions to the TEMT including revisions to
Module E. These revisions addressed the need for a long-term resource adequacy plan by
proposing implementation of a Resource Adequacy Requirement (RAR). The revisions were
accepted and became effective March 27, 2008. The RAR mandated that any Load Serving
Entity (LSE) participating in MISO markets would need to maintain sufficient planning
resources. These resources could include generation capacity, either owned or contracted, or
demand response and would be used to meet an obligation equal to the LSE’s forecasted peak
monthly loads plus the MISO established Planning Reserve Margin. (FERC, 2008)
During the initial stages of the MISO RAR there was still concern amongst MISO member
states, the states where market members were located, that MISO’s requirement would usurp
state control. In initial Module E filings MISO was careful to ensure that the “right of states
to establish Planning Reserve Margins (PRM)” was respected. Should a state set a PRM
higher or lower than the MISO established PRM that PRM would be in effect for the LSEs
under that states authority. (FERC, 2008)
Evidence of divided opinion amongst MISO members regarding capacity markets and
resource adequacy are apparent in the FERC Order conditionally approving revisions to
Module E which implemented the RAR in 2008. At least two market members argued that a
central capacity market should be created in order to address resource adequacy concerns
urging the commission not to approve the revisions without a capacity market. Other market
members made statements that the proposed revisions would not result in incentives for the
construction of new capacity, further raising concerns that there was no showing that the PJM
RPM and the present proposal were compatible. Another market member argued baring any
compliance incentives, a market structure similar to the PJM RPM would be necessary. Still
other market members argued that, at the least, a centralized trading mechanism for capacity

37

should be implemented. Perhaps the sentiment of the dissenting parties could be best
summarized by arguments which stated that the proposed revisions lacked “a viable surrogate
for the benefits and safeguards of forward-looking capacity markets” (FERC, 2008)
On the other side of the capacity market issue, market members stated that they would
withdraw support of the revisions if a capacity market were mandated, generally supporting
the revisions and urging their approval by the Commission. Those same members voiced
concerns that the present proposal could be used as a “springboard to move to a capacity
market” similar to the PJM construct. Members also voiced concerns that the implementation
of a capacity market like that of PJM would result in skyrocketing capacity prices as was
seen after the launch of the PJM RPM and illustrated in Figure 9.
Despite early opposition, MISO operated an energy only market with an annual resource
designation requirement as outlined under the revised Module E with the only major revisions
being the implementation of a Voluntary Capacity Auction (VCA) in 2009. The first VCA,
termed a RAR Auction in filings, was held on April 25, 2009. (MISO, 2009) The VCA was
an auction held five days prior to LSE’s mandatory monthly filing deadlines in which LSEs
designated the resources which would meet their monthly reserve requirements. The VCA’s
purpose was “to allow LSEs the opportunity to obtain the necessary capacity to meet their
RAR for a given month and to permit Market Participants desiring to sell capacity to submit
offers through the RAR Auction.” (MISO, 2009) MISO now operated an auction which could
provide price signals to generation and facilitated the transfer of resources between market
members, however the VCA was certainly not a true centralized capacity market.
The primary function of the VCA was to facilitate easier trading of approved capacity
between load serving entities. MISO provided unforced capacity (UCAP) values for all units
which qualified for use in the resource adequacy process. The UCAP value of approved
resource could then be converted to Planning Resource Credits (PRC) wherein MISO would
ensure that the product was deliverable and meet other requirements. These PRCs created a
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more fungible product which could be used to meet reserve requirements and traded in the
VCA. (MISO, 2012)
Representative of one MW of qualified unforced capacity over the course of a month, PRCs
were tracked via a Module E Capacity Tracking (MECT) tool. Any type of resource from
typical generation, intermittent generation and demand resource could qualify as a resource
for use in the MISO Resource Adequacy construct. Based on required submissions of
operations and outage date, MISO would provide the UCAP value for each unit which a
provider could then convert into PRC. There were three types of PRCs, Aggregate, Local and
External. An Aggregate PRC was a PRC which was determined by MISO to be deliverable
to any load within the MISO footprint, with Local PRCs being reserved for those resource
without an aggregate deliverability status. Finally External PRCs were PRCs associated with
a resource external to the MISO footprint which had both firm transmission to the MISO
border and within MISO to a specific commercial pricing node. The MECT, in addition to
tracking the conversion of resources to PRCs, tracked the transfer of PRCs between market
participants and allowed LSEs to designate the resources which would fulfil their resource
adequacy obligations. (MISO, 2012)
As seen in the results of the MISO VCA from 2010 – 2012 in Figure 10 and Figure 11, the
clearing price for capacity within the MISO footprint was very low relative to PJM RPM
clearing prices during the same time frame as illustrated in Figure 9. Throughout 2011 prices
were only above $0 / MW-month in January.
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Figure 10: Midwest ISO VCA Results (Potomac Economics, 2012)

Figure 11: MISO VCA Results (Potomac Economics, 2013)

In summary, the development of MISO’s resource adequacy construct over time is illustrated
in Figure 12.
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Figure 12: MISO Resource Adequacy Development

2.3.2 Present Capacity Market Model
In April of 2013 MISO launched the Planning Resource Auction (PRA) which replaced the
VCA. Conducted in April approximately two months before the start of the planning year,
the PRA procures capacity for the following planning year only.
Location Considerations
“MISO developed Local Resource Zones (LRZ) to reflect the need for an adequate amount
of Planning Resources to be located in the right physical locations within MISO Region to
reliably meet Demand and LOLE requirements.” Each year MISO publishes the LRZ
definitions before September 1st. These zones are based on an analysis which takes into
account: electrical boundaries of Local Balancing Authorities, state boundaries, transmission
interconnections, previous LOLE study results, relative size of the LRZs, and the market
seams. The zones as established for the 2014 planning year are outlined in Figure 13. (MISO,
2014c)
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Figure 13: MISO LRZs for Planning Year 2014 (MISO, 2014c)

Within MISO Capacity Import and Export Limits (CILs and CELs) for each Local Resource
Zone are defined via analysis which derives source information from the MISO Transmission
Expansion Plan (MTEP). The MTEP is a yearly study which analyzes market performance
based on planned capacity additions and provides for a least cost reliable system expansion
over the planning horizon. The analysis which defines the Local Resource Zones also
provides a list of constraints and their corresponding impacts for review by MISO
stakeholders. (MISO, 2014c)
A Local Reliability Requirement (LRR) is then established for each LRZ equivalent to the
amount of capacity necessary for the zone to maintain a 0.1 day-per-year LOLE without
outside assistance. If a zone does not have sufficient resources, proxy resources are added
until the LOLE target is reached. Once the LRR is established it is adjusted by the import
limit for that zone and results in a Local Clearing Requirement (LCR). (MISO, 2014c)
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Reserve Margin Requirements
Similar to PJM, a yearly assessment is performed by MISO to establish a Planning Reserve
Margin (PRM) and locational requirements. This Loss of Load Expectation (LOLE) study
seeks to determine the planning reserve requirements necessary to maintain a reliability level
equivalent to one day in ten years or 0.1 day per year. The LOLE study uses the Coincident
Peak Demand as submitted by Local Balancing Authorities (LBAs) as a basis for the study,
including load forecast uncertainty as calculated using historical analysis. Further inputs to
the LOLE study include internal transmission limitations, forced and planned outage rates of
resources, predicted performance of load modifying and energy efficiency resources, and
export and import limitations to external regions. The results of the LOLE study are published
by November 1st prior to the planning year consisting of June 1 through May 31. This
publication includes not only the next planning year’s requirement, but a forecast of the
requirements over the next nine planning years. However, the next year planning requirement
is the only enforceable quantity. (MISO, 2014c)
MISO also uses the widely accepted notations of Installed Capacity (ICAP) and Unforced
Capacity (UCAP) in their LOLE studies and PRM. The Planning Reserve Margin is initially
calculated as an ICAP and converted to a UCAP value by summing the unforced capacities
of the resources used to meet the reliability requirement in the simulation software for each
region. The planning reserve margins on an ICAP and UCAP basis over the last five planning
years can be seen in Table 4. (MISO, 2014c)
Table 4: MISO Planning Reserve Margins from 2009 – 2014 (MISO, 2014c)

Planning
Year
2009-2010
2010-2011
2011-2012
2012-2013
2013-2014

Coincident Load
Requirement
(UCAP)
7.89 %
7.74 %
8.76 %
8.80 %
6.20 %

System Wide Forced
Outage Rate
(XEFORd)
6.51 %
6.64 %
7.36 %
6.77 %
6.46 %

Coincident Load
Based
(ICAP)
15.40 %
15.40 %
16.10 %
16.70 %
14.20 %
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The Planning Reserve Margins established through the study process are translated to
requirements for individual Load Serving Entities via Equation 10 which calculates the
Planning Reserve Margin Requirement (PRMR).

𝑷𝑹𝑴𝑹𝑳𝑹𝒁 = ∑ {(𝑪𝑷𝑫𝒇 − 𝑭𝑹𝑷 + 𝑭𝑹𝑺) ∗ (𝟏 + 𝑻𝑳%)
𝑳𝑩𝑨

𝑳𝑪𝑹𝑳𝑹𝒁
∗ 𝑴𝒂𝒙 [(𝟏 + 𝑷𝑹𝑴𝑹𝑻𝑶 ), (
)]}
𝑪𝑷𝑫𝒇𝑳𝑹𝒁
Equation 10: MISO PRMRLRZ (MISO, 2014c)

Each Local Balancing Authority in MISO may have differing assumptions on transmission
losses and each Local Resource Zone (LRZ) may have different clearing requirements.
Therefore the PRMR is a summation of all load an LSE serves within an LRZ within the
various LBAs of that region. An LSE may have multiple PRMRs due to serving load in
multiple LRZs. (MISO, 2014c)
As outlined in Equation 10, the Coincident Peak Demand forecast (CPDf) is adjusted for any
Full Responsibility Purchases or Sales (FRP and FRS) to arrive at the amount of peak demand
the LSE will be responsible for serving. That peak demand responsibility is then multiplied
by one plus the percent Transmission Losses (TL) in that LBA. This provides an estimate for
the total demand seen by the system due to that LSE’s projected load within the LBA. This
projected load is multiplied by the greater of the Planning Reserve Margin established for the
entire MISO system or the LSE’s pro rata share of the Local Clearing Requirement for the
LRZ. This calculation is performed for all load an entity serves within an LRZ on an LBA
by LBA basis and summed to arrive at the total clearing requirements for the LSE within that
LRZ. (MISO, 2014c)
Load Serving Entities
Under the current and previous reliability constructs LSEs within MISO have an obligation
to provide a 50/50 forecast of their forecasted peak demands including distribution losses.
This forecast should have a 50 % probability of being exceeded and a 50% probability of
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exceeding the actual peak demand. Under the present construct the peak demand forecast
should be provided at the time of coincident peak as determined and published by MISO in
addition to a non-coincident peak demand and energy forecast. The non-coincident forecast
is used for compliance with FERC reporting and not fed into the resource adequacy process.
The coincident forecast should consider, among other things, historical weather conditions,
economic forecasts and expected load changes. The coincident forecast is reported to the
Local Balancing Authority (LBA) and used to determine a LSE’s Planning Reserve Margin
Requirement (PRMR) as described in the previous section. Forecasts must be submitted to
MISO by the 1st of November prior to each planning year. Forecasts are reviewed by MISO
to determine the adequacy of the forecast methodology and reasonableness of submitted
forecasts. (MISO, 2014c)
In addition to submitting load forecasts, each LSE within MISO is responsible for obtaining
firm Transmission Service for the load it will be serving. Load which is external to the
integrated network of MISO must have firm Point-to-Point transmission service or a
Grandfathered Agreement. This transmission requirement is waived if an LSE meets its RAR
requirements using only Behind-the-Meter Generation (BTMG), Demand Resources (DRs)
or Energy Efficiency Resources (EERs) which would not require the use of the MISO
transmission system. (MISO, 2014c)
Full responsibility purchases and sales (FRP and FRS) are available as options to LSEs within
MISO to transfer responsibility for load. Should an LSE wish to transfer responsibility for a
load which is not subject to retail choice switching they may enter a full responsibility sale
and the purchasing party enters an associated full responsibility purchase. Responsibility to
service the load is then transferred to the purchasing party and the reserve margin requirement
of each party is adjusted appropriately. (MISO, 2014c)
MISO allows for the use of owned generation and bilateral agreements through Fixed
Resource Adequacy Plans (FRAPs). FRAPs contain resources which an LSE has contractual
rights to or ownership of and are submitted to the Module E Capacity Tracking Tool (MECT)
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in the beginning of March prior to the start of the planning year. The resources within the
FRAP will offset the LSE’s PRMR for the zone which they are located. Any portion of an
LSE’s PRMR not fulfilled by a unit designated in a FRAP will be cleared in the PRA or a
Capacity Deficiency Charge will be levied. (MISO, 2014c)
There are multiple hedging options within MISO for LSEs. Grandmother Agreements
(GMAs) allow LSEs a financial hedge against price differentials in LRZ Auction Clearing
Prices (ACPs). GMAs have a limited availability and negate negative impacts of adding
locational requirements in the resource adequacy process. Under these agreements, if a LSE
has contractual rights to a capacity resource located within a Locational Resource Zone with
a higher clearing price than the zone where the LSE’s load is located, the agreement will
negate the price difference. (MISO, 2014c)
Another form of hedging available to load serving entities within the MISO resource
adequacy process is a hedge on the Zonal Deliverability Charge (ZDC). “The ZDC is the
difference between the ACP in the LRZ where the LSE has [a] PRMR obligation and the
ACP in the LRZ where the LSE[’s] Planning Resources are located times the volume of
Planning Resources in the LRZ where their resources are located.” ZDC hedges are available
to those LSEs which invest in upgrading or expanding the transmission system. (MISO,
2014c)
Price Setting
MISO conducts the annual Planning Resource Auction (PRA) as a sealed bid auction at the
beginning of April prior to the start of the planning year. The PRA determines the Auction
Clearing Price for each LRZ and will clear enough Zonal Resource Credits to satisfy the
PRMR for the LSEs within each LRZ or up to the total ZRCs offered within the auction. Any
PRMR which is being met by a Capacity Deficiency Charge will be excluded from the
auction. (MISO, 2014c)

46

The Capacity Deficiency Charge (CDC) allows LSEs the option to reduce their clearing
requirements in the PRA. The CDC is 2.748 times the Cost of New Entry (CONE) for the
LRZ which the LSE seeks to lower their clearing requirement. The CONE values for each
LRZ for the 2014-2015 planning year are illustrated below in Table 5.
Table 5: MISO Cost of New Entry Values for Planning Year 2014-2015

Local Resource Zone

Cost of New Entry

Local Resource Zone 1

$ 89,500

Local Resource Zone 2

$ 90,320

Local Resource Zone 3

$ 88,450

Local Resource Zone 4

$ 89,890

Local Resource Zone 5

$ 91,610

Local Resource Zone 6

$ 89,670

Local Resource Zone 7

$ 90,100

Local Resource Zone 8

$ 85,990

Local Resource Zone 9

$ 86,530

Collected Capacity Deficiency Charge revenues are distributed to LSEs in the associated
LRZ on a pro rata basis by amount clearing in the PRA. If the LRZ in which a LSE has
utilized the CDC fails to clear sufficient resources to meet its LCR, the CDC revenues are
distributed only to those LSEs which did not utilized the CDC option. (MISO, 2014c)
During the end of the March prior to the planning year, resources must be offered into the
MECT. Offers are entered as a maximum of five quantity and price pairs expressed in dollars
per megawatt-day down to the tenth of a megawatt. Offers into the PRA are capped at the
CONE value for the zone the offers are entered. These offers are then aggregated to form
supply curves for the LRZs. The supply curves coupled with import and export constraints,
local clearing requirements, and other inputs will be used to form a least cost solution to the
adequacy requirements of each zone. (MISO, 2014c)
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Resource Providers
Resources within MISO are classified into three categories. Capacity Resources are electrical
generating units and dispatchable resources located within and external to the MISO
footprint. Demand Response Resources (DRR) which are available when called upon to
reduce the demand seen by the MISO system in real time are also considered Capacity
Resources. All capacity resources are quantified in terms of UCAP based upon historical
outage characteristics or performance. (MISO, 2014c)
Load Modifying Resources are comprised of Behind-the-Meter Generation (BTMG) and
Demand Resources (DR) which may be utilized during emergencies declared by MISO. The
primary difference between DR and DRR is that DRR participate in the day ahead and real
time markets and may be dispatched economically without the need to declare an emergency.
(MISO, 2014c)
The final category of resources within MISO is Energy Efficiency Resources which are
typically programs which provide for a reduction in energy usage on a retail customer basis.
These resources are exemplified by systems which control heating or air conditioning loads
during peak hours in exchange for a discount in the energy price. (MISO, 2014c)
Similar to PJM there does not appear to be an obligation for a resource owner to offer their
resource into the PRA.
Auction Timing
Bids into the PRA are entered at the end of March and the auction finalized during April prior
to the planning year ten business days after the auction window is closed. Three months after
the completion of any PRA, the anonymized results are published to the MISO website.
2.3.3 Generation Compensation and Obligations
Obligations for generation participating in the PRA are similar to those for resource
participating in PJM’s RPM. Registration of resources and commitment times are again
similar but differ in important ways.
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Offer Requirements and Barriers in the PRA
While a Market Participant (MP) can use any category of planning resource to fulfill their
Resource Adequacy Requirement through the use of a Fixed Resource Adequacy Plan
(FRAP), the resources may also be sold bilaterally or through the Planning Resource Auction
(PRA). Planning resources which clear in any auction of the PRA or are otherwise designated
to meet an LSE’s PRMR have an obligation to provide capacity for the entire planning year
in which they clear unless a replacement resource is designated. This must-offer requirement
is met by offering the capacity into the day ahead and real time markets. (MISO, 2014c)
Similar to PJM, most generation resources must submit outage data to MISO through a
Generation Availability Data System (GADS) provided the resources have a capacity greater
than 10 MW. This outage data will be used to calculate the equivalent forced outage rate
under demand (XEFORd). Additionally all planning resources within MISO regardless of
size must comply with capacity verification guidelines. Only capacity resources have a must
offer requirement in the day ahead markets provided that the resources are used in a FRAP
or have cleared in a PRA, including intermittent capacity resources which must offer into the
market as price takers. (MISO, 2014c)
Table 6: MISO Planning Resource Requirements (MISO, 2014c)

Capacity Verification
Must Offer
GADS Data Entry
Must Response to
Emergency Operating
Procedures

Capacity Resource
Load Modifying Resource
Demand
Response
Demand
Energy
Generation Resource BTMG Resource Efficiency
x
x
x
x
x
x
x
x
x

x

x

x

x

In order for a generation resource to qualify within MISO as a capacity resource it must be:
registered with MISO, deliverable to load within the MISO region either through bulk
deliverability or firm transmission rights, and submit GADS data provided the resource’s
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capacity is equal to or greater than 10 MW. All resources which qualify as a planning
resource must submit a Generation Verification Test Capacity (GVTC) by October 31st prior
to the planning year the resource qualified. The GVTC is a peak output verification
performed or verified by data acquired during year immediately preceding the GVTC
deadline. If a resource was not previously registered as a planning resource within MISO or
was absent from the MISO registered resource roles for a period a real power test is required.
(MISO, 2014c)
Importing and Exporting Capacity in the Planning Resource Auction
External resources may participate in the PRA provided they are registered with MISO
through the MECT for the upcoming planning year. Registration of existing external
resources must be completed by February 1st with an extension to March 1st for new
resources. Existing resources must also provide GVTC results by October 31st prior to the
planning year. (MISO, 2014c)
Registrations of external generation certify that the registering entity is providing accurate
and complete information and that the resource is not being registered by another entity in
MISO or another region. Further requirements on external generation include: firm
transmission to the border of the MISO region and to the LBA where the resource is sought
to be designated. Similar to internal resources, external resources must also submit GVTC
data as mentioned and if the capacity is greater than 10 MW provide outage data. Only
Market Participants may register external resources within MISO. Just like internal
resources, external resources have a must offer requirement within MISO. (MISO, 2014c)
Capacity Auction to Energy Market Offer
The must-offer requirement in MISO is such that every capacity resource which clears in a
PRA or is a part of a FRAP must make an offer in the day-ahead and first post day-ahead
reliability assessment commitment (RAC) for every hour of every day unless the resource is
on outage as reported to the MISO outage scheduler. This offer must equal the amount of
cleared ZRCs divided by (1 – XEFORd). (MISO, 2014c)
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2.3.4 Overview
For the 2013/2014 planning year the MISO Planning Resource Auction cleared at $1.05 per
MW-day. Low offers of capacity concerned with clearing in the market and capacity import
limits to each zone equaling between 20 and 60 percent of the zone’s total load likely account
for the very low clearing price. (MISO, 2014e) However, as can be seen in Table 7 outlining
the results of the Planning Reserve Auction for planning year 2014/2015, the auction prices
were not much higher the next year. MISO Capacity Market prices are still only roughly 10%
of the prices clearing in the PJM markets.

LRZ
Clearing Requirement
Total Offers
Total FRAP Alternative
Cleared + FRAP
ACP ($ / MW-Day)

Eastern WI,
Upper MI

States

MN, ND,
Western WI

Table 7: Planning Reserve Auction Results for Planning Year 2014/2015 (MISO, 2014d)

IA

Z1

Z2

Z3

Z4

Z5

18,236
7,045
12,620
19,665
3.29

13,504
2,879
12,352
15,231
16.75

9,628
9,520
391
9,911
16.75

10,616
11,370
874
12,244
16.75

8,884
387
7,722
8,109
16.75

MI

AR

States
IN, KY
LRZ
Z6
19,404
Clearing Requirement
17,985
Total Offers
Total FRAP Alternative 1,846
19,831
Cleared + FRAP
16.75
ACP ($ / MW-Day)

IL

MO

LA, MS, TX

Z7

Z8

Z9

22,998
15,190
8,449
23,639
16.75

8,417
9,406
397
9,803
16.44

25,224
25,996
2,372
28,368
16.44

System
136,911
99,778
47,023
146,801
14.87

While these price differences cannot be seen as a market failure they would certainly seem
to indicate that resource providers would much prefer to offer into the PJM market if at all
possible. Without capacity mobility issues either due to physical system limitations or market
rules, a resource provider’s capacity market revenues would be much higher in the PJM
markets.
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3

ANALYSIS AND COMPARISON OF MARKET SYSTEMS

This section will analyze the basis for the formation of the capacity market constructs as well
as examine critiques of the current constructs.
3.1

Conditions that Necessitate Capacity Markets

Capacity market mechanisms are called for when energy markets do not provide adequate
incentive to maintain system reliability. This can be due to price caps or inadequate scarcity
pricing, poor integration of demand response, payments to resources external to the market
causing oversupply such as tax incentives or feed in tariffs, or other market inefficiencies.
The most cited reason appears to be that there is a preference for reliability at a level above
what energy and ancillary markets would naturally provide. There is little political will to
abide by scarcity pricing or outages that, while a symptom of an efficient market, are
extremely unpopular amongst the populace. (Pfeifenberger, et al., 2014)
The implementation of price caps often creates what is often called a “missing money
problem”, wherein the price of energy is not allowed to reach a level necessary to sustain
development of the system. The artificially depressed price, only experienced during times
of shortage, is not sufficient to pay for the cost of new entry for that region. As can be seen
in Figure 14, as reserve margins erode the energy margins slowly rise to meet the CONE
value, however, if regulations necessitate reserve levels above the point where the price
capped energy margins and CONE meet, investment will be hindered.
In Figure 14, showing a hypothetical study Regional Transmission Operator with 50,000 MW
of load and substantially similar neighbors averaging 3,600 MW of intertie, even a $7,500 /
MWh price cap would hinder expansion of the system until reserve levels were well below 9
% and reliability levels well below the preferred targets. (Pfeifenberger, et al., 2014)
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Figure 14: Missing Money Problem at Various Reserve Levels (Pfeifenberger, et al., 2014)

3.2

Critiques of Current Market Designs

Both the Independent Market Monitors (IMM) and independent sources have critiqued the
present capacity market designs of PJM and MISO. While issues have been identified which
have a large impact on market price and volatility, most sources seem to agree that the
markets are progressing in the right direction.
3.2.1 PJM
As shown in Section 2.2.1, the PJM capacity market constructs were established to address
a lack of scarcity pricing due to price caps and the associated loss of revenues due to those
caps. Scarcity prices are typically intended to flow from either the energy market absent price
caps or from a capacity market. As PJM phases in higher price caps during periods of low
reserves the capacity market design should reflect this change. (Bowring, 2013)
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Within the RPM, should a unit fail to deliver energy when called upon, fifty percent of RPM
revenues may be withheld from that unit. The PJM IMM’s Market Monitoring Unit (MMU)
is recommending that the entire RPM revenue should be at stake should a unit not be able to
produce energy when called upon during critical hours. (Monitoring Analytics, 2014b)
Another critique of the RPM from both the PJM IMM, Monitoring Analytics, and other
sources is the use of the 2.5% demand reduction in the BRA as mentioned in Section 2.2.2.
The IMM has gone as far as to recommend the immediate termination of the 2.5% demand
reduction practice. (Monitoring Analytics, 2014b)
As seen in Figure 15, this shift in demand within the BRA has a large impact on the clearing
price. Initially implemented to allow for the use of Demand Response which was said to have
a shorter lead time, this shift will substantially lower capacity market revenues, by as much
as 21 percent as seen in the 2015/2016 BRA. (Bowring, 2013)
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Figure 15: Impact on BRA of 2.5 % Demand Shift (Bowring, 2013)

3.2.2 MISO
Certain sources have criticized MISO’s present capacity market construct for only operating
on a year-by-year basis and thus not providing necessary and valued information for a longer
planning horizon. Of special concern appears to be regions which are shifting to retail choice
and thus will require independent power producers to expand system capacity. (Newell, et
al., 2014)
This concern is echoed by resource providers who are concerned with revenue sufficiency.
Exelon has voiced concerns that the voluntary and short term nature of the Planning Resource
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Auction, coupled with an apparent lack of mitigation for “buyer-side market power” will
hinder system expansion. (Restructuring Today, 2014)
While the PRA construct allows for prices to diverge in various areas of MISO and reflect
local capacity shortages, the Independent Market Monitor (IMM), Potomac Economics,
highlights three significant issues with the present design. First, the vertical demand curve
within the PRA establishes clearing prices close to zero in excess capacity situations and at
the price cap in true shortage situations. The IMM has recommend implementation of a
sloped demand curve in the resource adequacy process of MISO since at least 2011. (Potomac
Economics, 2012) (Potomac Economics, 2013) The second issue raised by the IMM is
barriers to trading of capacity between MISO and PJM. Cited barriers include PJM provisions
which limit transmission access in addition to the obligations capacity external to PJM
experience should they participate in the PJM market. Finally, barring participation of
suspended resources and those resources slated to be retired does not allow for valuation of
all resources and impedes the planning process of resource providers. (Potomac Economics,
2014)
3.3

Major Differences

Prior to the implementation of MISO’s PRA, there was only a bilateral market for capacity
created by the resource adequacy requirements and a voluntary auction. With the
implementation of the PRA a mandatory auction was established with the option for bilateral
agreements.
The PRA only provides for procurement of capacity a few months before the delivery year
and includes a vertical demand curve. In contrast, the PJM RPM provides for procurement
of capacity three years prior to the delivery year through the BRA and also closer to the
delivery year via the incremental auctions while utilizing a sloped demand curve.
While these design differences may not be the primary reason, there is a substantially
different clearing price in the PRA versus the RPM. With the 2013/2014 PRA auction
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clearing at $1.05 per MW-day and the RPM clearing at an average of $116.55 for the same
time period there is a large difference in revenues available between the two markets.
3.4

Capacity Mobility

Not only is there a much greater incentive in terms of revenue to participate in the PJM
capacity market, but as mentioned in Section 3.2.2, capacity mobility between MISO and
PJM is a concern. The much greater lead time in capacity procurement in the RPM versus
the PRA can have a dramatic impact on capacity mobility. While a resource could potentially
bid in the RPM, not clear and shift to the PRA, the reverse would not be an option due to the
difference in procurement lead times. The RPM’s requirement to participate in the first
possible auction or be excluded from any subsequent auction effectively eliminates the option
to attempt to clear in the PRA first.
Additionally, PJM’s Capacity Export Charge as outlined in Section 2.2.2, effectively
discourages exporting of capacity from PJM financially as well.
Another issue related to capacity portability is the lack of a competitive must-offer
requirement within PJM. Theoretically a capacity resource within the MISO footprint could
sell capacity into the RPM and then submit offers into the PJM day-ahead market at $999 /
MWh to avoid dispatch. While evidence of this happening is not available, the opportunity
is there within the current market constructs. (Monitoring Analytics and PJM, 2012)
3.5

Price Caps

As mentioned in section 2.3.2, MISO’s capacity market has a price cap equivalent to the
calculated cost of new entry value for each Local Resource Zone. Given these price caps
there is some concern that the projected revenue from the MISO PRA would not be sufficient
to incentivize new generation. The price cap coupled with the vertical demand curve are said
to cause bi-modal pricing where capacity is either priced near zero or at the price cap.
(Newell, et al., 2014)
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In response to this and other concerns the IMM has recommended implementation of a
slopped demand curve as seen in PJM. This should provide for valuation of resources above
the established reserve margin and eliminate the bi modal pricing tendency of the current
market design. (Potomac Economics, 2013)
While MISO does not directly impose a price cap within the Energy and Ancillary Services
Markets there are bid offer caps of $1,000 / MWh in the Energy Market and $100 / MW in
the Contingency Reserve Markets. (MISO, 2014a) This Energy Market cap at least partially
necessitates a capacity market as mentioned in section 3.1
As discussed in Section 2.2.2, PJM does not place a price cap on offers into the RPM absent
a finding of possible market power. However, the implementation of a demand curve with a
maximum price of the greater of CONE or 1.5 x Net CONE divided by 1 – Pool-Wide
Average EFORd as shown in Equation 2 does establish a maximum clearing price for
capacity within PJM.
The use of Net CONE in the establishment of the maximum clearing price places a great deal
of importance on the calculation of the Net CONE value. The current practice within PJM is
to use three years of historical information to establish the net revenue offset which
determines the Net CONE value and this practice is said to distort prices within the RPM.
(Bowring, 2013)
As mentioned, PJM is presently phasing in an energy market price cap of $2,700 / MWh
during scarcity pricing events as determined by reserve levels. Absent scarcity pricing, the
energy market price cap is $1,000 / MWh. As the new price cap is phased in and the Net
Revenue offset continues to be a calculation based on limited history, prices within the RPM
could experience short term distortion. (Bowring, 2013)
3.6

Attributes of Successful Capacity Markets

Successful capacity markets tend to have similar characteristics. There must be an
understanding of why the market design necessitates a capacity market construct in addition
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to a well-defined resource adequacy objective. The regulations and definitions for products
and participants must also be clearly presented. Behind a successful capacity market should
be efficient spot markets, both of which address locational concerns. (Pfeifenberger, et al.,
2014)
Still more characteristics have been argued as necessary for a successful capacity market but
appear missing from both the PJM and MISO market designs. Price caps in the spot markets
should be set near the Value of Lost Load (VOLL). This price cap is chosen to ensure that
all generation which is capable is offering into the energy market. (Cramton & Ockenfels,
2012) With some sources citing a VOLL of $15,000 / MWh, (Astrape Consulting, 2013) the
MISO bid cap and even the PJM scarcity pricing cap appear to be much too low.
3.7

Conclusion

While there are still many critics with a myriad of critiques of both MISO’s PRA and PJM’s
RPM, both markets appear to be functioning as designed. The most important issues to
address appear to be those of capacity mobility between zones and the shape of the demand
curve in the PRA. If capacity can more freely move between zones and utilize the available
transmission interties the true value of capacity will be expressed. Additionally, should the
PRA implement a sloped demand curve, the price for capacity will appear less bi-modal and
provide for a more consistent signal to system expansion.
As shown in this section, differences in capacity market designs do impact the mobility of
capacity between market regions. This may be partly by design in order to maintain market
members and may also be partly due to a lack of coordination in market development. As the
PRA develops over time and market rules are examined time and again, the rules may pose
less of a barrier to capacity mobility.
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4

IMPACT OF CAPACITY MARKETS ON RETAIL PRICING

In order to analyze the impact of capacity market design on end use customer pricing,
historical prices within the MISO and PJM regions will be examined for changes coinciding
with market shifts. Historical pricing data on a state by state basis broken down by customer
type has been collected starting in October of 2002 through July of 2014. (EIA, 2014) This
data will be aggregated to approximate the prices experienced by end use customers within
PJM and MISO.
4.1

Methodology

The United States Department of Energy’s Energy Information Agency (EIA) publishes a
monthly digest titled Electric Power Monthly which provides statistics and information on
the electrical power system of the United States. Table 5.6A of this report provides “Average
Retail Price of Electricity to Ultimate Customers by End-Use Sector, by State (Cents per
Kilowatt-hour)”. (EIA, 2014) By aggregating the data available from back issues of this
report it was possible to compile monthly average retail prices of electricity to end-use
customers on a state by state basis starting in October of 2002. The primary focus will be on
the retail price to industrial end use customers. Aside from basic transposition and
organization of data, no manipulation of the inputs was performed for this analysis.
4.1.1 Source Data
The data used in this analysis is originally sourced from the Energy Information Agency’s
form EIA 826. This form provides for the monthly collection of data from 500 sample utilities
selected from the largest electric utilities in the United States and from service providers
making retail sales in deregulated regions. The data is due from the reporting entities on the
last calendar day following the month being reported. Any missing or unreported data is
accounted for using a regression model. (EIA, 2014)
The forms instructions provide that the selected sample utility or service provider should
enter the average retail price as calculated by dividing retail electric revenue by sales of
electricity. Revenue in this instance is equal to the operating revenue as reported by the entity

60

compiling the data and includes “energy charges, demand charges, consumer service charges,
environmental surcharges, fuel adjustments and other miscellaneous charges.” Operating
revenues also include income and other taxes paid by the utility. To account for variations in
the rate schedules within each sector, the average retail price is a weighted average by
revenue of all customers within the sector. (EIA, 2014)
Therefore the retail price data used in this analysis should include all taxes and charges
associated with the supply of energy to the end use customer and be a good indication of the
average price paid by the end use customer in the industrial sector.
4.1.2 Load Approximations
Loads for the states of Maryland, New Jersey, Ohio, Pennsylvania and Virginia will be
summed in order to approximate an end user price for electricity within PJM over the study
period. Each of these states comprises greater than 10% of the total PJM load alone and
combined account for over 70% of all load within PJM. (Monitoring Analytics, 2014a)
State loads for the states of Minnesota, Michigan, Iowa and Wisconsin will be summed to
approximate MISO price levels over the study period. As shown in Figure 16, over ninety
percent of load in each of these states is served by MISO and thus the vast majority of end
use pricing within these states will be impacted by MISO policy decisions.
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Figure 16: MISO Load Fraction at the State Level (MISO, 2014b)

As a comparison, the average price for the contiguous United States less the mountain and
pacific regions will also be considered. This region will be referred to as the Central and
Eastern US.
While there have been changes in the membership included within MISO and PJM since the
start of the available pricing data, the states chosen to approximate the RTOs were not a part
of these changes. Therefore considerations for regional membership changes throughout the
study period are unnecessary.
As discussed in section 2, the generation breakdown by fuel type is also similar for MISO
and PJM. Therefore controlling for various fuel prices should also be unnecessary.
4.2

Overall Price Trends

As seen in Figure 17, retail prices for industrial end use customers have generally trended
upward over the course of the available historical data. MISO appears to have avoided an
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increase in prices during the July 2006 – August 2008 timeframe, but is again in line with
PJM and Central and Eastern US averages starting around May of 2012.
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Figure 17: Retail Price of Electricity to Industrial End Use Customers 2002 – 2014

Looking to further analyze the differences between pricing in MISO and the other regions, a
graph of the absolute price difference is shown in Figure 18.
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Figure 18: Absolute Difference in Prices between MISO and PJM or the Central and East

Taken a step further and analyzed as a percentage of the comparison region’s price, the
percent absolute difference between prices between MISO and PJM or the Central and East
region are shown in Figure 19.
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Figure 19: Percent Absolute Difference in Prices between MISO and PJM or Central and East

Within Figure 19, four distinct price timeframes appear. Between the start of the available
data and August of 2006 the difference in prices between MISO and the other regions appear
to average at or below 15%. Following that, between September 2006 and May 2010, the
difference rises to average between 20 and 25%. Then there is a period of decline in price
difference between June 2010 and June 2012 when MISO prices are approaching those of
PJM and the Central and East average. This period of decline could indicate the approach of
a new normal for wholesale pricing in the different regions, however the limited available
data does not allow for a definitive conclusion. From July 2012 to the end of the available
data in July 2014, the average has settled to around 5 to 10%. The average percent difference
in price for these four price timeframes is plotted against the percent price difference in
Figure 20.
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Figure 20: Percent Price Differences with Period Averages

In Table 8, the computed average prices and Mean Absolute Percentage Error (MAPE)
between the computed average and actual values for the times periods is shown. Price
volatility within the first time frame drive the MAPE values higher, but still within acceptable
ranges for all periods save for the last, which as previously mentioned, appears to be a new
pricing trend with insufficient data to support in depth analysis.
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Table 8: Time Periods and Average Price Differences

Start
Oct 2002
Sept 2006
June 2010
July 2012

End
PJM Avg. C&E Avg. MAPE PJM MAPE C&E
August 2006
15.13 %
12.03 %
27.6 %
22.8 %
May 2010
25.20 %
19.39 %
10.0 %
15.0 %
June 2012
18.87 %
12.26 %
16.5 %
20.1 %
End
12.64 %
6.87 %
29.9 %
42.5 %

Given the MAPE values determined for the average price differences are near or below 25%,
the averages could be said to be an accurate predictor of a trend. Therefore, the established
time periods seem appropriate as showing significant changes in the price differences
between MISO and PJM or the Central and East average.
4.3

Price Trends during Capacity Market Changes

As established in Section 2, PJM launched the Capacity Credit Market in January of 1999.
Following that the Reliability Pricing Model was launched in June of 2007. Capacity prices
in the PJM market region have risen drastically from near $5 per MW-day for the planning
year 2006/2007 to average around $100 per MW-day starting in in the 2007/2008 planning
year through to the 2017/2018 timeframe. Therefore, if capacity market pricing has an
appreciable impact on end use customer pricing it would be expected that prices within PJM
would rise starting in 2007/2008.
As shown in Figure 12 of Section 2, the MISO Planning Resource Auction was launched in
April 2013. Prior to that, an updated Module E was approved with a Resource Adequacy
Requirement in March 2008. If capacity market mechanisms or indeed resource adequacy
requirements have an appreciable impact on end use customer pricing, it would be expected
that prices would rise following either March 2008, or April 2013.
As can be seen in Figure 21, while prices within PJM do rise to average around 8 cents per
kilowatt-hour just prior to the summer of 2008, this trend appears to have been a long term
trend and not spurred suddenly by any change in capacity market mechanism. Prices within
MISO appear to be following a steadily increasing trend. A simple linear trend line gives an
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R2 value of 0.8785 for the timeframe of January 2006 until the end of available data in July
2014. Immediately prior to and following the launch of the MISO Planning Resource
Auction, prices appear to be maintaining this trend line without major deviation save for
seasonal energy price variation.
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Figure 21: Retail Price of Electricity to Industrial End Use Customers Apr. ‘12 – Jul ‘14

As previously mentioned, the major changes in market mechanisms between PJM and MISO
are identified as occurring at June 2007 and April 2013 with the launch of the PJM Reliability
Pricing Model and the MISO Planning Resource Auction respectively. As detailed in section
4.2, Table 8, major changes in price differences between the regions occur in August 2006,
May 2010, and June 2012. There does not appear to be any correlation between large shifts
in end use customer pricing and shifts in capacity market mechanisms.
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As there did not appear to be an appreciable difference in end use customer pricing due to
the identified shifts in capacity market mechanisms the following sections will analyze the
potential for this lack of impact. Especially as there were clearly major movements in
capacity pricing during the period under analysis.
4.4

Components of the End Use Customer Price

The end use customer or retail price of electricity is typically broken down into three
components: Energy, Transmission and Distribution. Usually the energy and transmission
components account for between 50 and 60% of the retail price of electricity. Combined, the
energy and transmission components form the wholesale price of electricity. The cost for
capacity is included in this wholesale price. Therefore any impact on the wholesale price,
including potential impacts due to capacity market mechanisms could only ever impact 50 to
60% of the retail price of electricity.
As an illustrative example, Table 9 provides a breakdown of wholesale price components in
the PJM region over time. As shown, the capacity component accounts for roughly 10% of
the total wholesale energy price. The energy component dominates the wholesale price,
accounting for between 75 and 85% of the total.
Table 9: Wholesale Price Components in PJM (PJM, 2009) (Monitoring Analytics, 2014b)

Full Year 2008
Jan - Jun 2013
Jan-Jun 2014
Component
$/MWh Percent $/MWh Percent $/MWh Percent
Energy
71 83.86 %
37.96 74.49 %
69.92 79.40 %
Capacity
8.12 9.59 %
5.69 11.17 %
8.56 9.72 %
Transmission
3.56 4.21 %
4.97 9.75 %
5.67 6.44 %
Regulation
0.68 0.80 %
0.26 0.51 %
0.46 0.52 %
Operating Reserve
0.6 0.71 %
0.73 1.43 %
2.07 2.35 %
PJM Cost
0.21 0.25 %
0.44 0.86 %
0.45 0.51 %
Reactive
0.3 0.35 %
0.65 1.28 %
0.42 0.48 %
Transmission Owner
0.09 0.11 %
0.08 0.16 %
0.09 0.10 %
Synchronized Reserve
0.08 0.09 %
0.03 0.06 %
0.36 0.41 %
Black Start
0.02 0.02 %
0.15 0.29 %
0.06 0.07 %
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In summary, accounting for the fact that the wholesale price of energy is only 50% of the
total retail price and the cost of capacity only 10% of that within the higher capacity price
region of PJM, a 100% increase in capacity costs would only ever increase the total end use
customer price by 5%.
This limited potential impact appears to support the finding that major changes in the capacity
market mechanisms and even major capacity price swings had little impact on the end use
customer pricing within PJM and MISO.
4.5

Reserve Levels during the Period under Review

In order to arrive at an installed reserve margin estimate for both MISO and PJM, data from
the National Electric Reliability Council’s (NERC) Long Term Reliability Assessments from
2003 to 2014 (NERC, 2014) were analyzed. Unfortunately NERC has not always reported
reserve levels on an RTO basis, preferring instead to use the Regional Reliability Councils
outlined in Figure 22 and Figure 23.

Figure 22: NERC Regional Reliability Councils (NERC, 2003)
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Figure 23: NERC Regional Reliability Councils starting October 2006 (NERC, 2006)

Prior to reporting on an RTO basis MISO reserve levels were assumed to be an average of
the MAPP and MAIN regions as shown in Figure 22 for years 2004 – 2006 and an average
of the RFC and MRO regions of
Figure 23 for years 2007 – 2010. Similarly the PJM reserve levels were assumed to be an
average of the ECAR and MAIN regions of Figure 22 for years 2004 – 2006 while the PJM
reserve levels were assumed the same as the RFC region for years 2007 – 2010. After 2010
reporting of reserves was also done on an RTO basis and no assumptions were necessary.
Table 10 outlines the resulting projected installed reserve margins for the summers of 2004
to 2015.
Table 10: MISO and PJM Installed Reserve Margins by Year (NERC, 2014)

2004
2005
2006
2007
2008
2009
MISO 28.85 % 30.93 % 22.58 % 16.83 % 15.90 % 23.65 %
PJM 29.80 % 23.35 % 21.80 % 16.89 % 17.10 % 27.00 %
2010
2011
2012
2013
2014
2015
MISO 28.35 % 22.10 % 21.51 % 20.92 % 18.28 % 17.01 %
PJM 28.00 % 29.80 % 28.54 % 27.28 % 30.86 % 25.93 %
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As seen in Figure 24, from 2004 to 2008 as installed reserve levels within PJM eroded, the
end use customer pricing climbed. Prices then proceed to level off and even decline slightly
as reserve levels rebound and maintain a higher level. However, there does not appear to be
a direct and immediate correlation between the installed reserve margin levels and end use
customer pricing in either region. As outlined previously, the MISO region prices trend
steadily upward from 2004 to 2014. During this same time frame installed reserve margins
within MISO have fluctuated dramatically.
Scarcity pricing would be expected in both the energy and capacity markets should installed
reserve levels fall much below the reserve margin requirements for PJM and MISO which
are currently only around 15%. As both regions have not yet experienced installed reserve
margins below those margins it is probable that there have not been sufficient shortages for
the installed reserve levels to have an immediate and appreciable impact on end use customer
pricing.
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Figure 24: Historical Retail Prices Compared to Installed Reserve Margins in PJM and MISO

4.6

Conclusion

According to analysis of the ERCOT region within the United States, Total Customer Costs
are minimized at the Energy-Only market equilibrium, but reliability would fall below the 1
day in 10 years standard. As the reserve levels are mandated higher to meet the reliability
targets total customer costs increase by approximately 1%. (Pfeifenberger, et al., 2014)
That minimal impact of an enforced reliability requirement within the ERCOT region appears
to be in line with the results of the present analysis as the capacity market mechanisms of
PJM and MISO are enforcing and pricing a reliability requirement. There appears to be no
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readily identifiable impact of a shift in capacity market mechanism on end use customer
pricing.
Even a drastic increase in the clearing prices of the MISO PRA between $1.05 per MW-day
of the 2013/2014 planning year up to $14.87 per MW-day for the planning year 2014/2015,
as outlined in Section 2.3, did not appear to impact the trending price within the MISO region.
However, the price for capacity within the MISO region still remains dramatically lower than
that of the price for capacity within the PJM region.
As shown in this section there are many components which contribute to the end use customer
price for electricity. While no direct and immediate correlation was found between changes
in capacity market price or design and end use customer pricing the impact of capacity
reserve levels cannot be ignored. Capacity cost’s potential 5 percent direct impact on end use
customer pricing will be overshadowed by the impact a capacity shortage would have on
even capped energy prices.
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5

CONCLUSION

As shown in Sections 3 and 4, it would appear that while capacity market mechanisms can
certainly have a negative impact on the mobility of generation between regions, they do not
appear to have a direct impact on end use customer pricing.
Section 3 outlines how there is a direct impact on capacity mobility due to capacity market
design. Differences in commitment lead times and financial penalties to offering of resources
to external areas effectively limit the ability of resources to move between markets. While
these limits may be necessary to the optimal functioning of a market they should be
coordinated with neighboring markets in order to allow for co-optimal operation.
While no direct and immediate correlation was found between capacity market changes and
end use customer pricing in Section 4 the potential impact of capacity reserve levels should
not be ignore. The components of end use customer pricing are many and varied, especially
between regions of drastically different makeup.
The public’s willingness to allow efficient and unrestricted energy market operations that
provide sufficient scarcity pricing to support system expansion may be underestimated.
However, as long as there is limited political will to test these unpopular market conditions
it would appear that, in a situation where capacity is maintained at or above well guided
regulatory targets, capacity market mechanisms do not have a dramatic impact on end use
customer pricing. Therefore the price impacts of capacity market mechanisms should not be
the driving factor behind the decision to implement such mechanisms.
5.1

Present Impact and Discussion of These Issues

As the European Union seeks to establish a “competitive internal market for energy” with
“deep and liquid electricity markets”, the concern over the impact of differing market
mechanisms is apparent (European Commission, 2012). Concerns over uncoordinated
national capacity market mechanisms and various market impacts are prevalent throughout
the Nordic Region (Svensk Energi - Swedenergy, 2013) (Finnish Energy Industries, 2013).
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Section 3.6 outlined attributes of successful capacity markets which should be taken into
consideration before action is taken within the EU. A clear understanding of the driving force
that necessitates a capacity market is essential to the formation of a successful market.
Sometimes these driving forces, such as price caps, could be mitigated without the
implementation of a capacity market.
If a market is implemented it must be in coordination with an efficient spot market and should
address locational concerns. (Pfeifenberger, et al., 2014) As shown within this work it should
also be in direct coordination with neighboring regions to ensure that issues of capacity
mobility are not created.
5.2

Areas for Further Study

As electrical infrastructure evolves and ages the components which make up the end use
customer price will also evolve. A study of this evolution would be especially helpful in
regulatory decision making. As upgrades to infrastructure within the United States become
more and more prevalent the amount that transmission development contributes to the retail
price should rise.
A current breakdown of the components of retail pricing and an examination of the evolution
of those components would highlight the key areas for consideration in market design and
infrastructure planning.
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