
Ohio Public Utilities 
Commission 

LARGE FILING SEPARATOR SHEET 

CASE NUMBER: 14-1297-EL-SSO 

FILE DATE: 10/20/15 

SECTION: 5 OF 5 

FILED BY:ARMSTRONG & OKEY 

FILED ON BEHALF OF: PUCO 

NUMBER OF PAGES: / 7 ^ 

DESCRIPTION OF DOCUMENT: 

EXHIBITS: VOLUME XXIV 

COMPANIES 74, 75, 76, 77, 78, 79, 80, 81 

T h i s 13 t o cc;rt.i;^y i:!.?.a.t, t'n?.! i.v.',-'?-'̂ î3 r'.rpoarl.icri' n?:'e a,i3 
a c c u r a t e a.xxl cocopi^eto repro^Lic'i:ion oi: a Cc.?iic f i l e 
docifflient a e l i v e r e d i n t h e reg-uxax- cou r se ^ £ . i ^ a i a f t ^ . 
Techn ic ian ^1{LA ^ Date Proce^sseKi_^ll 

180 East Broad Street (614) 466-3016 
Columbus, Ohio 43215-3793 www.PUCO.ohio.gov 

An equal opportunity employer and service provider 

http://www.PUCO.ohio.gov


Monitoring 
Analyfics 

Analysis of the 

2016/2017 RPM Base Residual Auction 

The Independent Market Monitor for PJM 

April 18, 2014 

EXHIBIT 
t> Monitoring Analytics 2014 I www,monitonnganalytics.com • * 

cmmill 

http://monitonnganalytics.com


Introduction 

This report, prepared by the Independent Market Monitor for PJM (IMM or MMU), 
reviews the functioning of the tenth Reliability Pricing Model (RPM) Base Residual 
Auction (BRA) (for the 2016/2017 Delivery Year) and responds to questions raised by 
PJM members and market observers about that auction. The MMU prepares a report for 
each RPM Auction. 

This report addresses, explains and quantifies the basic market outcomes. This report 
also addresses and quantifies the impact on market outcomes of: the Short-Term 
Resource Procurement Target; Demand Resources (DR); the definition of Demand 
Resource products; Avoidable Project Investment Recovery Rate (APIR) changes related 
to environmental regulations; and capacity imports. 

Conclusions and Recommendations 

The capacity market is, by design, always tight in the sense that total supply is generally 
only slightly larger than demand. While the market may be long at times, that is not the 
equilibrium state. Capacity in excess of demand is not sold and, if it does not earn or 
does not expect to earn adequate revenues in future capacity markets, or in other 
markets, or does not have value as a hedge, may be expected to retire. The demand for 
capacity includes expected peak load plus a reserve margin, and points on the Variable 
Resource Requirement (VRR) curve exceed peak load plus the reserve margin. Thus, the 
reliability goal is to have total supply equal to or slightly above the demand for capacity. 
The level of purchased demand under RPM has generally exceeded expected peak load 
plus the target reserve margin, resulting in reserve margins that exceed the target. 
Demand is almost entirely inelastic because the market rules require loads to purchase 
their share of the system capacity requirement. The level of elasticity incorporated in the 
RPM demand curve, called the Variable Resource Requirement (VRR) curve, is not 
adequate to modify this conclusion. The result is that any supplier that owns more 
capacity than the typically small difference between total supply and the defined 
demand is individually pivotal and therefore has structural market power. Any supplier 
that, jointly with two other suppliers, owns more capacity than the difference between 
supply and demand either in aggregate or for a local market is jointly pivotal and 
therefore has structural market power. 

The market design for capacity leads, almost unavoidably, to structural market power in 
the capacity market. The capacity market is unlikely ever to approach a competitive 
market structure in the absence of a substantial and unlikely structural change that 
results in much greater diversity of ownership. Market power is and will remain 
endemic to the existing structure of the PJM Capacity Market. Nonetheless a competitive 
outcome can be assured by appropriate market power mitigation rules. Detailed market 
power mitigation rules are included in the PJM Open Access Transmission Tariff (OATT 
or Tariff). This represents a significant advance over the prior capacity market design. 
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Reliance on the RPM design for competitive outcomes means reliance on the market 
power mitigation rules. Attenuation of those rules would mean that market participants 
would not be able to rely on the competitiveness of the market outcomes. However, the 
market power rules are not perfect and, as a result, competitive outcomes require 
continued improvement of the rules and ongoing monitoring of market participant 
behavior and market performance. 

In the capacity market, as in other markets, market power is the ability of a market 
participant to increase the market price above the competitive level or to decrease the 
market price below the competitive level. In order to evaluate whether actual prices 
reflect the exercise of market power, it is necessary to evaluate whether market offers are 
consistent with competitive offers. 

The MMU verified the reasonableness of offer data and calculated the derived offer caps 
based on submitted data; calculated unit net revenues; reviewed requests for exceptions 
to the Minimum Offer Price Rule (MOPR); reviewed offers for Planned Generation 
Capacity Resources; verified capacity exports; verified offers based on opportunity costs; 
verified the reasons for MW not offered; verified the maximum sell ofier Equivalent 
Demand Forced Outage Rates (EFORds); verified clearing prices based on the demand 
(VRR) curves and the minimum resource requirements; and verified that the market 
structure tests were applied correctly.^ All participants in the RTO, MAAC, PSEG, and 
ATSI RPM markets failed the three pivotal supplier (TPS) test. The result was that offer 
caps were applied to all sell offers for Existing Generation Capacity Resources when the 
Capacity Market Seller did not pass tiie test, the submitted sell offer exceeded the 
defined offer cap, and the submitted sell offer, absent mitigation, would have resulted in 
a higher market clearing price.^ ^ The offer caps are designed to reflect the marginal cost 

1 Attachment A reviews why the MMU calculation of clearing prices differs slightly from 
PJM's calculation of clearing prices and includes recommendations for improving the market 
clearing algorithm. 

Prior to November 1, 2009, existing DR and EE resources were subject to market power 
mitigation in RPM Auctions. See 129 FERC f 61,081 (2009) at P 30. 

Effective January 31, 2011, the RPM rules related to market power mitigation were changed, 
including revising the definition for Planned Generation Capacity Resource and creating a 
new definition for Existing Generation Capacity Resource for purposes of the must-offer 
requirement and market power mitigation, and treating a proposed increase in the capability 
of a Generation Capacity Resource the same in terms of mitigation as a Planned Generation 
Capacity Resource. See 134 FERC f 61,065 (2011). 
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of capacity. Based on the data and this review, the MMU concludes that the results of 

the 2016/2017 RPM Base Residual Auction were competitive. 

Nonetheless, tiiere are significant issues with the RPM market design which have 

significant consequences for market outcomes. 

In particular, the M M U recommends that the use of the 2.5 percent demand adjustment 

(Short-Term Resource Procurement Target) be terminated immediately. The MMU 

recommends the enforcement of a consistent definition of capacity resource. The MMU 

recommends that the requirement to be a physical resource be enforced and erJianced. 

The requirement to be a physical resource should apply at the time of auctions and 

should also constitute a commitment to be physical in the relevant delivery year. The 

requirement to be a physical resource should be applied to all resource types, including 

planned generation, demand resources and imports.'* ^ The MMU recommends that the 

definition of demand side resources be modified in order to ensure that such resources 

are full substitutes for and provide the same value in the Capacity Market as generation 

resources. Both the Limited and the Extended Summer DR products should be 

eliminated and the restrictions on the availability of Armual DR should be eliminated in 

order to ensure that the DR product has the same unlimited obligation to provide 

capacity year round as Generation Capacity Resources. The MMU recommends that tiie 

net revenue calculation used by PJM to calculate the net CONE VRR parameter reflect 

the actual flexibility of units in responding to price signals rather than using assumed 

fixed operating blocks that are not a result of actual uiut limitations.^ ^ The result of 

reflecting tiie actual flexibility is higher net revenues, which affect the parameters of the 

RPM demand curve and market outcomes. The MMU recommends that the rule 

requiring that relatively small proposed increases in the capability of a Generation 

Capacity Resource be treated as plaimed for purposes of mitigation and exempted fiom 

offer capping be removed. The MMU recommends that, as part of the MOPR unit 

specific standard of review, all projects be required to use the same basic modeling 

4 See Comments of the Independent Market Monitor for PJM. Docket No. ER14-503-000. 
(December 20,2013). 

5 See "Analysis of Replacement Capacity for RPM Commitments: Jtme 1,2007 to June 1, 2013," 
<http://'www.moru.tpringanalytics.com/reports/Reports/2013/IMM Report on Capacity Repl 
acement Activity 2 20130913.pdf> (September 13,2013). 

^ See PJM Interconnection, L.L.C, Docket No. ER12-513 pecember 1, 2011) ("Triennial 
Review"). 

^ See the 2022 State of the Market Report for PJM, Volume ll. Section 6, Net Revenue. 
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assumptions. That is the only way to ensure that projects compete on the basis of actual 
costs rather than on the basis of modeling assumptions.^ 

The MMU reconmiends two changes to the RPM solution methodology related to make-
whole payments and the iterative reconfiguration of the VRR curve.^ The MMU 
recommends changing the RPM solution methodology to explicitly incorporate the cost 
of make-whole payments in the objective function. The MMU also recommends 
changing the RPM solution methodology to define variables for the nesting relationships 
in the BRA optimization model directly rather than employing the current iterative 
approach, in order to improve the efficiency and stability. 

Results 

The shape of the demand curve, the VRR curve, had a significant impact on the outcome 
of the auction. As a result of the downward sloping VRR demand curve, more capacity 
cleared in the market than would have cleared with a vertical demand curve equal to the 
reliability requirement. As shown in Table 6, the 159,159.7 MW of cleared resources for 
the entire RTO, which represented a reserve margin of 21.5 percent not considering 
Fixed Resource Requirement (FRR) load, resulted in net excess of 7,185.4 MW over the 
reliability requirement of 166,127.5 MW. 

The Short-Term Resource Procurement Target had a significant impact on the auction 
results. The removal of 2.5 percent of demand significantly reduced the clearing prices 
and quantities for all the RPM LDA markets. The clearing quantities of Annual 
Resources, including generation and DR, were reduced as a result of the 2.5 percent 
demand reduction. Based on actual auction clearing prices and quantities and make-

8 See 143 FERC J 61,090 (2013) ("We encourage PJM and its stakeholders to consider, for 
example, whether the unit-specific review process would be more effective if PJM requires 
the use of common modeling assumptions for establishing unit-specific offer floors while, at 
the same time, allowing sellers to provide support for objective, individual cost advantages. 
Moreover, we encourage PJM and its stakeholders to consider these modifications to the unit-
spedfic review process together with possible erJiancements to the calculation of Net 
CONE."); see also. Comments of the Independent Market Monitor for PJM, Docket No. ER13-
535-001 (March 25, 2013); Complaint of the Independent Market Monitor for PJM v. 
Unnamed Participant, Docket No. EL12-63-000 (May 1, 2012); Motion for Clarification of the 
Independent Market Monitor for PJM, Docket No. ERll-2875-000, et al. (February 17, 2012); 
Protest of the Independent Market Monitor for PJM, Docket No. ERll-2875-002 (June 2,2011); 
Comments of the Independent Market Morutor for PJM, Docket Nos. ELn-20 and ERll-2875 
(March 4,2011). 

^ For more details on these recommendations, see Attadiment A. 
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whole MW, total RPM market revenues for the 2016/2017 RPM Base Residual Auction 
were $5,513,237,849. If the VRR curves had not been reduced by the Short-Term 
Resource Procurement Target, total RPM market revenues for the 2016/2017 RPM Base 
Residual Auction would have been $6,894,277,704, an increase of $1,381,039,855, or 25 
percent, compared to the actual results. The use of the Short-Term Resource 
Procurement Target resulted in a 20 percent reduction in RPM revenues for the 
2016/2017 Base Residual Auction. 

The inclusion of inferior demand side products in the auction also had a significant 
impact on the auction results. Based on actual auction clearing prices and quantities, 
total RPM market revenues for the 2016/2017 RPM Base Residual Auction were 
$5,513,237,849. If only generation and Annual DR were offered in tiie 2016/2017 RPM 
Base Residual Auction, total RPM market revenues for the 2016/2017 RPM Base Residual 
Auction would have been $10,141,586,456, an increase of $4,628,348,607, or 84 percent, 
compared to the actual results. The inclusion of the Limited and Extended Surruner DR 
products resulted in a 46 percent reduction in RPM revenues for the 2016/2017 Base 
Residual Auction. 

The combination of the Short-Term Resource Procurement Target and inferior demand 
side products had a significant impact on the auction results. Based on actual auction 
clearing prices and quantities and make-whole MW, total RPM market revenues for the 
2016/2017 RPM Base Residual Auction were $5,513,237,849. If the VRR curves had not 
been reduced by the Short-Term Resource Procurement Target and only generation and 
Annual DR were offered in tiie 2016/2017 RPM Base Residual Auction, total RPM market 
revenues for the 2016/2017 RPM Base Residual Auction would have been 
$15,834,365,769, an increase of $10,321,127,920, or 187 percent, compared to the actual 
results. The use of the Short-Term Resource Procurement Target together with the 
inclusion of the Limited and Extended Summer DR products resulted in a 65 percent 
reduction in RPM revenues for the 2016/2017 RPM Base Residual Auction. 

The inclusion of sell offers for Demand Resources had a significant impact on the 
auction results. Based on actual auction clearing prices and quantities and make-whole 
MW, total RPM market revenues for the 2016/2017 RPM Base Residual Auction were 
$5,513,237,849. If tiiere were no offers for DR in the 2016/2017 RPM Base Residual 
Auction, total RPM market revenues for the 2016/2017 RPM Base Residual Auction 
would have been $15,630,600,107, an increase of $10,117,362,259, or 184 percent, 
compared to the actual results. The inclusion of Demand Resources resulted in a 65 
percent reduction in RPM revenues for the 2016/2017 RPM Base Residual Auction. 

The inclusion of sell offers for Armual DR alone had a significant impact on tiie auction 
results. Based on actual auction clearing prices and quantities and make-whole MW, 
total RPM market revenues for the 2016/2017 RPM Base Residual Auction were 
$5,513,237,849. If only generation and Annual DR were offered in the 2016/2017 RPM 
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Base Residual Auction, total RPM market revenues for the 2016/2017 RPM Base Residual 
Auction would have been $10,141,586,456. If tiiere were no offers for DR in tiie 2016/2017 
RPM Base Residual Auction, total RPM market revenues for tiie 2016/2017 RPM Base 
Residual Auction would have been $15,630,600,107, an increase of $5,489,013,652, or 54 
percent, compared to the results with only Armual DR. The inclusion of sell offers for 
Armual DR alone resulted in a 35 percent reduction in RPM revenues for the 2016/2017 
RPM Base Residual Auction compared to the revenues without any DR products. 

This is the best measure of the competitive impact of DR on the RPM market. The 
Armual DR product definition is the only one consistent with being a capacity resource. 
Assuming that the DR meets appropriate measurement and verification standards and 
that the DR was offered with the intention of providing physical resources, competition 
from the Armual DR product resulted in a 35 percent reduction of payments for 
capacity. This demonstrates that Armual DR had a significant impact on market 
outcomes and resulted in the displacement of generation resources. Thus, even when the 
DR product is limited to the Annual DR product, DR has a significant and appropriate 
competitive impact on capacity market outcomes. As in prior BRAs, Extended Stunmer 
and Limited DR products also had a significant impact in the 2015/2016 BRA, but those 
impacts resulted from badly defined and inferior products. 

The level of DR products that buy out of their positions after the BRA however suggests 
that tiie impact of DR on generation investment incentives needs to be carefully 
considered and the rules governing the requirement to be a physical resource are 
enforced.^° If DR displaces new generation resources in BRAs, but then buys out of the 
position prior to the delivery year, this means potentially replacing new entry 
generation resources at the high end of the supply curve with other capacity resources 
available in incremental auctions. This would suppress the price of capacity in the BRA 
compared to competitive result because it permits the shifting of demand from the BRA 
to the incremental auctions, which is inconsistent witii the must offer, must buy rules 
governing the BRA. 

The inclusion of investments based on environmental regulation compliance, including 
the EPA's Mercury and Air Toxics Standards (MATS) rules and the National Emissions 
Standards for Hazardous Air Pollutants (NESHAP) for stationary reciprocating internal 
combustion engines (RICE) rules and the NJ High Electric Demand Day (HEDD) Rule, 
had a significant impact on the auction results. Of the 13,081.7 MW of uncleared offers 

ô See "Analysis of Replacement Capacity for RPM Commitments: June 1, 2007 to June 1, 2013" 
<http://www.monitonnganalytics.com/reports/Reports/2013/IMM Report on Capacity Repl 
acement Activity 2 20130913.pdf> (September 13, 2013). 
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for generation resources, 5,333.8 MW were offers for resources including costs associated 
with enviroiunental regulation compliance tiiat were not previously included in APIR. 
Based on actual auction clearing prices and quantities and make-whole MW, total RPM 
market revenues for the 2016/2017 RPM Base Residual Auction were $5,513,237,849. If 
the APIR associated with the pending envirorunental regulations which had not been 
previously submitted were removed, total RPM market revenues for the 2016/2017 RPM 
Base Residual Auction would have been $5,310,133,190, a reduction of $203,104,659, or 
3.7 percent, compared to the total based on actual results. The impact of including 
environmental compliance costs in APIR was to increase total market revenues by 
$203,104,659, or 3.8 percent. 

The inclusion of capacity imports in the 2016/2017 had a significant impact on the 
auction results. Based on actual auction clearing prices and quantities and make-whole 
MW, total RPM market revenues for tiie 2016/2017 RPM Base Residual Auction were 
$5,513,237,849. If offers for external generation were reduced by 25 percent total RPM 
market revenues for the 2016/2017 RPM Base Residual Auction would have been 
$6,150,779,857, an increase of $637,542,008, or 12 percent, compared to the actual results. 
The impact of including 75 percent of the offers for external generation resources was to 
decrease total market revenues by $637,542,008, or 10 percent. If offers for external 
generation were reduced by 75 percent, total RPM market revenues for the 2016/2017 
RPM Base Residual Auction would have been $7,814,811,849, an increase of 
$2,301,574,000, or 42 percent, compared to the actual results. The impact of including 25 
percent of the offers for external generation resources was to decrease total market 
revenues by $2,301,574,000, or 29 percent. 

If offers for external generation resources without firm transmission were excluded, total 
RPM market revenues for tiie 2016/2017 RPM Base Residual Auction would have been 
$6,810,335,209, an increase of $1,297,097,360, or 24 percent, compared to the actual 
results. The impact of including external generation resources with only firm 
transmission was to decrease total market revenues by $1,297,097,360, or 19 percent. The 
impact of increased imports is comparatively high in the RTO because all imports are 
considered to be imports to the RTO. If offers for external generation resources without 
firm transmission were excluded, the RTO clearing price for Limited Resources would 
have increased to $90.00 per MW-day, and the clearing quantity would have increased 
to 10,186.8 MW. The RTO clearing price for Extended Summer and Aimual Resources 
would have increased to $95.00 per MW-day, and tiie clearing quantity would have 
increased to 158,512.2 MW. 

Clearing Prices 

Table 1 shows tiie clearing prices for Annual Resources in the 2016/2017 BRA by LDA 
compared to the corresponding net Cost of New Entty (CONE) values. The clearing 
prices for Annual Resources were less than net CONE for every Locational 
Deliverability Area (LDA). 
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Table 1 Clearing prices and net CONE: 2016/2017 RPM Base Residual Auction 

Annual Clearing Price Net CONE Annual Clearing Price 
($ per MW-day) ($ per MW-day) to Net CONE 
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l\/larket Changes 

RPWI Market Design Changes 

RPM Must Offer Requirement and Market Power Mitigation 

The 2016/2017 RPM Base Residual Auction was the third BRA conducted under the 
revised RPM rules effective January 31, 2011, related to the RPM must-offer requirement 
and market power mitigation." These changes included clarifying the applicability of 
the must-offer requirement and the circumstances under which exemptions from tiie 
RPM must-offer requirement would be allowed, revising the definition for Planned 
Generation Capacity Resource and creating a new definition for Existing Generation 
Capacity Resource for purposes of the must-offer requirement and mitigation, treating a 
proposed increase in the capability of a Generation Capacity Resource in exactly the 
same way as a Planned Generation Capacity Resource for purposes of market power 
mitigation. 

The 2016/2017 RPM Base Residual Auction was the first BRA conducted under the 
process improvement PJM Tariff revisions.^^ These revisions included defining 
additional deadlines and accelerating deadlines in advance of an auction related to 
exception processes for market seller offer caps, alternate maximum EFORds, MOPR, 
and the RPM must offer requirement. 

" 134 FERC 161,065 (2011). 

12 Letter Order in FERC Docket No. ER13-149 (November 28,2012). 
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MOPR 
There have been two changes to the RPM Minimum Offer Price Rule (MOPR) effective 
for recent auctions. 

Effective April 12, 2011, the RPM Minimum Offer Price Rule (MOPR) was changed.'^ 
The changes to the MOPR included updating the calculation of the net Cost of New 
Entry (CONE) for combined cycle (CC) and combustion turbine (CT) plants, increasing 
the percentage value used in the screen to 90 percent for CC and CT plants, eliminating 
the net-short requirement as a prerequisite for applying the MOPR, eliminating the 
impact screen, revising the process for reviewing proposed exceptions to the defined 
minimum sell offer price, and clarifying which resources are subject to the MOPR along 
with the duration of mitigation. 

The 2015/2016 RPM Base Residual Auction was the second BRA conducted under the 
revised MOPR and the first conducted under the subsequent FERC orders related to the 
MOPR, including clarification on the duration of mitigation, which resources are subject 
to MOPR, and the MOPR review process.''' 

Effective May 3, 2013, the RPM Minimum Offer Price Rule (MOPR) was changed again.i^ 
The changes to the MOPR included establishing Competitive Entry and Self Supply 
Exemptions while also retaining tiie unit specific exemption process for those that do not 
qualify for tiie Competitive Entry or Self Supply Exemptions; changing tiie applicabiUty 
of MOPR to include only combustion turbine, combined cycle, integrated gasification 
combined cycle (IGCC) technologies while excluding units primarily fueled with landfill 
gas or cogeneration uruts which are certified or self-certified as Qualifying Facilities 
(QFs); changing tiie applicability to increases in installed capacity of 20.0 MW or more 
combined for all units at a single point of intercoimection to the Transmission System; 
changing the apphcabihty to include the full capability of repowering of plants based on 
combustion turbine, combined cycle, IGCC technology; increasing tiie screen from 90 
percent to 100 percent of the applicable net CONE values; and broadening the region 
subject to MOPR to tiie entire RTO from constrained LDAs only. 

13 135 FERC 1 61,022 (2011). 

" 135 FERC % 61,022 (2011), order on reh'g, 137 FERC f 61,145 (2011), order on compliance, 139 
FERC 161,011, order on compliance, 140 FERC f 61,123. 

15 143 FERC 161,090 (2013). 
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ACR 
The default Avoidable Cost Rate (ACR) escalation method which had been 
recommended by the MMU was approved and became effective on February 5, 2013, for 
the 2016/2017 and subsequent Delivery Years.^^ î  ^̂  The default ACRs for tiie 2016/2017 
DeUvery Year were 9.5 percent lower than the values would have been if the calculation 
method had remained the same. 

The FERC Order also approved updates to the base default ACR values and 
consolidation of the ACR technology classifications, which become effective for tiie 
2017/2018 and subsequent Delivery Years. The default ACR values for the 2016/2017 
Delivery Year were calculated by applying the applicable annual rate of change in the 
Handy-Whitman Index value to update the base values through 2012/2013 for which 
data were available and applying the most recent ten year annual average rate of change 
in the Plandy-Whitman Index to recalculate the default ACR values for 2013/2014 
tiirough 2015/2016 prior to estimating tiie default ACR values for the 2016/2017 Delivery 
Year. 

Gross CONE 

Effective January 20, 2013, the gross CONE values for the 2015/2016 Delivery Year were 
updated as part of a Settiement Agreement.!^ Between trienrual review periods, the gross 
CONE values for delivery years subsequent to 2015/2016 are determined by escalating 
the base values using the most recent twelve month change in the Handy-Whitman 
Index. 

Demand Resource Rules 

Effective January 31,2013, a third test for determining the Limited DR Reliability Target 
was implemented to ensure that tiie probability of requiring an interruption of longer 

16 For more details on the default ACR calculation issue, see "Analysis of the 2013/2014 RPM 
Base Residual Auction Revised and Updated," pp. 6-9 
<http://www.monitoringanalvtics.com/reports/Reports/2010/AnaIysis of 2013 2014 RPM B 
ase Residual Auction 2Q090920.pdf> (September 20,2010). 

17 PJM Interconnection, L.L.C, Docket No. ER13-529 (December 7,2012) at 19. 

18 142 FERC 161,092 (2013). 

19 142 FERC 161,079 (2013). 
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than six hours, which is the maximum duration of an interruption for a Limited DR 
product, is minimal.^o 

Effective with the 2014/2015 Delivery Year, the RPM market design incorporated Armual 
and Extended Summer DR product types, in addition to the previously established 
Limited DR product type.^^ Each DR product type is subject to a defined period of 
availability, a maximum number of interruptions, and a maximum duration of 
interruptions. The RPM rule changes related to DR product types also include tiie 
establishment of a maximum level of Limited DR and a maximum level of Extended 
Summer DR cleared in the auction, which are defined as a Minimum Armual Resource 
Requirement and a Minimum Extended Summer Resource Requirement for the PJM 
region as a whole and LDAs for which a separate VRR curve is estabUshed.^ Aimual 
Resources include generation resources, Atmual DR, and EE. 

The Minimum Resource Requirements are targets established by PJM to ensure that a 
sufficient amount of Annual Resources are procured in order to address reliability 
concerns with the Extended Summer and Limited DR products and to ensure that a 
sufficient amount of Armual Resources and Extended Summer Resources are procured 
in order to address reliability concerns with the Limited DR product. The reliability risk 
associated with relying on either the Extended Summer or Limited DR products results 
from the fact that reliability must be maintained in aU 8,760 hours per year while these 
resources are required to respond for only a limited number of hours when needed for 
reliability. The Minimimi Annual Resource Requirement is the minimum amount of 
capacity that PJM will seek to procure from Annual Resources in order to maintain 
reliability based on a PJM analysis of the probability of needing Limited DR resources.^ 
The Minimum Extended Surruner Resource Requirement is the nunimum amount of 
capacity that PJM will seek to procure from Aimual Resources and Extended Summer 
DR. In otiier words, there is a maximum level of Limited DR and a maximum level of 
Extended Summer DR that PJM will purchase to meet reliability requirements, because 
additional purchases of these products is not consistent with reliabiUty based on a PJM 
analysis of the probability of needing Limited DR resources when they are not available. 

20 143 FERC 161,076 (2013). 

21 134 FERC 161,066 (2011). 

22 The LDAs for which Minimum Resource Requirements are established was subsequently 
revised. See 135 FERC f 61,102 (2011). 

23 See PJM filing initiating FEKC Docket No. ER13-486-000 (November 30,2012). 
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The maximum level of Limited and Extended Summer DR is the difference between the 
minimum level of Annual Resources and the VRR curve. 

As part of the definition of the new DR products effective witii the 2014/2015 Delivery 
Year, coupled DR sell offers were defined. Coupled DR sell offers are linked sell offers 
for a Demand Resource that is able to provide more than one of the three DR product 
types. For example, a DR offer based on a single facility could be offered as Annual, 
Extended Summer and Limited simultaneously in a coupled offer. Only Demand 
Resources of different product types may be coupled, and the Capacity Market Seller 
must specify a sell offer price of at least $0.01 per MW-day more for the less limited DR 
product type within a coupled segment group. 

PJM's auction clearing mechanism will result in a higher price for Annual Resources if 
the MW of Aimual Resources that would otherwise clear the auction, including all 
resources, are less than the Minimimi Annual Resource Requirement that PJM requires 
for reliability. In that case the auction clearing mechanism will select Armual Resources 
that are more expensive than the clearing price that would otherwise result in order to 
procure the defined Minimum Annual Resource Requirement. PJM's auction clearing 
mechanism will also result in a higher price for Extended Summer Resources if the MW 
of Extended Summer Resources that would otherwise clear tiie auction are less than tiie 
Minimum Extended Summer Resource Requirement that PJM requires for reliability. In 
that case the auction clearing mechanism will select Extended Summer Resources that 
are more expensive than the clearing price that would otherwise result in order to 
procure the defined Minimum Extended Summer Resource Requirement. 

This result is also described as procuring the Annual or Extended Summer Resources 
out of merit order because the minimum resource requirements are binding constraints. 
In cases where one or both of the minimum resource requirements bind, resources 
selected to meet tiie minimum requirements will receive a price adder to the system 
marginal price, in addition to any locational price adders needed to resolve locational 
constraints. 

Capacity Market Sellers must establish credit if offering any Planned Capacity Resource, 
Qualified Transmission Upgrade, or an external resource without firm transmission in 
an RPM Auction. Effective with the 2014/2015 Dehvery Year, the RPM market design 
also included the implementation of credit limited offers, which allow a Capacity 
Market Seller to specify a Maximum Post-Auction Credit Exposure (MPCE) in dollars 
for a planned resource using a non-coupled offer type-24 25 Capacity Market Sellers 

Letter Order issued in Docket No. ERll-2913-000 (April 13,2011). 
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utilizing coupled sell offers cannot use the MPCE option. The intent of credit limited 
offers is to allow Capacity Market Sellers to better manage their credit requirement by 
specifying the maximum amount of credit they are willing to incur and to provide the 
service of determining the maximiun cleared MW given the MPCE limit. For DR, 20 
percent of MW offered used MPCE while for Energy Efficiency (EE) resources, eight 
percent of MW offered used MPCE. 

Under the new rule incorporating the ability to set an MPCE, the RPM market clearing 
process must yield a solution where no resource's Post-Auction Credit Exposure (PCE) 
exceeds its MPCE for credit limited offers. The Post-Auction Credit Rate is a function of 
the resource clearing price. As a result, the RPM Auction must be solved iteratively until 
no MPCE violations exist. 

Effective witii the 2012/2013 Delivery Year, the RPM credit rate prior to the posting of 
the BRA results is equal to the greater of $20 per MW-day or 30 percent of the LDA net 
Cost of New Entry times the number of days in the delivery year, and the RPM credit 
rate after posting the BRA results is the greater of $20 per MW-day or 20 percent of the 
LDA resource clearing price for the relevant product type times the number of days in 
the delivery year.^^ The MPCE option permits participants to offer capacity when they 
could not otherwise offer capacity based on an uncertain RPM credit rate that could vary 
with clearing prices. 

Effective January 31, 2012, the 2.5 percent holdback is not subtracted from the Minimum 
Annual and Extended Summer Resource Requirements.^'' The first auction affected was 
the 2015/2016 BRA. The prior rule required that the Short-Term Resource Procurement 
Target, or 2.5 percent holdback, be subtracted from all product types including Annual, 
Extended Summer and Limited DR. Under the old rule, in the case where either the 
Minimum Armual Resource Requirement or Minimum Extended Summer Resource 
Requirement were binding, the maximum amount of Limited DR would be procured in 
the Base Residual Auction, leaving none to be procured in Incremental Auctions for the 
relevant delivery year. Under the new rule, the entire 2.5 percent is subtracted from the 
amount of Limited DR procured in the BRA, assuming eitiier the Minimum Annual 
Resource Requirement or Minimum Extended Summer Resource Requirement is 
binding. For example in the 2015/2016 BRA, applying the Short-Term Resource 

25 PJM. "Manual 18; PJM Capacity Market," Revision 19 (June 1,2013), p. 71-72. 

26 PJM. "Manual 18: PJM Capacity Market," Revision 19 (Jime 1, 2013), p. 71. 

2̂  138 FERC I 61,062 (2012). 
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Procurement Target reduced the amount of Limited DR procured by 4,069.4 MW, which 
is equal to 2.5 percent of 162,777.4, the demand adjusted for FRR. 

Preliminary Market Structure Screen 

The preliminary market structure screen (PMSS) was eliminated effective December 17, 
2012.28 The 2016/2017 RPM Base Residual Auction was the first BRA held after tiie PMSS 
was eliminated. 

Other Changes Affecting Supply and Demand 

The East Kentucky Power Cooperative (EKPC) Zone, which integrated into PJM on June 
1, 2013, was included in RPM for the first tune in the 2016/2017 RPM Base Residual 
Auction. 

On December 16, 2011, the U.S. Environmental Protection Agency (EPA) issued its 
Mercury and Air Toxics Standards rule (MATS), a final rule setting maximum 
achievable control technology (MACT) emissions standards for hazardous air pollutants 
(HAP) from coal- and oil-fired electric utility steam generating units, pursuant to section 
112(d) of the Clean Air Act.̂ ^ The rule requires comptiance by April 16, 2015 with the 
possibility of one year extensions being granted to individual generation owners.^ 

The State of New Jersey has separately addressed NOx emissions on peak energy days 
with a rule that defines peak energy usage days, referred to as High Electric Demand 
Days or HEDD.^i The rule implements performance standards on May 1, 2015, just prior 
to the commencement of the 2015/2016 DeUvery Year. 

Prior to the 2016/2017 RPM Base Residual Auction, the PJM Markets and Reliability 
(MRC) approved DR plan enhancements, which were meant to standardize the 
information requirements for offering plarmed DR into BRAs, increase the likelihood 
that offers were based on physical assets and reduce the level of speculative offers. A 

='8 Letter Order issued in Docket No. ER13-149 (November 28,2012). 

2̂  National Emission Standards for Hazardous Air Pollutants from Coal- and Oil-fired Electric Utility 
Steam Generating Units and Standards of Performance for fossil-Fuel-Fired Electric Utility, 
Industrial-Commercial-Institutional, and Small Industrial-Commercial-Institutional Steam 
Generating Units, EPA Docket No. EPA-HQ-OAR-2009-0234, 77 Fed. Reg. 9304 (February 16, 
2012). 

30 Id. a t 9465 . 

31 N.J.A.C. § 7:27-19. 
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group of Curtailment Service Providers (CSPs) filed a complaint with FERC on April 3, 

2013, and FERC granted the complaint on April 19, 2013.3= Although not in place for the 

2016/2017 BRA, the discussion and approval of the DR plan enhancements in the PJM 

stakeholder process could have resulted in a reduction in speculative DR offered 

compared to the prior BRA. 

D/IMU Methodology 

The M M U reviewed the following inputs to and results of the 2016/2017 RPM Base 

Residual Auction: 3̂ 

• Offer Cap. Verified that the avoidable costs, opportunity costs and net revenues 

used to calculate offer caps were reasonable and properly documented; 

• Net Revenues . Calculated actual imit-specific net revenue from PJM energy and 

ancillary service markets for each PJM Generation Capacity Resource for the period 

from 2010 through 2012; 

• M i n i m u m Offer Price Rule (MOPR). Reviewed unit specific, competitive entry, and 

self supply requests for exceptions to the MOPR;^^ 

• Mit igat ion of Planned Generat ion Capacity Resources. Reviewed sell offers for 

Planned Generation Capacity Resources to determine if consistent witii levels 

specified in Tariff; 

• Exported Resources. Verified that Generation Capacity Resources exported from 

PJM had firm external contracts or made documented and reasonable opportunity 

cost offers; 

32 See 143 FERC f 61,061 (2013). 

33 Unless otherwise specified, all volumes and prices are in terms of unforced capacity (UCAP), 
which is calculated as installed capacity (ICAP) times (1-EFORd) for generation resources 
and as ICAP times the Demand Resource Factor and the Forecast Pool Requirement (FPR) for 
Demand Resources and Energy Efficiency Resources. The EFORd values in this report are the 
EFORd values used in the 2016/2017 RPM Base Residual Auction. 

34 As FERC responded to PJM's filing for MOPR revisions in Dockets Nos. ER13-535-000 and 

ER13-535-001 on May 2,2013, which was after the MOPR related deadlines, MOPR exception 

requests for the 2016/2017 RPM Base Residual Auction were reviewed tmder both the 
effective and proposed MOPR at that time. 
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• Excused Resources. Reviewed exceptions to the RPM must offer requirement; 

• Maximum EFORd. Verified that the sell ofier EFORd levels were less than or equal 
to tiie greater of the one-year EFORd or the five-year EFORd for the period ending 
September 30,2012 or reviewed requests for alternate maximum EFORds; 

• Clearing Prices. Verified that the auction clearing prices were accurate, based on 
submitted offers,̂ ^ the Variable Resource Requirement (VRR) curves, and the 
Minimum Resource Requirements; 

• Market Structure Test. Verified that the market power test was properly defined 
using the TPS test, that offer caps were properly applied and that the TPS test results 
were accurate. 

Market Structure Tests 

As shown in Table 2, all participants in the RTO, MAAC, PSEG and ATSI RPM markets 
failed the TPS test.̂ ^ The result was tliat offer caps were applied to all sell offers for 
Existing Generation Capacity Resources when the Capacity Market Seller did not pass 
the test, the submitted sell offer exceeded the defined offer cap, and the submitted sell 
offer, absent mitigation, would have increased the market clearing price. Market power 
mitigation was applied to 50 Generation Capacity Resources, including 4,587.6 MW in 
the 2016/2017 RPM Base Residual Auction. AU other offers were competitive. 

In applying the market structure test, the relevant supply for the RTO market includes 
all supply from generation resources offered at less than or equal to 150 percent of the 
RTO cost-based clearing price.37 The relevant supply for the constrained LDA markets 
includes the incremental supply from generation resources inside the constrained LDAs 
which was offered at a price higher than the unconstrained clearing price for the parent 
LDA market and less than or equal to 150 percent of the cost-based clearing price for the 
constrained LDA. The relevant demand consists of the incremental MW needed in the 
LDA to relieve the constraint. 

35 Attachment A reviews why the MMU calculation of auction outcomes differs slightly from 
PJM's calculation of auction outcomes. 

36 See tiie 2012 State of the Market Report for P J M ( M a r c h 14 ,2013) , V o l u m e II, Sec t ion 2, " E n e r g y 
M a r k e t , " a n d the M M U Technical Reference for P J M Markets , a t " T h r e e P ivo t a l S u p p l i e r Tes t " 
for a more detailed discussion of market structure tests. 

37 Effective November 1, 2009, DR and EE resources are not included in the TPS test. See 129 
FERC I 61,081 (2009) at P 31. 
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Table 2 presents the results of the TPS test and the one pivotal supplier test. A 
generation owner or owners are pivotal if the capacity of the owners' generation 
facilities is needed to meet the demand for capacity. The results of the TPS are measured 
by the Residual Supply Index (RSI3). The RSL is a general measure that can be used with 
any number of pivotal suppliers. The TPS test uses three pivotal suppliers. The subscript 
denotes the number of pivotal suppHers included in the test. If the RSL is less than or 
equal to 1.0, the supply owned by the specific generation owner, or owners, is needed to 
meet market demand and the generation owners are pivotal suppfiers with a significant 
ability to influence market prices. If the RSL is greater than 1.0, the supply of the specific 
generation owner or owners is not needed to meet market demand and those generation 
owners have a reduced ability to urulaterally influence market price.^^ 
MAAC/EMAAC/SWMAAC/DPL South/Pepco are presented togetiier because EMAAC, 
SWMAAC, DPL South, and Pepco were modeled but were not constrained LDAs in this 
auction. 

Table 2 RSI Results: 2016/2017 RPM Base Residual Auctions^ 

MAAC/EMAAC/SWMAAC/DPL South/Pepco 

ATSI/ATSI Cleveland 

Total Failed RSI3 

RSI3 Participants Participants 

0,78 ;•.;., 

0.56 
Qm<, : ; 

aoo 

\;::..KA59.>.-;.\ 
0.38 

.,,,j.po,v;::.; 
0.00 

":>;;:.^:IIO:>;A;C 

6 
.v^-^-^^^-1-./-'^ 

1 

U-{ :.:110 
6 

• : - - - " i 

1 

Offer Caps 

The defined Generation Capacity Resource owners were required to submit ACR or 
opportrmity cost data to the MMU by 120 days prior to the 2016/2017 RPM Base 
Residual Auction.** Market power mitigation measures are applied to Existing 
Generation Capacity Resources such that the sell offer is set equal to the defined offer 

38 The market definition used for the TPS test includes all offers with costs less than or equal to 
1.50 times the clearing price. The appropriate market definition to use for the one pivotal 
supplier test includes aU offers with costs less than or equal to 1.05 times the clearing price. 
See the MMU Technical Reference for PJM Markets, at "Three Pivotal Supplier Test" for 
additional discussion. 

3̂  The RSI shown is the lowest RSI in the market. 

40 The deadline for data submission changed from two months prior to the auction to 120 days 
prior to the auction, effective December 17, 2012, by letter order in FERC Docket No. ER13-
149 (November 28, 2012). 
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cap when the Capacity Market Seller fails the market structure test for the auction, the 
submitted sell offer exceeds the defined offer cap, and the submitted sell offer, absent 
mitigation, would increase the market clearing price.'*i For RPM Base Residual Auctions, 
offer caps are defined as avoidable costs less PJM market revenues or opportunity costs. 

Avoidable costs are the costs that a generation owner would not incur if the generating 
unit did not operate for one year, in particular the delivery year.'^ In the calculation of 
avoidable costs, there is no presumption that the unit would retire as the alternative to 
operating, although that possibiUty could be reflected if the owner documented that 
retirement was tiie alternative. Avoidable costs may also include armual capital recovery 
associated with investments required to maintain a unit as a Generation Capacity 
Resource, termed Avoidable Project Investment Recovery (APIR), Avoidable cost based 
offer caps are defined to be net of revenues from all other PJM markets and luiit-specific 
bilateral contracts. Capacity resource owners could provide ACR data by providing their 
own urut-specific data or by selecting the default ACR values. The specific components 
of avoidable costs are defined in the PJM Tariff.* 

The opportunity cost option allows Capacity Market Sellers to input a documented price 
available in a market external to PJM, subject to export liiruts. If the relevant RPM 
market clears above the opportunity cost, the Generation Capacity Resource is sold in 
the RPM market. If the opportunity cost is greater than the clearing price and the 
Generation Capacity Resource does not clear in the RPM market, it is available to sell in 
the external market. 

The MMU calculated offer caps for 638 generation resources, of which 491 were based 
on the technology specific default (proxy) ACR values.^ No generation resources elected 
to use the retirement ACR in the 2016/2017 BRA. The default ACR values for the 
2016/2017 Delivery Year were calculated by applying the applicable annual rate of 
change in the Handy-Whitman Index value to update the base values through 2012/2013 
for which data were available and applying the most recent ten year armual average rate 
of change in the Handy-Whitman Index to recalculate the default ACR values for 

41 OATT Attachment DD § 6.5. 

42 OATT Attachment DD § 6.8 (b). 

43 O A T T At t achmen t D D § 6.8 (a). 

44 Four genera t ion resources h a d bo th ACR based a n d oppor tun i ty cost ba sed offer caps 
calculated, and 25 generation resources had uncapped planned uprates along with ACR 
based offer caps calculated for the existing portion. 
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2013/2014 tiirough 2015/2016 prior to estimating the default ACR values for the 
2016/2017 DeHvery Year.45 

Unit-specific offer caps were calculated for 139 generation resources (11.6 percent) 

including 138 generation resources (11.5 percent) with an Avoidable Project Investment 

Recovery Rate (APIR) component and one generation resource (0.1 percent) without an 

APIR component. Owners submitted unit-specific cost data, the MMU calculated net 

revenue data for these units, and the MMU calculated the unit-specific offer caps based 

on that data. Of the 1,199 generation resources offered, 31 Planned Generation Capacity 

Resources had uncapped ofiers, 15 generation resources had planned uprates with 

uncapped offers plus default ACR based offer caps calculated for the existing portion of 

the units, 11 generation resources had plaimed uprates with uncapped offers plus price 

taker status for the existing portion of the units, while the remaining 519 generation 

resources were price takers.46 

As shown in Table 4, the weighted average gross ACR for imits with APIR ($352.84 per 

MW-day) and the weighted-average offer caps, net of net revenues, for units with APIR 

($180.23 per MW-day) decreased from the 2015/2016 BRA values of $401.95 per MW-day 

and $246.63 per MW-day, due primarily to lower weighted average gross ACRs for 

combined cycle, combustion turbine, oil and gas steam units, and 

subcritical/supercritical coal units. 

The APIR component added an average of $191.19 per MW-day to the ACR value of the 

APIR imits compared to $238.79 per MW-day in the 2015/2016 BRA.4? 48 j h e highest 

APIR for a technology ($236.99 per MW-day) was for subcritical/supercritical coal units. 

45 

46 

47 

48 

The default Avoidable Cost Rate (ACR) escalation method which had been recommended by 
the MMU was approved and became effective on Febmary 5, 2013 for the 2016/2017 and 
subsequent Delivery Years. See 142 FERC ^ 61,092 (2013). 

Planned Generation Capacity Resources are subject to different market power mitigation 
mles than Existing Generation Capacity Resources. For RPM mles on mitigation, see OATT 
Attachment DD § 6,5 (a) (ii). For the definition of Planned Generation Capacity Resource, see 
"Reliability Assurance Agreement Among Load Serving Entities in the PJM Region", Section 
1.70. 

The net revenue offset for an individual imit could exceed the corresponding ACR. In that 
case, the offer cap w^ould be zero. 

The 138 resources which had an APIR component submitted $1.8 billion for capital projects 

associated witii 27,384.2 MW of UCAP. 
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The maximum APIR effect ($773.08 per MW-day) is the maximum amount by which an 
offer cap was increased by APIR. 

Offer caps for units without an APIR component, including imits for which the default 
value was selected, decreased from $17.86 per MW-day to $16.07 per MW-day due 
primarily to lower weighted-average gross ACRs and higher weighted-average net 
revenues for uruts without an APIR component.49 

Table 3 ACR statistics: 2016/2017 RPM Base Residual Auction 

Offer Cap/IVlitigation Type 
Number of Generation Percent of Generation 

Resources Offered Resources Offered 

;pe«ACR:^;^I^H::::!-v::v^-;M : • • ; : - r w ---^i 
ACR d̂ate inputjAPIR) ^ 

Opportunity cost 
p&ltAdR aS oppblî  
Uncapped planned uprates and default ACR 
Uncapped planned uprates and opportunitŷ cpst.̂ ^̂ ^̂ ^̂ ^̂ ^̂  
Uncapped planned uprates and price taker 
lUrtcapp^'plaiTned gerierati6n;fesouftes '̂:--^^^^ ^̂ -̂
Existing generation resources as price takers 
Total Geheratidn Capacity Resources offered ^^--^^ 

-47i:.>vv:-^>-
138 

'W'\::-c-^--i.-::-
8 

-(:^;^l^^-->r;?.e 

15 

11 
- ' .B1••^•<v^r^ ; ; ; - : 

519 

nv;:->:;:39.3% 
11.5% 

•^;'-..ffi^^0.1% 
0.7% 

•k&''---oM 
1.3% 

' . " - : • - • •^^^^ ; :> 2 . 6 % 

43.3% 
1,199 100.0% 

49 The default ACR values include an average APIR of $1.39 per MW-day compared to $1.48 
per MW-day in the 2015/2016 BRA. 
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Table 4 APIR statistics: 2016/2017 RPM Base Residual Auctions^ si 

Weighted-Average (S per fJWN-day UCAP) 
Subcritical/ 

Combined Combustion Oil or Gas Supercritical 

Cycle Turbine Steam Coal Other 
Noh-APIRuriits'" '-- " 
ACR 
Net revenues 
Offer caps 

APIR units 
ACR 
Net revenues 
Ofer caps 
APIR 

Maximum APIR effect 

•• ' • " ' • - ' - • ' - . ' • " • " ! ' ) ? • ' , ' • V " ' 

$4211 
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$4 80 
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> $5248 
$72 50 
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$14 45 
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$93 23 
$17 49 
$7912 
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$4233 
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$29 03 
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$22252 
$21388 
$236 99 
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$75.69 
$228.59 

$4 63 

$5320 
$6215 
$5.91 

$2301 

' ' . :K^.i^:~i^:_'Y 

$102.23 
$150.24 
$16 07 

'$35284 
$177 14 
$180.23 
$19119 

$773.08 

Generation Capacity Resource Changes 

As shown in Table 3, offers were submitted for 1,199 generation resources in the 
2016/2017 RPM Base Residual Auction compared to 1,168 generation resources offered 
in the 2015/2016 RPM Base Residual Auction, or a net increase of 31 generation 
resources. This was a result of 99 additional generation resources offered offset by 68 
fewer generation resources offered. 

The 99 additional generation resources offered consisted of 36 new resources (4,900.8 
MW), 29 additional resources imported (3,026.3 MW), 18 East Kentucky Power 
Cooperative (EKPC) integration resources not offered in the 2015/2016 BRA (2,537.3 
MW), nine resources that were excused and not offered in the 2015/2016 BRA (1,033.9 
MW), three repowered resources (920.2 MW), two resources that were previously 

™ The weighted-average offer cap can be positive even when the weighted-average net 
revenues are higher than the weighted-average ACR because the xmit-specific offer caps are 
never less than zero. On a unit basis, if net revenues are greater than ACR the offer cap is 
zero. 

5̂  For reasons oi confidentiality, tiie APIR statistics do not include opportunity cost based offer 
cap data. 
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entirely FRR committed (168.3 MW), one reactivated resource (17.6 MW), and one 
additional resource resulting from the disaggregation of an RPM resource.^^ 

The 36 new Generation Capacity Resources consisted of 11 diesel resources (36.1 MW), 
nine solar resources (32.1 MW), eight combined cycle resources (4,597.2 MW), five wind 
resources (54.3 MW), two CT resources (159.3 MW), and one steam unit (21.8 MW). In 
addition/ tiiere were new generation resources that were not offered in to the auction 
because they were either exported or entirely committed to FRR for the 2016/2017 
Delivery Year: one wind resource (12.8 MW) and one diesel resource (5.3 MW). 

The 68 fewer generation resources offered consisted of 33 additional resources excused 
from offering (1,706.0 MW), 28 deactivated resources (1,389.6 MW), three fewer 
resources resulting from aggregation of RPM resources, two additional resources 
committed fully to FRR (28.7 MW), and two Planned Generation Capacity Resources not 
offered (934.8 MW). In addition, there were the following retirements of resources that 
were eitiier exported, excused, or committed to an FRR capacity plan in the 2015/2016 
BRA: 25 steam units (2,207.1 MW) and 13 CT resources (245.0 MW). Table 5 shows 
Generation Capacity Resources for which deactivation requests have been submitted 
which affected supply between the 2015/2016 BRA and the 2016/2017 BRA. 

^̂  Unless otherwise specified, all volumes and prices are in terms of UCAP. 
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Table 5 Generation Capacity Resource Deactivations 

Resource Name 
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RTO Market Results 
Total Offers 
Table 6 shows total RTO offer data for the 2016/2017 RPM Base Residual Auction. All 
MW values stated in the RTO section include all nested LDAs.^ *̂ As shown in Table 8, 

^ Nested LDAs occur when a constrained LDA is a subset of a larger constrained LDA or the 
RTO. For example, MAAC and ATSI are nested in the RTO. 

^ Maps of the LDAs can be found in the 2i722 State of the Market Report for PJM, Appendix A, 
"PJM Geography." 
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total internal RTO unforced capacity (UCAP) decreased 3,709.2 MW (1.8 percent) from 
204,557.3 MW in tiie 2015/2016 RPM BRA to 200,848.1 MW.̂ s 

When comparing UCAP MW levels from one auction to another, two variables, capacity 
modifications and EFORd changes, need to be considered. The net internal capacity 
change attributable to capacity modifications can be determined by holding the EFORd 
level constant at the prior auction's level. The EFORd effect is the measure of the net 
internal capacity change attributable to EFORd changes and not capacity modifications. 
The 3,709.2 MW increase in internal capacity was a result of net generation capacity 
modifications (cap mods) (2,895.9 MW), net DR capacity changes (-10,690.1 MW), net EE 
modifications (262.5 MW), tiie EFORd effect due to lower sell offer EFORds (1,039.0 
MW), the DR and EE effect due to a higher Load Management UCAP conversion factor 
(47.8 MW), and tiie integration of tire EKPC Zone (2,735.7 MW).̂ ^ 

The net generation capacity modifications reflect new and reactivated generation, 
deactivations, and cap mods to existing generation. Total internal RTO unforced 
capacity includes all Generation Capacity Resources, Demand Resources, and Energy 
Efficiency Resources that qualified as PJM Capacity Resources for the 2016/2017 RPM 
Base Residual Auction, excluding external units, and also includes owners' 
modifications to installed capacity (ICAP) ratings which are permitted under the PJM 
Reliability Assurance Agreement (RAA) and associated manuals.^'' The ICAP of a unit 
may only be reduced through a cap mod if the capacity owner does not intend to restore 
the reduced capability by the end of the planning period following the planning period 

5̂  The maximum capacity within a coupled Demand Resource group was included in the 
internal capacity values and capacity changes reported. 

^ The UCAP value of a load management product is equal to the ICAP value multiplied by the 
Demand Resource (DR) Factor and the Forecast Pool Requirement (FPR). For the 2015/2016 
BRA, this coiwersion factor was 0.955*1.0859 = 1.0370. For the 2016/2017 BVA, this factor was 
0.955*1.0902 = 1.0411. The DR Factor is designed to reflect the difference in losses that occur 
on the distribution system between the meter where demand is measured and the 
transmission system. The FPR multiplier is designed to recognize the fact that when demand 
is reduced by one MW, the system does not need to procure that MW or the associated 
reserve. See "ReKability Assurance Agreement Among Load Serving Entities in the PJM 
Region", Schedule 6, Section B. See also PJM. "Manual 20: PJM Resource Adequacy 
Analysis," Revision 05 (Febmary 1,2013), p. 13-15. 

57 See "Reliability Assurance Agreement Among Load Serving Entities in the PJM Region,' 
Schedule 9. 
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in question.^^ Otherwise the owner must take an outage, as appropriate, if the owner 
cannot provide energy consistent witii the ICAP of the unit. Capacity, DR plan changes, 
and EE modifications were the result of owner reevaluation of the capabilities of their 
generation, DR and EE, at least partially in response to the incentives and penalties 
contained in RPM. 

After accounting for FRR committed resources and for imports, total RPM capacity was 
194,324.1 MW compared to 194,126.5 MW in tiie 2015/2016 RPM Base Residual 
Auction.^^ FRR volumes decreased by 360.8 MW, and imports increased by 3,546.0 MW. 
Of the 7,491.5 MW of imports, 447.8 MW were committed to an FRR capacity plan and 
7,493.7 MW were offered in the auction, of which all 7,482.7 MW cleared. Of the cleared 
imports, 4,723.1 MW (63.1 percent) were from MISO. RPM capacity was reduced by 
exports of 1,211.6 MW, a decrease of 2.6 MW from the 2015/2016 RPM Base Residual 
Auction. Of total exports, 674.0 MW (55.6 percent) were to the NYISO and 537.6 MW 
(44.4 percent) were to MISO. 

In addition, RPM capacity was reduced by 1,451.1 MW of Planned Generation Capacity 
Resources which were not subject to the RPM must offer requirement and by 3,620.6 
MW which were excused from the RPM must offer requirement, a decrease of 3,659.9 
MW from the 2015/2016 RPM Base Residual Auction. The excused Existing Generation 
Capacity Resources were the result of plans for retirement (3,555.3 MW), significant 
physical operational restrictions (15.8 MW), and the resource being considered existing 
for purposes of the RPM must offer requirement and mitigation only because it cleared 
an RPM Auction in a prior delivery year but is unable to achieve full commercial 
operation prior to the delivery year (49.5 MW).^ Subtracting 2,225.4 MW of FRR 
optional volumes not offered, an increase of 2,066.5 MW from the 2015/2016 RPM Base 
Residual Auction, and 1,435.4 MW of DR and EE not offered, resulted in 184,380.0 MW 
that were available to be offered in the RPM Auction, an increase of 5,792.3 MW fiom 

^ PJM. "Manual 21; Rules and Procedures for Determination of Generating Capability," 
Revision 09 (May 1,2010), p. 11. The manual states "the end of the next Delivery Year." 

^̂  The FRR alternative allows a load serving entity (LSE), subject to certain conditions, to avoid 
direct participation in the RPM Auctions. The LSE is required to submit an FRR capacity plan 
to satisfy the unforced capacity obligation for all load in its service area. 

^ See OATT Attachment M-Appendix § n.C.4 for the reasons to qualify for an exception to the 
RPM must offer requirement. 
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the 2015/2016 RPM Base Residual Auction.^^ 2̂ ^f^er accounting for tiie above, 0.0 MW 
were not offered in the RPM Auction. 

Offered MW increased 5,792.3 MW from 178,587.7 MW to 184,380.0 MW, while tiie 
overall RTO Reliability Requirement adjusted for FRR obligations, from which the 
demand curve is developed, increased 3,350.1 MW from 162,777.4 MW to 166,127.5 
MW.'^ The RTO Reliability Requirement adjusted for FRR obligations is calculated as the 
RTO forecast peak load times the Forecast Pool Requirement (FPR), less FRR UCAP 
obligations. The FPR is calculated as (1+Installed Reserve Margin) times (1-Pool Wide 
Average EFORd), where the Installed Reserve Margin (IRM) is the level of installed 
capacity needed to maintain an acceptable level of reliability.^'* The 3,350.1 MW increase 
in tiie RTO Reliability Requirement adjusted for FRR obligations from the 2015/2016 
RPM Base Residual Auction was a result of a 202.0 MW decrease in the FRR obligation 
and a 3,148.1 MW increase in the RTO Reliability Requirement not adjusted for FRR, 
shifting the RTO market demand curve to the right. The forecast peak load expressed in 
terms of installed capacity increased 2,244.0 MW from the 2015/2016 RPM Base Residual 
Auction to 165,412.0 MW. The 3,148.1 MW increase in the RTO Reliabitity Requirement 
was a result of a 2,436.8 MW increase in the forecast peak load in UCAP terms holding 
the FPR constant at tiie 2015/2016 level and a 711.3 MW increase attaibutable to the 
change in the FPR. 

Minimum DR Requirements 

PJM's auction clearing mechaiusm will result in a higher price for Extended Summer 
Resources if the MW of Extended Stunmer Resources that would otherwise clear the 
auction are less than the Minimum Extended Summer Resource Requirement that PJM 
requires for reliability. In that case the auction clearing mechanism will select Extended 
Summer Resources that are more expensive than the clearing price that would otherwise 

^̂  FRR entities are allowed to offer in the RPM Auction excess volumes above their FRR 
quantities, subject to a sales cap amount. The 2,225.4 MW are a combination of excess 
volumes included in the sales cap amount which were not offered in the auction and 
volumes above the sales cap amount which were not permitted to offer in the auction. 

62 Unoffered DR and EE MW include PJM approved DR plans and EE modifications that were 
not offered in the auction. 

^ The maximum capacity within a coupled Demand Resource group was included in the 
offered capacity values reported. 

64 PJM. "ReliabiUty Assurance Agreement Among Load Serving Entities in the PJM Region,' 
Schedule 4.1.<http://www.pjin.com/~/media/documents/agreeinents/raa.ashx> 
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result in order to procure the defined minimum resource requirements for the Extended 
Summer product. Hiis is referred as the Minimum Extended Summer Resource 
Requirement being a binding constraint. Similarly, PJM's auction clearing mechanism 
wiU result in a higher price for Annual Resources if the MW of Aimual Resources that 
would otherwise clear the auction are less than the Minimum Annual Resource 
Requirement that PJM requires for retiability. In that case the auction clearing 
mechanism will select Annual Resources that are more expensive than the clearing price 
that would otherwise result in order to procure tiie defined minimum resource 
requirements for the Annual Resources. This is referred as the Minimum Annual 
Resource Requirement being a binding constraint. 

The Minimum Extended Summer Resource Requirement and the Minimum Armual 
Resource Requirement were not binding constraints for the RTO in the 2016/2017 BRA. 
As shown in Figure 1, the resource clearing price for Limited, Extended Summer, and 
Annual Resources for the RTO was $59.37 per MW-day. 

Clearing Results 

The Net Load Price that load serving entities (LSEs) will pay is equal to the Final Zonal 
Capacity Price less the final Capacity Transfer Rights (CTR) credit rate.^ As shown in 
Table 6, tiie preUminary Net Load Price is $59.37 per MW-day in the RTO. 

As shown in Table 6, tiie cleared and make-whole MW of 169,159.7 for the entire RTO, 
which represented a reserve margin of 21.5 percent, resulted in net excess of 7,185.4 MW 
over the reliability requirement of 166,127.5 MW (Installed Reserve Margin (IRM) of 15.6 
percent). ^̂ - ^̂  Net excess increased 1,329.5 MW from the net excess of 5,855.9 MW in the 
2015/2016 RPM Base Residual Auction. As shown in Figure 1, the downward sloping 
VRR demand curve resulted in a clearing price for Limited, Extended Summer, and 
Annual Resources of $59.37 per MW-day. 

&5 Effective with the 2012/2013 Delivery Year, Final Zonal Capacity Prices and tiie final CTR 
credit rate are determined after the final Incremental Auction. 

^ Prior to the 2012/2013 Delivery Year, net excess under RPM was calculated as cleared 
capacity plus make-whole MW less the reliability requirement plus ILR. For the 2012/2013 
Delivery Year and beyond, net excess under RPM is calculated as cleared capacity plus make-
whole MW less the reliability requirement plus ttie Short-Term Resource Procurement 
Target. 

^̂  The IRM increased fiom 15.4 percent in the 2015/2016 RPM Base Residual Auction to 15.6 
percent in the 2016/2017 RPM Base Residual Auction. 
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If the market clears on a nonflexible supply segment, a sell offer that specifies a 
minimum block MW value greater tiian zero, the Capacity Market Seller will be 
assigned make-whole MW equal to the difference between the sell offer minimum block 
MW and the sell offer cleared MW quantity if that solution to the market clearing 
minimizes tiie cost of satisfying the reliability requirements across tiie PJM region.^^ The 
make-whole payment for partially cleared resources equals the make-whole MW times 
the clearing price. A more efficient solution could include not selecting a nonflexible 
segment from a lower priced offer and accepting a higher priced sell offer that does not 
include a minimum block MW requirement.^^ The market results in the 2016/2017 BRA 
did not include make-whole MW and payments resulting from partially cleared 
resources. Make-whole MW and payments can also occur for resources electing the New 
Entry Price Adjustment (NEPA) or Multi-Year Pricing Option.™ ^̂  In the two subsequent 
BRAs, if a qualifying resource does not clear, the process specified in the Tariff is 
triggered, and the resource is awarded a make-whole payment'^ The market results in 
the 2016/2017 BRA did not include make-whole MW or payments related to NEPA or 
Multi-Year Pricing Option. 

Table 9 shows cleared MW by zone and fuel source. Of the 168,716.0 MW offered for 
generation resources, 155,634.3 MW cleared (92.2 percent). Of tiie 169,159.7 cleared MW 
in tiie entire RTO, 25,551.2 MW (15.1 percent) cleared in Dominion, followed by 25,346.3 
MW in ComEd (15.0 percent) and 15,576.0 MW (9.2 percent) in AEP. Of tiie 155,634.3 
cleared MW for generation resources in the entire RTO, 60,207.4 MW (38.7 percent) were 
gas resources, followed by 46,681.1 MW (30.0 percent) from coal resources and 30,801.1 
MW (19.8 percent) from nuclear resources. 

The 15,220.3 MW uncleared MW in the entire RTO were the result of offer prices which 
exceeded the clearing prices. Of the 15,220.3 uncleared MW in the entire RTO, 39.5 MW 
were EE offers, 2,099.1 MW were DR offers, and tiie remaining 13,081.7 MW were 
generation offers. Table 10 presents details on the generation offers that did not clear. Of 
the 13,081.7 MW of uncleared generation offers, 7,448.0 MW (56.9 percent) were for 
generation resources greater than 40 years old, and 5,633.7 MW (43.1 percent) were for 

68 OATT Attachment DD § 5.14 (b). 

69 OATT Attachment DD § 5.12 (a). 

70 OATT Attachment DD § 5.14 (c) (2). 

''1 OATT Attachment DD g 6.8 (a). 

^ OATT Attachment DD § 5.14 (c) (2) (ii). 
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generation resources less than or equal to 40 years old. Of the 13,081.7 MW of uncleared 
offers for generation resources, 10,545.1 MW were offers for resources including costs 
associated with environmental regulation compliance that were not previously included 
in APIR. 

Table 11 shows the auction results for the prior two delivery years for the generation 
resources that did not dear some or all MW in the 2016/2017 BRA. Of tiie 56 generation 
resources that did not clear 13,081.7 MW in the 2016/2017 BRA, 15 of those generation 
resources did not clear 5,301.5 MW in RPM Auctions for tiie 2015/2016 Delivery Year. Of 
those 15 generation resources that did not clear MW in RPM Auctions for the 2016/2017 
and 2015/2016 DeUvery Years, three of those generation resources did not clear 272.0 
MW in RPM Auctions for the 2014/2015 Delivery Year. Thus, 5,301.5 MW of capacity did 
not clear in two sequential auctions, but only 272.0 MW did not clear in three sequential 
auctions. 

Constraints in RPM Markets: CETO/CETL 

Since the ability to import energy and capacity in LDAs may be limited by the existing 
transmission capabiHty, a load deliverability analysis is conducted for each LDA.^ The 
first step in this process is to determine the transmission import requirement in to an 
LDA, called the Capacity Emergency Transfer Objective (CETO). This value, expressed 
in unforced megawatts, is tbe tiansmission import capability required for each LDA to 
meet the area reliability criterion of loss of load expectation of one occurrence in 25 years 
when the LDA is experiencing a localized capacity emergency. 

The second step is to determine the transmission import Umit for an LDA, called the 
Capacity Emergency Transfer Limit (CETL), which is also expressed in unforced 
megawatts. The CETL is the ability of the transmission system to deliver energy into the 
LDA when it is experiencing the localized capacity emergency used in the CETO 
calculation. 

If CETL is less tiian CETO, transmission upgrades are planned under the Regional 
Transmission Expansion Planning (RTEP) Process. However, if transmission upgrades 
cannot be built prior to a delivery year to increase the CETL value, locational constraints 
could result under RPM, causing locational price differences.^'* 

5̂ PJM. "Manual 14B: PJM Region Transmission Planning Process, Attachment C: PJM 
Deliverability Testing Methods," Revision 24 Qune 5, 2013), p. 52. Manual 14B indicates that 
all "electrically cohesive load areas" are tested. 

74 PJM. "Manual 18: PJM Capacity Market," Revision 19 (June 1,2013), p. 10. 
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Under the Tariff, PJM determines, in advance of each BRA, whether defined Locational 
Deliverability Areas (LDAs) will be modeled in the auction. Effective witii the 2012/2013 
Delivery Year, an LDA will be modeled as a potentially constrained LDA for a delivery 
year if the Capacity Emergency Transfer Limit (CETL) is less than 1.15 times the 
Capacity Emergency Transfer Objective (CETO), such LDA had a locational price adder 
in one or more of the three immediately preceding BRAs, or such LDA is determined by 
PJM in a preliminary analysis to be likely to have a locational price adder based on 
historic offer price levels. The rules also provide that starting with the 2012/2013 
Delivery Year, EMAAC, SWMAAC, and MAAC LDAs will be modeled as potentially 
constrained LDAs regardless of the results of the above three tests.^^ In addition, PJM 
may establish a constrained LDA even if it does not qualify under tiie above tests if PJM 
finds that "such is required to achieve an acceptable level of reliability."''^ A reliability 
requirement, a Variable Resource Requirement (VRR) curve, a Minimum Armual 
Resource Requirement, and a Minimum Extended Summer Resource Requirement are 
established for each modeled LDA. 

Table 12 shows the CETL and CETO values used in the 2016/2017 study compared to the 
2015/2016 values. The increase in CETL for the ATSI LDA is mainly due to several RTEP 
projects developed since the 2015/2016 BRA study to alleviate reUability concerns." The 
ATSI Cleveland LDA was modeled for the first time in the 2016/2017 BRA, because it is a 
sub-region of the ATSI LDA and shares the same reUability concerns associated with 
significant generation retirements. 

The Price Impacts of Constraints in the RPM Market 

As is the case in locational energy markets, transmission constraints in the PJM capacity 
markets affect clearing prices both by increasing prices in constrained areas and 
decreasing prices in unconstrained areas. Conversely, removing constraints reduces 
prices in constrained areas and increases prices in unconstrained areas. The impact on 
total market revenues depends on tfie relative sizes of the various markets as well as the 
shapes of the supply and demand curves in the various markets. 

5̂ Prior to the 2012/2013 DeUvery Year, an LDA with a CETL less than 1.05 times CETO was 
modeled as a constrained LDA in RPM. No additional criteria were used in determining 
modeled LDAs. 

76 OATT Attachment DD § 5.10 (a) (ii). 

^ See PJM "2016/2017 RPM Base Residual Auction Planning Period Parameters" 
<http://www.pim.eom/~/media/markets-ops/rpm/rpm-auction-info/2016-2017-planning-
period-parameters-report. ashx> (February 1,2013). 
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There were three locationally binding constraints in the 2016/2017 BRA which resulted 
in demand clearing in locationally constrained LDAs which did not clear in the RTO 
market. The result was to shift the demand curve in tiie RTO market to the left along the 
upwardly sloping supply curve and to reduce the price in the RTO market. The price 
impact is tiie result both of the size of the shift of the demand curve and the slope of tiie 
supply curve. The larger the shift in the demand curve and the steeper the slope of the 
supply curve, the greater the price impact. 

Nested LDAs occur when a constrained LDA is a subset of a larger constrained LDA or 
the RTO. The supply and demand curves for nested LDAs can be presented in two 
different ways to iUustrate the market clearing dynamic. The supply curves in the 
graphs in this report, unless otherwise noted, show the total internal supply of the LDA, 
including all nested LDAs and not including CETL MW. The demand curve is reduced 
by the CETL and by the MW that cleared incrementally in the constrained, nested LDAs. 

Composition of the Steeply Sloped Portion of the Supply Curve 

Table 13 shows the composition of the ofiers on the steeply sloped portion of the total 
RTO supply curve fiom $35.00 per MW-day up to and including the highest offer of 
$722.64 per MW-day. Offers for DR and EE resources were 19.7 percent of the offers 
greater than $35.00 per MW-day. Offers for subcritical/supercritical coal uiuts, combined 
cycles, oil or gas steam, and combustion turbines made up 80.2 percent of the offers 
greater tiian $35.00 per MW-day. 

Short-Term Resource Procurement Target (2.5 Percent Shift in 
Demand Curve) 

Effective for tiie 2012/2013 Delivery Year, ILR was elinunated. Prior to this, PJM 
subtracted the ILR forecast from the reliability requirement. Under the current rules, 
application of the Short-Term Resource Procurement Target means that 2.5 percent of 
the reUability requirement is removed from the demand curve. The stated rationale is 
that this provides for short lead time resource procurement in incremental auctions for 
the given delivery year. For the 2016/2017 BRA, the 2.5 percent reduction resulted in the 
removal of 4,153.2 MW from the RTO demand curve. For comparison purposes, in the 
2011/2012 BRA, removal of the ILR forecast fiom the reliabiUty requirement resulted in a 
reduction in demand of 1,593.8 MW, or 1.2 percent of the reUability requirement of 
130,658.7 MW. 

Table 14 shows the results if the demand curves had not been reduced by the Short-
Term Resource Procurement Target and every tiling else had remained the same. All 
binding constraints would have remained the same, except that the ATSI Minimum 
Extended Summer Resource Requirement would not have been binding. The RTO 
clearing price for Limited, Extended Summer, and Armual Resources would have 
increased to $85.71 per MW-day, and the clearing quantity would have increased to 
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172,886.9 MW. The MAAC clearing price for Limited, Extended Summer, and Aimual 
Resources would have increased to $130.00 per MW-day, and the clearing quantity 
would have increased to 68,088.6 MW. The ATSI clearing price for Limited, Extended 
Summer, and Annual Resources would have increased to $122.97 per MW-day, and the 
clearing quantity would have increased to 8,979.2 MW. 

The conclusion is that the removal of 2.5 percent of demand significantly reduced the 
clearing prices and quantities for all the RPM LDA markets. The clearing quantities of 
Annual Resources, including generation and Annual DR, were reduced as a result of the 
2.5 percent demand reduction. 

Based on actual auction clearing prices and quantities and make-whole MW, total RPM 
market revenues for the 2016/2017 RPM Base Residual Auction were $5,513,237,849. If 
the VRR curves had not been reduced by the Short-Term Resource Procurement Target, 
total RPM market revenues for tiie 2016/2017 lOPM Base Residual Auction would have 
been $6,894,277,704, an increase of $1,381,039,855, or 25 percent, compared to tiie actual 
results. The use of the Short-Term Resource Procurement Target resulted in a 20 percent 
reduction in RPM revenues for the 2016/2017 Base Residual Auction. 

The MMU recommends that the use of tiie 2.5 percent demand adjustment be 
terminated immediately.'^ The 2.5 percent demand reduction is a barrier to entry in the 
capacity market for both new generation capacity and new DR capacity. The logic of 
reducing demand in a market design that looks three years forward, to permit other 
resources to clear in incremental auctions, is not supportable and has no basis in 
economics. There are tradeoffs in using a one year forward or a three year forward 
design, but the design should be implemented on a consistent basis. Removing a portion 
of demand affects prices at the margin, which is where the critical signal to the market is 
determined. The proposal to eUminate the Short Term Resource Procurement Target is 
not counter to the interests of DR. Most DR clears in the BRA where prices have been 
substantially higher than in the incremental auctions. Price suppression is a barrier to 
the entry of new Demand Resources in exactly the same way that it is a barrier to the 
entry of new generation resources. In the 2016/2017 BRA, the result of reducing demand 
by 2.5 percent was to reduce prices in the eastern part of PJM and to reduce the quantity 
of capacity purchased in the eastern part of PJM. The result was also to significantly 
reduce the clearing price for the RTO market and reducing total payments to capacity by 
a significant amount. The 2.5 percent offset was added to permit DR to clear in 
incremental auctions. It was not added to coimter persistent forecast errors. Forecast 

^̂  See also the Protest of the Independent Market Monitor for PJM, Docket No. ER12-513 (December 
22,2011). 
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errors should be addressed directly and explicitly for all PJM forecasts. It is essential that 
PJM use the same forecasts for capacity markets and for transmission planning to ensure 
the long term consistency of RTEP and RPM. To effectively use a lower forecast for 
capacity in RPM by reducing demand by an arbitrary 2.5 percent would result in biasing 
the overall market results in favor of transmission rather than generation solutions to 
reUability issues. 

Demand Side Resources in RPM 

There are two categories of demand side products included in the RPM market design 
for tiie 2016/2017 BRA:^ so 

• Demand Resources (DR). Interruptible load resource that is offered in an RPM 
Auction as capacity and receives the relevant LDA or RTO resource clearing price. 

• Energy Efficiency (EE) Resources. Load resources that are offered in an RPM 
Auction as capacity and receive the relevant LDA or RTO resource clearing price. An 
EE Resource is a project designed to achieve a continuous (during peak periods) 
reduction in electric energy consumption during peak periods that is not reflected in 
the peak load forecast for the delivery year for which the Energy Efficiency Resource 
is proposed, and that is fully implemented at all times during the relevant delivery 
year, without any requirement of notice, dispatch, or operator intervention. ̂^ The 
peak period definition for the EE Resource type is even more limited than Limited 
DR, including only the period from the hour ending 1500 and the hour ending 1800 
from June through August, excluding weekends and federal holidays. The EE 
Resource type was eUgible to be offered in RPM Auctions starting with the 2012/2013 
DeUvery Year and in incremental auctions in the 2011/2012 DeUvery Year.̂ ^ 

^ Effective June 1, 2007, the PJM Active Load Management (ALM) program was replaced by 
the PJM Load Management (LM) program. Under ALM, providers had received a MW credit 
which offset their capacity obUgation. With the introduction of LM, qualifying load 
management resources can be offered in RPM Auctions as capacity resources and receive the 
clearing price. 

^ Interruptible load for reUabiUty (ILR) is an kiterruptible load resource that is not offered into 
the RPM Auction, but receives the final zonal ILR price determined after the second 
incremental auction. The ILR product was eliminated as o( the 2012/2013 Delivery Year. 

ŝ  "ReUabiUty Assurance Agreement Among Load Serving Entities in the PJM Region," 
Schedule 6, Section M. 

82 Letter Order in Docket No. ERlO-366-000 (January 22,2010). 
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Effective with the 2014/2015 Delivery Year, there are three types of Demand Resource 
products incorporated in the RPM market design:^^^ 

• Annual DR, Demand Resource that is required to be available on any day in the 
relevant delivery year for an unlimited number of interruptions. Annual DR is 
required to be capable of maintaining each interruption for at least ten hours during 
the hours of 10:00 a.m. to 10:00 p.m. EPT for the period May through October and 
6:00 a.m. to 9:00 p.m. EPT for the period November through April. 

• Extended Summer DR. Demand Resource that is required to be available on any 
day from June through October and the following May in the relevant delivery year 
for an unlimited number of interruptions. Extended Summer DR is required to be 
capable of maintaining each interruption for at least ten hours during the hours of 
10:00 a.m. to 10:00 p.m. EPT. 

• Limited DR. Demand Resource that is required to be available on weekdays not 
including NERC holidays during the period of June through September in the 
relevant delivery year for up to 10 interruptions. Limited DR is required to be 
capable of maintaining each interruption for at least six hours during the hours of 
12:00 p.m. to 8:00 p.m. EPT. 

Table 15 shows offered and cleared capacity from Demand Resources and Energy 
Efficiency Resources in the 2016/2017 RPM Base Residual Auction compared to the 
2015/2016 RPM Base Residual Auction. Offers for DR decreased from 19,956.3 MW in the 
2015/2016 BRA to 14,507.2 MW in tiie 2016/2017 BRA, a decrease of 5,449.1 or 27.3 
percent. 

Table 16 shows offered and cleared MW for Dernand Resources by LDA and 
offer/product type in tiie 2016/2017 RPM Base Residual Auction. Of tiie 5,911.9 MW of 
non-coupled DR offers, 4,387.9 MW were for the Limited DR product. Of the possible 
DR coupling scenarios, the most frequentiy used was the Annual, Extended Summer, 
and Limited DR coupling group, with from 3,000 to 6,000 MW of DR offered this way. 
The fact that most offers were coupled provides evidence that suppliers are willing to 
offer a DR product that is almost comparable to generation resources in that it does not 
have such significant limitations on availability and tiiat tiiey will offer it at a higher 
price, reflecting the fact that such a product has higher costs. 

83 134 FERC 161,066 (2011). 

^̂  "ReUabiUty Assurance Agreement Among Load Serving Entities in the PJM Region," Article 
1. <http: //www.pjm. coin/~/media/documents/agreements/raa • ashx> 
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Table 17 shows the weighted average prices for DR by LDA and offer/product type. As 
would be expected, given their relative values, for the coupled DR offers, the offers for 
Annual DR were greater than the offers for Extended Summer DR which were greater 
than the offers for Limited DR. In addition, the Capacity Market Seller must specify a 
seU offer price of at least $0.01 per MW-day more for the less limited DR product type 
within a coupled segment group. 

In the absence of data on the marginal cost of providing DR and EE, it is difficult to 
determine whether such resources are offered at levels equal to, greater than or less than 
marginal cost. If such resources are offered at prices in excess of marginal cost, the result 
would be prices greater than competitive levels. If such resources are offered at prices 
less than marginal cost, the result would be prices less than competitive levels. Both 
potential outcomes are of significant concern. The RPM rules exempt DR and EE 
resources from market power mitigation. 

Impact of Inferior DR Product Types 

Effective for the 2014/2015 DeUvery Year, the RPM market design incorporates Aimual 
and Extended Summer DR product types, in addition to the previously estabUshed 
Limited DR product type. Each DR product type is subject to a defined period of 
availability, maximum number of interruptions, and maximum duration of 
interruptioi^. The Limited DR and the Extended Summer DR product types are both 
inferior to Generation Capacity Resources, because the obligation to deUver associated 
with both product types is inferior to the obligation to deliver associated with 
Generation Capacity Resources. Generation resources are obUgated to provide capacity 
every hour of the year if called. 

Table 18 shows the results if only generation and Aimual DR were offered in the 
2016/2017 RPM Base Residual Auction, that is all offers for Extended Summer and 
Limited DR products, including those within coupled DR offers, were excluded from 
supply. AU offers for Annual DR were included in supply^ including those in non-
coupled and coupled DR offers. The ATSI import limit would not have been binding. 
The RTO clearing price would have increased to $153.74 per MW-day, and the clearing 
quantity would have decreased to 167,254.1 MW. The MAAC clearing price would have 
increased to $175.00 per MW-day, and the clearing quantity would have decreased to 
65,915.3. The PSEG clearing price would have increased to $277.10 per MW-day, and the 
clearing quantity would have decreased to 6,200.6 MW. The ATSI clearing price would 
have increased to $153.74 per MW-day, and tiie clearing quantity would have increased 
to 9,943.2 MW. 

Based on actual auction clearing prices and quantities and make-whole MW, total RPM 
market revenues for the 2016/2017 RPM Base Residual Auction were $5,513,237,849. ft 
only generation and Annual DR were offered in the 2016/2017 RPM Base Residual 
Auction, total RPM market revenues for the 2016/2017 RPM Base Residual Auction 

Monitoring Analytics 2014 I www.monitor ing analytics, com 35 

http://www.monitor


would have been $10,141,586,456, an increase of $4,628,348,607, or 84 percent, compared 
to the actual results. The inclusion of the Limited and Extended Summer DR products 
resulted in a 46 percent reduction in RPM revenues for the 2016/2017 Base Residual 
Auction. 

WhUe competition from demand side resources improves the functioning of the market, 
that is not the result if the demand side resources are not comparable to other capacity 
resources. The purpose of demand side participation in RPM is to provide a mechanism 
for end-use customers to avoid paying the capacity market clearing price in return for 
agreeing to not use capacity when it is needed by customers who have paid for capacity. 
The fact that customers providing Limited DR only have to agree to interrupt ten times 
per year for a maximum of six hours per interruption represents a flaw in the design of 
the program. There is no reason to believe that the customers who pay for capacity will 
need the capacity used by participating LM customers only ten times per year or a 
maximum of 60 hours per year or only during defined summer hours. In fact, it can be 
expected that tiie probability of needing that capacity will increase with the amount of 
MW that participating LM customers clear in the RPM Auctions. This limitation means 
that the demand side resources sold in the RPM Auctions are of less value than 
generation capacity. As a result, demand side resources could make lower offers than 
they would if they offered a comparable resource. 

Given the significant impact of demand side resources on the RPM market outcomes, 
tiie MMU recommends that the definition of demand side resources be modified in 
order to ensure that such resources provide the same value in the capacity market as 
generation resources. Both the Limited and the Extended Summer DR products should 
be eliminated in order to ensure that the DR product has the same unlimited obligation 
to provide capacity year round as Generation Capacity Resources. As an example, ft a 
single demand side site could not interrupt more than ten times per year, a Curtailment 
Service Provider (CSP) could bundle multiple demand sites to provide unlimited 
interruptions. The cost of providing bundled sites would be expected to be greater than 
a single site and the offer price of such resources would also be expected to be greater. 
Such a modification would help ensure that demand side resources contribute to the 
competitiveness of capacity markets rather than suppressing the price below the 
competitive level. 

Impact of Short-Term Resource Procurement Target and Inferior DR 
Product Types 
Table 19 shows the results if the VRR curves had not been reduced by the Short-Term 
Resource Procurement Target and only generation and Annual DR were offered in the 
2016/2017 RPM Base Residual Auction and everything else had remained the same. The 
ATSI import limit would not have been binding. The RTO clearing price would have 
increased to $243.46 per MW-day, and the clearing quantity would have increased to 
169,457.4 MW. The MAAC clearing price would have increased to $266.49 per MW-day, 
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and the clearing quantity would have slightiy increased to 66,546.8 MW. The PSEG 
clearing price would have increased to $360.37 per MW-day, and the clearing quantity 
would have increased to 6,318.2 MW. Tlie ATSI clearing price would have increased to 
$243.46 per MW-day, and the clearing quantity would have increased to 10,329.4 MW. 

Based on actual auction clearing prices and quantities and make-whole MW, total RPM 
market revenues for tiie 2016/2017 RPM Base Residual Auction were $5,513,237,849. If 
the VRR curves had not been reduced by the Short-Term Resource Procurement Target 
and only generation and Annual DR were offered in the 2016/2017 RPM Base Residual 
Auction, total RPM market revenues for the 2016/2017 RPM Base Residual Auction 
would have been $15,834,365,769, an increase of $10,321^27,920, or 187 percent, 
compared to tiie actual results. The use of the Short-Term Resource Procurement Target 
together with the inclusion of tiie Limited and Extended Summer DR products resulted 
in a 65 percent reduction in RPM revenues for the 2016/2017 RPM Base Residual 
Auction. 

Impact of All DR 

Table 20 shows tiie resufts if tiiere were no offers for DR in the 2016/2017 RPM Base 
Residual Auction and everything else had remained the same. The RTO clearing price 
would have increased to $243.79 per MW-day, and the clearing quantity would have 
decreased to 165,296.7 MW. The MAAC clearing price would have increased to $279.22 
per MW-day, and tiie clearing quantity would have decreased to 64,723.0 MW. The 
PSEG clearing price would have increased to $317.17 per MW-day, and the clearing 
quantity would have decreased to 6,132.9 MW. The ATSI import Umit would not have 
been a binding constraint. 

Based on actual auction clearing prices and quantities and make-whole MW, total RPM 
market revenues for the 2016/2017 RPM Base Residual Auction were $5,513,237,849. If 
there were no offers for DR in the 2016/2017 RPM Base Residual Auction, total RPM 
market revenues for the 2016/2017 RPM Base Residual Auction would have been 
$15,630,600,107, an increase of $10,117,362,259, or 184 percent, compared to tiie actual 
results. The inclusion of Demand Resources resulted in a 65 percent reduction in RPM 
revenues for the 2016/2017 Base Residual Auction. 

These impacts combine the appropriate competitive impact of Annual DR with the price 
suppressing impacts of the Limited and Summer Unlimited DR products. 

Impact of Annual DR 

The inclusion of sell offers for Annual DR alone had a significant impact on the auction 
results. Based on actual auction clearing prices and quantities and make-whole MW, 
total RPM market revenues for the 2016/2017 RPM Base Residual Auction were 
$5,513,237,849. If only generation and Annual DR were offered in tiie 2016/2017 RPM 
Base Residual Auction, total RPM market revenues for tiie 2016/2017 RPM Base Residual 
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Auction would have been $10,141,586,456. If there were no offers for DR in the 2016/2017 
RPM Base Residual Auction, total RPM market revenues for the 2016/2017 RPM Base 
Residual Auction would have been $15,630,600,107, an increase of $5,489,013,652, or 54 
percent, compared to the results with only Annual DR. The inclusion of seU offers for 
Annual DR alone resulted in a 35 percent reduction in RPM revenues for the 2016/2017 
RPM Base Residual Auction compared to the revenues without any DR products. 

This is the best measure of the competitive impact of DR on the RPM market. The 
Annual DR product definition is the only one consistent witii being a capacity resource. 
Assuming that the DR meets appropriate measurement and verification standards and 
that the DR was offered with the intention of providing physical resources, competition 
from the Annual DR product resulted in a 35 percent reduction of payments for 
capacity. This demonstrates that Annual DR had a significant impact on market 
outcomes and resulted in the displacement of generation resources. Thus, even when the 
DR product is limited to the Annual DR product, DR has a significant and appropriate 
competitive impact on capacity market outcomes. As in prior BRAs, Extended Summer 
and Limited DR products also had a significant impact in the 2015/2016 BRA, but those 
impacts resulted from badly defined and inferior products. 

Impact of Environmental Regulation Compliance 

On December 16, 2011, the U.S. Environmental Protection Agency (EPA) issued its 
Mercury and Air Toxics Standards rule (MATS), a final rule setting maximum 
achievable control technology (MACT) emissions standards for hazardous air poUutants 
(HAP) from coal- and oil-fired electric utility steam generating units, pursuant to section 
112(d) of the Clean Air Act.^ The rule requires compliance by April 16, 2015.̂ ^ 

The State of New Jersey has separately addressed NOx emissions on peak energy days 
with a rule that defines peak energy usage days, referred to as High Electric Demand 
Days or HEDD.^^ The rule implements performance standards on May 1,2015, just prior 
to the commencement of the 2015/2016 Delivery Year. 

85 J\Iational Emission S tanda rds for Haza rdous A i r P o l l u t a n t s f rom Coal- and Oil-fired Electric Ut i l i ty 
Steam Genera t ing Un i t s a n d S tanda rds of Performance for Fossil-Fuel-Fired Electric Util i ty, 
Indus t r ia l -Commercia l - Ins t i tu t ional , a n d Small Indus t r ia l -Commerc ia l - Ins t i tu t iona l Steam 
Generating Units, EPA Docket No. EPA-HQ-OAR-2009-0234, 77 Fed. Reg. 9304 (February 16, 
2012). 

86 Id. a t 9465 . 

87 NJA.C § 7:27-19. 
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Table 21 shows the results if the APIR associated with environmental regulation 
compliance, which were not previously submitted, were removed. All binding 
constraints would have remained the same. The RTO clearing price for Limited, 
Extended Summer, and Annual Resources would have decreased to $55.00 per MW-day, 
and the clearing quantity would have remained the same at 169,159.7 MW, with some 
shifting between product types. The MAAC clearing price for Limited, Extended 
Summer, and Annual Resources would have decreased to $116.00 per MW-day, and the 
clearing quantity would have increased to 66,581.8 MW. The PSEG clearing price and 
quantity would have remained the same. The ATSI clearing price for Limited Resources 
would have slightly increased to $95.89 per MW-day, and the clearing quantity would 
have decreased slightly to 1,001.4 MW.̂ ^ The ATSI clearing price for Extended Summer 
and Annual Resources would have remained the same at $114.23 per MW-day, and the 
clearing quantity would have remained the same, with some shifting between product 
types. 

Based on actual auction clearing prices and quantities and make-whole MW, total RPM 
market revenues for the 2016/2017 RPM Base Residual Auction were $5,513,237,849. ft 
the APIR associated with the pending environmental regulations which were not 
previously submitted were removed, total RPM market revenues for the 2016/2017 RPM 
Base Residual Auction would have been $5,310,133,190, a reduction of $203,104,659, or 
3.7 percent, compared to the total based on actual results. The impact of including 
environmental compliance costs in APIR was to increase total market revenues by 
$203,104,659, or 3.8 percent. 

Capacity Imports 
Generation external to the PJM region is eUgible to be offered into an RPM Auction if it 
meets specific requirements.^^ ^̂  Firm transmission service must be acquired from all 
external transmission providers between the urut and border of PJM and generation 
deUverability into PJM must be demonstrated prior to the start of the delivery year. In 
order to demonstrate generation deliverability into PJM, external generators must obtain 
firm point-to-point transmission service on the PJM OASIS from the PJM border into the 

^ The difference in the ATSI clearing price may he attributable to differences between the PJM 
and MMU calculation of auction outcomes. Attachment A reviews why the MMU calculation 
of auction outcomes differs slightly from PJM's calculation of auction outcomes. 

^̂  See "ReliabiUty Assurance Agreement Among Load Serving Entities in the PJM Region", 
Schedule 9 & 10. <http://www.pjm.cQm/~/media/documents/agreements/raa.ashx> 

^ See PJM. "Manual 18: PJM Capacity Market", Revision 19 (June 1,2013), pp. 39-41 & p. 59-60. 
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PJM transmission system or by obtaining network external designated transmission 
service. In the event that transmission upgrades are required to establish deliverability, 
those upgrades must be completed by the start of the delivery year. The following are 
also required: the external generating unit must be in the resource portfolio of a PJM 
member; twelve montiis of NERC/GADs unit performance data must be provided to 
establish an EFORd; the net capability of each unit must be verified through winter and 
summer testing; a letter of non-recallability must be provided to assure PJM that the 
energy and capacity from the unit is not recallable to any other balancing authority. 

All external generation resources that have an RPM commitment or FRR capacity plan 
commitment or that are designated as replacement capacity must be offered in the PJM 
Day-Ahead Market.^^ 

Planned External Generation Capacity Resources are eligible to be offered into an RPM 
Auction if they meet specific requirements.^ ^̂  Planned External Generation Capacity 
Resources are proposed Generation Capacity Resources, or a proposed increase in the 
capability of an Existing Generation Capacity Resource, that is located outside the PJM 
region; participates in the generation interconnection process of a balancing authority 
external to PJM; is scheduled to be physicaUy and electrically interconnected to the 
transmission facilities of such balancing authority on or before the first day of the 
delivery year for which the resource is to be committed to satisfy the reliability 
requirements of the PJM Region; and is in full commercial operation prior to the first 
day of the delivery year.^* An External Generation Capacity Resource becomes an 
Existing Generation Capacity Resource as of the earlier of the date tiiat interconnection 
service commences or the resource has cleared an RPM Auction for a prior delivery 
year.^5 

'̂ OATT, Schedule 1, Section I.IO.IA. 

^ See "ReUabiUty Assurance Agreement Among Load Serving Entities in the PJM Region", 
Section 1.69A. <http://www.pjm.eom/~/media/documents/agreements/raa.ashx> 

3̂ See PJM. "Manual 18: PJM Capacity Market", Revision 19 June 1,2013), pp. 42-43. 

9'* Prior to January 31, 2011, capacity modifications to existing generation capacity resources 
were not considered planned generation capacity resources. See 134 FERC ^ 61,065 (2011). 

^̂  Effective January 31, 2011, the RPM rules related to market power mitigation were changed, 
including revising the definition for Planned Generation Capacity Resource for purposes of 
the must-offer requirement and market power mitigation. See 134 FERC f 61,065 (2011). 
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Impact of Imports 
Table 22 shows the results if import offers for external generation resources in the 
2016/2017 RPM Base Residual Auction were reduced by 25 percent. All binding 
constraints would have remained the same, except that the RTO Minimum Extended 
Summer Resource Requirement would have been a binding consfraint. The RTO 
clearing price for Limited Resources would have increased to $77.51 per MW-day, and 
the clearing quantity would have increased to 10,399.5 MW. The RTO clearing price for 
Extended Summer and Annual Resources would have increased to $77.82 per MW-day, 
and the clearing quantity would have decreased to 158,512.2 MW. The MAAC clearing 
price for Limited Resources would have decreased slightiy to $119.12 per MW-day, and 
the clearing quantity would have decreased to 4,238.1 MW. The MAAC clearing price 
for Extended Summer and Annual Resources would have increased to $119.43 per MW-
day, and the clearing quantity would have increased to 62,308.0 MW. The PSEG clearing 
price for Limited Resources would have decreased slightiy to $218.69 per MW-day, and 
the clearing quantity would have remained the same at 550.4 MW. The PSEG clearing 
price for Extended Summer and Annual Resources would have remained the same at 
$219.00 per MW-day, and the clearing quantity would have increased sUghtly to 5,748.7 
MW. The ATSI clearing price for Liiruted Resources would have inaeased to $95.71 per 
MW-day, and the clearing quantity would have decreased slightiy to 1,001.6 MW. The 
ATSI clearing price for Extended Summer and Annual Resources would have remained 
the same at $114.23 per MW-day, and the clearing quantity would have remained the 
same at 7,668.1 MW with some shifting between product types. 

Based on actual auction clearing prices and quantities and make-whole MW, total RPM 
market revenues for the 2016/2017 RPM Base Residual Auction were $5,513,237,849. ft 
offers for external generation were reduced by 25 percent, total RPM market revenues 
for the 2016/2017 RPM Base Residual Auction would have been $6,150,779,857, an 
increase of $637,542,008, or 12 percent, compared to the actual results. The impact of 
including 75 percent of the offers for external generation resources was to decrease total 
market revenues by $637,542,008, or 10 percent 

Table 22 shows the results if offers for external generation resources in the 2016/2017 
RPM Base Residual Auction were reduced by 75 percent. The RTO Minimum Extended 
Summer Resource Requirement would have been a binding constraint. The MAAC and 
ATSI import limits would not have been binding constraints. The RTO clearing price for 
Limited Resources would have increased to $117.18 per MW-day, and the clearing 
quantity would have decreased to 9,537.9 MW. The RTO clearing price for Extended 
Summer and Annual Resources would have increased to $124.00 per MW-day, and the 
clearing quantity would have decreased to 158,512.2 MW. The PSEG clearing price for 
Limited Resources would have decreased to $212.18 per MW-day, and the clearing 
quantity would have decreased to 443.6 MW. The PSEG clearing price for Extended 
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Summer and Annual Resources would have remained the same at $219.00 per MW-day, 
and the clearing quantity would have increased to 5,866.5 MW. 

Based on actual auction clearing prices and quantities and make-whole MW, total RPM 
market revenues for tiie 2016/2017 RPM Base Residual Auction were $5,513,237,849. ft 
offers for external generation were reduced by 75 percent, total RPM market revenues 
for the 2016/2017 RPM Base Residual Auction would have been $7,814,811,849, an 
increase of $2,301,574,000, or 42 percent, compared to the actual results. The impact of 
including 25 percent of the offers for external generation resources was to decrease total 
market revenues by $2,301,574,000, or 29 percent 

Of tiie 7,493.7 MW offered for external generation resources in tiie 2016/2017 RPM Base 
Residual Auction, 2,694.7 MW or 36.0 percent did not have firm transmission at the time 
of the auction.^^ Table 22 shows the results if offers for external generation resources in 
the 2016/2017 RPM Base Residual Auction without firm transmission were excluded. All 
binding constraints would have remained the same, except that the RTO Minimum 
Extended Summer Resource Requirement would have been a binding constraint. The 
RTO clearing price for Limited Resources would have increased to $90.00 per MW-day, 
and the clearing quantity would have increased to 10,186.8 MW. The RTO clearing price 
for Extended Summer and Annual Resources would have increased to $95.00 per MW-
day, and the clearing quantity would have increased to 158,512.2 MW. The MAAC 
clearing price for Limited Resources would have decreased sUghtiy to $119.12 per MW-
day, and the clearing quantity would have decreased to 4,203.9 MW. The MAAC 
clearing price for Extended Summer and Annual Resources would have increased to 
$124.12 per MW-day, and the clearing quantity would have increased to 62,342.7 MW. 
The PSEG clearing price for Limited Resources would have decreased to $214.00 per 
MW-day, and the clearing quantity would have remained the same at 550.4 MW. The 
PSEG clearing price for Extended Summer and Aimual Resources would have remained 
the same at $219.00 per MW-day, and the clearing quantity would have increased 
slightly to 5,749.0 MW. The ATSI clearing price for Limited Resources would have 
decreased to $90.00 per MW-day, and the clearing quantity would have decreased 
sUghtly to 1,002.4 MW. The ATSI clearing price for Extended Summer and Armual 
Resources would have remained the same at $114.23 per MW-day, and the clearing 
quantity would have remained the same at 7,668.1 MW with some shifting between 
product types. 

9̂  The analysis of the impact of capacity import was revised from the IMM Capacity 
Deliverability presentation in Docket No. AD12-16, which can be accessed at: 
<http://www.monitoringanalytics.com/reports/Presentations/2013/IMM FERC Capacitxi Deliverabil 
itxj 20130620,pdf>. 
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Based on actual auction clearing prices and quantities and make-whole MW, total RPM 
market revenues for the 2016/2017 RPM Base Residual Auction were $5,513,237,849. ff 
offers for external generation resources without firm transmission were excluded, total 
RPM market revenues for the 2016/2017 RPM Base Residual Auction would have been 
$6,810,335,209, an increase of $1,297,097,360, or 24 percent, compared to the actual 
results. The impact of including external generation resources with only firm 
transmission was to decrease total market revenues by $1,297,097,360, or 19 percent. 
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Tables and Figures for RTO Market 

Table 6 RTO offer statistics: 2016/2017 RPM Base Residual Auction 

Percent of Percent of 

Available Available 

ICAP(MW) UCAP(MV\/) ICAP UCAP 

;GereraiipncapaciV--:^v-;v;v;;;^ '-^^ 'i^^^^'::"^-^--'•:):;'.••-'^^^^ -i 

DRcapaci^ 15,639.1 16,282.2 

€E;MpK^ty;^,;;y>:--^v:^ •..:/"'-x:f-/:^2v.-;^:,;..- --̂ :-.̂ ;̂ '̂̂ -1.268.5 ,̂;-";̂ ^ -̂i::0^1,319•1 
Total inlemal RTO capacit/ 

F R R " " 
•Importe, ,-.,= ... ; . . . . . , - , , ; • , 
RPM capaciV 

Exports 
FRRo^qriai; • -• : -^" ' ; ; : /v J ; - ; . •--.; ^̂  ^ " ; 

Excused Existing Generation Capacif/ Resources 

ipiiaferecj Ram^S^S^n^r^cii i 'pacity ^sources ;V/:v^^; ' ; ' ^^v 

UnoferedJ)RanclEE , , _ , . . 

jAy^iiabj^-^^;^ '̂"';'̂ ;>'̂ .^^v?^^^ "v^'-^0'-^^-';-'Vvr.n^;:;;--^ 

DR offered 

;"EE'pfered •. 

Total offered 

Unoffered Existing Generafion Capacity Resources 

Cleared in RTO 

iCIeared jiiLDAs'^-

Totalcleared 169,159.7 91.7% 

Make-whole 0.0 0.0% 

Uncleared generation 

;L)ncleared DR \ • >• • " " ' 

Uncleared EE 

Total uncleared : 

Reliability requirement 

Total cleared plus make-wtiole 

Short-Temi Resource Procurement target 

Net excess/(deficit) 

Resource clearing price for Limited Resources {$ per M W - d a y j , . 

Resource clearing price for Extended Summer Resources ($ per MW-day) 

Resource clearing price for Annual Resources ($ per fwlW-day) • 

Preliminary zonal capacily price ($ per MW-day) 

Base zonal CJR credit rate, ($ per MW-day) - . . . . • . ' . - . • 

Preliminary net load price ($ per MW-day) 

209,478.1 

(15,576.6) 

-.- ^.8,412,2 . 

202,313.7 

(1,218.8)' 

••^•.""•:(2,59Z5) • 

' (4,389.0J 

(1,380.1) 

;>:/V'r19lil92.p. ^ 

v ; ; ^ ' : p i 76 , i ^ : l 
'13.932^9'" 

: ; ." '^-v: i i i2.6; 
191,190.8 

1.2 

200,848.1 

(14,465.5) 

. ,7,941.5 „ 

194,324.1 

(1,211.6) 

; " / : ( 2 , # 4 ) • •̂ • 

(1,435.4) 

;iV:;:i84,380:0j^->-^'^ 

mmmm 
14,W.2 

••: t156;8' : ' 
184.380.0 

0.0 

162.0?a ft 

7 ; m 9 -- • 

"̂̂ :idoM '̂--

73% ' 
. , o : 6 i •' 

100.0% 

0.0% 

^ ¥ ; 1 ^ : ^ ; ^ - ^ • ^ 

^ H • M % 

l ^ | i ? 1 > i 
7̂ 9% 

• . • : ' a 6 % 

100.0% 

0.0% 

87.9% 

.3.9% 

13.081.7 

"•".••. '2,099.1,-. • 

39.5 

. 15,220.3 

166,127.5 

. 169,159.7 

4,153.2 

7,1854 

$59.37 . 

$59,37 

•-$59.37 . 

$59.37 

„ $0.00 . . 

$59.37 

A 
B 

A-B 

7.1% 

• 1.1% 

0.0% 

• 8.3% 
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Table 7 Capacity modifications (ICAP): 2016/2017 RPM Base Residual Auction^' 

iGelnef^ori^increases "̂  

Generator! decreases 

7.4071 

(5.130.5) 

ICAP (MW) 

MAAC 

3.^i^^HHSKi6S" 
(3,188.8) (375.1) (217.0) 

cipaciV.m'odiJcatiore hetinfre^^ 

DR increases 

DR decreases 

DR net iricrease/(decrease) • ' v,^ 

EE increases" '" "'•,;:^\:V-";-" ""V";̂ :̂ '• -^'"7" 

EE decreases 

EE modifications incre3se/(d&3rease) i - • - : - r 

,EKPG generation v.: •:vV^;^'|;}7;;;;:"v^^•"'^^ 
EKPC DR 

m^l^rmiM^i^AMmmMtm-^h 

^:V;..v'7;2.276.6 u:-

5,739.8 W 

(16,066.5) 

(10,326.7) 

m.B : 

(351.9) 

, 2 5 1 9 

..:•:.:•• ; . . :2 jm- r : : ^ : 

1321 

Hrz-^'f^'i-yHMA 

;^::v 3^:o ^ ; 

'^ 2,007.2 • ' 

(8,254.6) 

(6,247.4) 

221.6 

(80.8) 

14Q.8 • 

j : ^ ;5s:;^3'7.^ 

:^%;S;^31.5) <̂  

'̂ :̂̂ :̂imi---
(1,156.1) 

' psr.B) 

" 1 6 . 9 : 

(7.6) 

' - / . .;3^3.: 

iaasise 
^^•Ai^SfS 

#"^:#5589;5 

; v^^ i ^d .2 

(1.535.7) 

: (765.5) 

•;:., J.-;; 199:1 

(73.7) 

f-^25;4 

iNet interna! 6 a p ^ ^ Ir icreasi^i ' l t^cre^e)^^ :(4i920.1)i :(5^6e>6} •:'^^^rl{!;^80.i) i§i|mjii(5a6) 

^ Only cap mods and EE mods that had a start date on or before June 1, 2016 and DR plans for 

the 2016/2017 Base Residual Auction are included. 
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Table 8 Capacity modifications (UCAP): 2016/2017 RPM Base Residual Auction 

UCAP (WIW) 
MAAC 

^epbriinci^ses''#--^^?f: '^ 
Gerieration decreases ' (4.293.1) (2,735'lj (329.1) (144.7) 
ICapaciijBbdificalbrisnetincre^ ''̂ ^§57,8 :-y;;;; V (193.5)v-;:^-'6^^8 

Winc re^s • ;v:. v:: 
Dl̂  decreases 
;DR net incrBase/(decrease) 

lEE iricreases ,; , , 
EE decreases 
ii:mcMiiSc^onf]ncl^ase/(3e^^ ;:':3.2/"••;•,-.-^1310, 

;Netcap^ity/pR/EE m O ( ^ ^ 

lE^pRd'e|ibt''^^*^:5rflp^^^ 

;DRand'^E.efefe.;;:U'.^o^^^^^^ ••:^.5!l 

• ^ : ; ^,971.7.:^: 
(16,661.8) ' 

•••:-(10.690;i)-'; 

- ^.\,626.9> . 
(3644) 

. :2,d87.8 V^ 
(8,56a0) 

' ;-229.t-'^;" 
""̂ 3.5) 

' 2 1 2 ^ ' 

(liglT) 
;;̂ - (986.0) ;, ^ 

i l l , 
(7.9) 

: V; ;8016 
(1,593.6) 

- (791.4) 

. . ; 207,4 
(76.4) 

:EKPC generaton 
EKPC DR 
I p C E E ' ^-"''"^ " - - ; 

;Net internal capxity increase/(decrease) 

2,598 2 
137 5 

/oo 

(3,7092) ~ ^(5,0752) ~> (1,1754) '(823) 
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Table 9 Cleared MW by zone and resource type/fuel source: 2016/2017 RPM Base 
Residual Auction^^ 

Zone 

A E C O . ;>•• 

AEP 

ATBl 

BGE - .̂  

ComEd 

P A Y " ' - ^ -

DEOK 

aco;^:;'-' 
Dominion 

DPL . 

EKPC 

EXf":? 
JCPL ' 

MeJ^d :-'••' 

PEcb" 
PENELEC 

Pepco 

ppLr-^r" 
PSEG 

| E C O . ; S 
Total 

DR 

^'^^•-:yim 
_,.,.„J,3?A-., 

1,811.9 

. :936.6 . 

. ^ 3 6 . 2 

: -my-304,4 

' i '/'".'/• m i 
1,120,6 

. 439.5 

133.1 

• • ' • • m ' : 
222,7 ' 

531,1 

, 4 3 1 5 . . 

• - ^ r y ^ f ^ 
630.7 

12,408.1 

EE 
„ " . • ^ • ' • \ 1 .7 ! - i 

118,7 
^ ^ ; • ^ 1 4 . 4 ^ 

196.6 

124.9 . 

' '425.7 

•" ' • • " - '12.9 ' 

5,2 

,: ":-""54^K 
28,4 

21,2 

0.0 
.0.0 • 

4,9 

115 
• - .• f l .s" 

83.5 

'K^:^-3a^j^ 
M.9 

Coal 

: ^ , ' - 4 4 ^ 8 -

/ ? A ? 7 2 7 V , . 
2,337.7 

. . , W 2 
4,241.4 

':::myr . , 2,3M,3 

• ^ • t < m ^ : - . 
5,090.8 

. .400,4 

1,743.6 

"iiimy---
0,0 

8.1 
V , 4 , 3 m 2 . . 

^ ^ 5 6 1 - - ^ 

692.9 

46,6811 

Gas 
••.""1.717.8,; 

7,751.8 

"•f^msi^^ 
2,126.'9 

573.0 

9,004.4 

" 1,333.1" 

73.6' 

'•' ' 145.7": 

10,429,0 

3,068.5 

724,7 

2,914.4 

2,815.0 

•=; :^06i5; ; : 

2,580.5 

-1,033.1 

1,584.1 "̂  

? •3,369:3"-• 

4,5fi2,5 

66,207,4 

Cleared UCAP (MW) 

Hydroelectric Nuclear 

• f - . ; ••o:o--- ••'f.:ao :̂ 
74,6 0,0 

0,0 2,034.6 

. : 6,0 , 1 , 6 8 1 . 7 

0.0 9,914.6 

" • • • - < ^ ( B y . - • - a b •• 

0,0 0,0 

, i . : : ' - - j ' : p ^ ' - i,763.2-;. 
3,398,3 3,575-5 

ao , 0.0 
129.9 0.0 

: - -472,3 : " 1Z3 

387,6 59? ,1 

1 fi?fl 0 4,569.4 

. 4 9 1 3 . '0.0 . . . 

•^•:^^xml'y-- i^^r: 
fl,5 3,4216 

7,534,7 ,10 601,1 

Oil 
• - 1 7 6 7 ' • 

0,0 

170,6 

M7: i -, 

197.6 

• ^57:6^^ 

256,4 

• . • ; i 3 ; 8 •;.,.•; 

1,695,0 

920,0. 

0.0 
• ^ 0 . 0 . - . 

167.0 

760.5 

.M: / : 
-" ' , M 8 ~~̂"'-

116 

8,7K,2 

Solar 

• ^ • • M 3 , 3 ; 

0.0 

0,6 
0.0 

6.0 
••• ' - ' M • 

0,0 
•0.0 , 

"3-2 

'2.3 

0.0 
0.0 • 

14,7 

" i,o 
, 0.6 

0.0 

36,3 

89.8 

Solid Waste 
- ^ - ^ 0 ^ • : 

.. , ao 

0,0 
55,8 \ 
0.0 

; o . 6 ^ -
0,0 

• M ^ , m > -
310.4 

.. .0 .0 

0.0 
• • ' - • ' M .•• 

8.9 
^o.i::^75.p,;,^. 

97.1 
; - : - - 4 o . 4 - . . 

-•- t̂?S'',̂  
163.8 

714.5 

Wnd 
~ y . n - m ' 

202,4 

:^'tJ33j; ' 
6,0 

. 0.0 

325.4 

;: 7^-iixr 
0,0 

".:i,\:^b.6. 
'o,6 
6.0 
0.0 

- - • 3 2 6 " " 

0.0 
W ?̂-"i6.6,;= 

oTo" 
145.4 . 

0.0 

0,6 

870T5" 

Total 

•'•v;':2,526.6 

•is,5760 

J - ^ . 0 6 3 . 2 

8,672,2 

5,956.3 

25,346,3 

' f ' '^ '4,436.2 

3,033.9 

':-,-,;2,706,'3 

25.5512 

4,851.9 

2,731,3 

• ^ - " 7 ^ 8 2 . 7 

A.2n.\ 
y}.V^^,583.2 

10,188,2 

- • 6,528.6 

6,093.7 

•^/:lX86'i9 
9.731S 

169,159.7 

Table 10 Uncleared generation offers by technology type and age: 2016/2017 RPM 
Base Residual Auction 

Technology Type 

Uncleared UCAP (MW) 

Less Than or Equal Greater than 40 

to 40 Years Old Years Old 

Ciombined cycte : 

Combustion turbine 

Oilorgas sfesini ; : ; ; • , : ; 

Subcritical/supercritical coal 
O t h e r - • • • ' " ' . ' " • . : ; ; ' " • ' ' • ' . • ' • " ' ^ - C 

Total 

r. 2-117.3 • • 

246.1 

- yj^-'^ y 
2,493.2 

^'^\-':-"---:o.o''r ...-:r 
5,633.7 

;;o.o -
72.1 

; 134.1 

7,241.8 

; -v 0.0 

7,448.0 

; ; 2,117.3 

318.2 

• 9 1 1 . 2 

9,735.0 

• :^. -0.0 

13,081.7 

Resources that operate at or above 500 kV may be physically located in a zonal LDA but are 
modeled in the parent LDA. For example, 3,433.2 MW of the 9,731.8 cleared MW in the PSEG 
Zone were modeled and cleared in the EMAAC LDA. 
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Table 11 Uncleared generat ion resources in mul t ip le auctions 

Technology 

2015/2016 Results 2014/2015 Results 
2016/2017 for Same Set of Resources for Same Set of Resources 

Uncleared Number o f Uncleared Number o f Uncleared Number of 
UCAP (MW) Resources UCAP (MW) Resources UCAP (MW) Resources 

Combustion turbine . 318.2 
:t)il or g^lpat^J'^ ;|^||^ /^ 
Subcriticai/supercrifica! coal 9,735.0 
O t h e r ; " : " " "•' • ••-"-V-.vO>^ • • ' M y \.-
Totel 13,081.7 

15""'^"' 

?^7"!-;-^ 
27 
0 , 

f;^67o:6:->^f 

••^^^.":'57:3'''i^-
4,573.6 

HA',;- 0.0 •• 

0 
T-0M?^:y2 >--'̂S: 

12 
. • • - > r ; 0 . : v -

?:;.^^K^(56.5'J^•-:••^^^"!> 
215.5 

• - > ^•:.•v."0.0 : • • ,-

'~0 
''--2 

1 
0 

56 5,301.5 15 272.0 

Table 12 PJM LDA CETL a n d CETO Values: 2015/2016 and 2016/2017 RPM Base 

Residual Auctions 

2015/2016 
CETL to CETO 

CETL Ratio 

2016/2017 
CETL to CETO 

CETL Ratio 

Change 
CETO 

MW Percentage 
CETL 

MW Percentage 

EMAAC 
•sym^c.'':'- ; 
PSEG 

DPLJoutti 
'Pepco •: 
ATSl' 
•A'tSi Oeveland 

3,860.0 "9̂ 177.6 ' 238%""" 6̂  140.0 8.'916!d' ' 145% 2,280.0 "59% ' (261,0) ' "(3%) 
;•-;4;™0;g;5-j&,373.b ; ; ' . -L ' , f . : iM¥ /5 ,8« .q - : " : : ^ .mo ; : tV ' . •:! 'y2A%i^^yi '^^vi--. ' :^&ii> 

4,666,6 6,220.0 135% 6,450.6 6,581.6 102% 1,850.0 40% 361.0 6% 
^^.7,iMo:r;^p^^;o;ft->;^iim'?"';?^^^ 

1,510.6 1,822.6 m % 1,580.0 1,901.6 120% 70.0 5% 79.0 4% 
s^smd'•-•'•" 67522,0 •;̂ •̂ ' / . T m ' \ ' . '.ijm •••.•'6,846.o';V .-',251% •• •" {65O.'0).7*'' ( i w r ' ' . " ' 3 2 4 - 6 5% 
5,280.0 5,417.8 103% 5,390.0 7,881.6 146% 110.0 2% 2,463.2 45% 
•'. -MA . •: : m -•; • NA •' 3;8d6.0 , -: 5,2'te.6 ,. 138% : • ' N̂A ^ " NA , NA NA 

Table 13 Offers greater t han $35.00 per MW-day on total RTO supp ly curve: 2016/2017 

RPM Base Residual Auction^? 

Technology/Resource Type Offered UCAP (MW) Percent of Offers 
Subciitical/supercritica! (X)al 

Demand Resource coupled 

:CoiTibined dycJe ^ 

Oil or gas steam 

Icdmbustibn turbine ; 

Demand Resource non-coupled 

Other generation 

Energy Efficiency Resource 

Total 

; ; : 14,384.7 • ;•: : 

4,476.9 

: 3,225.8 

2,953.2 

. :, ^ : 2,284.7 •• 

1,093.8 

43.8 

41.7 

28,504.6 

: : r : 50.5% 

15.7% 

11.3% 

10.4% 

8.0% 

3.8% 

0.2% 

o.i% 
100.0% 

99 For uncleared coupled DR offers,, the offer with the lowest sell offer price within a coupled 
Demand Resource group was assumed in the offered capacity values reported. 
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Table 14 Impact of Short-Term Resource Procurement Target: 2016/2017 RPM Base 
Residual Auction 

. ^ , . .̂ _ ,, No Short-Term Resource 
Actual Auction Results ^ ^ r, , . 

Procurement Target Reduction 
Clearing Prices Cleared UCAP Clearing Prices Cleared UCAP 

LDA 
RTO : 

MAAC 

US 
Qf '̂"'. 
ATSI 

Product Type {$ p 
•-•" • ^ i l J r n i t e d " ''. ' ' - y ' " - " - - ' 

Extended Summer 
Annual 
Limited 
ExteridedSum'mer " 
Annual 

Extended Summer 

ff^^fS^'f^'^^ff^il'y \yW'-
Limited 
Extended S(immer 
Annual 

ler MW-day) 

; 1^:^59^37""-: 
$59.37 

' " •$5^37 
$119.13 

• " • '$ i t9 ; i3" ' ' 
$119.13 

;^Ci^P0' 
$219^00 

•5l^iaoo 
$94.45 

$114.23 
$114.23 

(MW) ($p( 

:̂:r'- '̂':mm'-y-
2,470.0 

' 156,840.2—' 
4,264.3 

;̂ -̂̂ -"1®r̂ --: 
61,228.7 

- ' • \ ^ o ^ 
61.8 

5 ,686^^^ :^ 
1,0041 

799.3 
6,868"8 

sr MW-day) (MW) 
•' ^ •^$85:7S- : i '3 i599.3 

$85.71 i,987.8 
$85.71 159,599.3 

$130.00 4,610.9 

"'$i3g.bo ''y.;^^:85li 
$136^00' " ^62,626.4 

$239.90 22.2 

gp^^:^^mg|^ ' 
$12297" i,3iT.i 

> $122.97 519.2 
$122.97 7,148.9 
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Table 15 DR and EE statistics b y LDA: 2015/2016 and 2016/2017 RPM Base Residual 

Auctions" ' ' 1" 

LDA 

RTO , 

RTO 

MAAC -

MAAC 

EMAAC 

EMAAC 

SWMAAC 

SWMAAC 

pPL South ,. 

DPL South 

pSEiS 

PSEG 

PSEG N o * [ 

PSEG No rfl 

Pepco ;,-•-„ 

Pepco 

AT?I.' • : ; , • 

ATsi 

2015f20i6BRA 

Offered Offered Cleared 

2016/2017 BRA 

Offered Offered Cleared 

Resource Type ICAP(HW) UCAP(MW) UCAP (MW) ICAP(MW) UCAP (MW) UCAP (MW) 

- ^ D R ;•":;•" 

EE 

D R • ' 

EE 

O R - - • 

EE" 

/ •DR ,.-. \ 

EE 

"••'OR .. 

EE 

• D R . ".. 

EE 

.-DR. ' . ;> 

EE 

• ' M . •- . 
EE 

" i ^ . ' ' '-y.'. 
EE 

AtSiPeveiaid'CR':; -. . ; 

ATSiaeveianci EE 

; . ,-:;i9,243.6 

907.8 

•"•-'^V8,835."9 ' 

229,1 

•1 -3 ,736 ,6 . 

48,9 

..• -2,212,6 

i54,2 

•""-• „127!2 

0.0 

• 1.043,2 

11,6 

•,•-•-,-•.-353.3 : 

3,4 

- . - . • " : : . ; - - ;93 i7. ; . 

54,2 

• : ' : 'c\ \s^i. : 
46,5 

-r:-'*V,;-:NA. 
NA 

. .19,9^.3 • 

940,3 

. 9,i63,3 

237,2 

,3,874.9 , 

50^5 

- 2,295.2 

159,8 

131.9 • 

0.0 

• M , M i . 9 -

"11.9 

.' •f66,5 ,-

"3.5 

: v - :966 ,4 ••• 

"56.2 

"•V2,q3S'5 •., 

'•" 48.1 

. - • ' ^^ . 'm. : ' 

NA 

, 14,832.S -

922.5 

6,648.7 

222i 

, 2,6ia4-

42,2 

im. i 
159.4 

86.3 

0.0 

. • 796,1 

10,7 

.-263.3 

3,i 
v . -867 .4 ; . 

55.8 

>, "1.763.7 • 

44,9 

-, -' 'NA', 

NA 

13,932.9 ". 

1.112.6 

•5,477.4 • 

318.5 

•'2,069;5 • 

62.1 

, 1,588.1:. 

200.3 

,119,1 .-

0,7 

, • 610,9 • 

14,6 

-•,. ais's •. 

4,1 

• 656.'4 *• 

80.3 

; ; .1 ,844J" ; ' 

" m i 
•:.-;>473!4'-; 

50,8 

^14.507.2 

1.156,8 

• .5.703.5 

330,9 

,2,155.0 , 

W.l 
• 1,653.8 

208,6 

124.0 

0,7 

.., 636.5 . 

14.9 ' 

. ' -228.2 . 

4.1 

•••••. E>fe.8.. 

83.7 

•:,:'1,920.7 - , 

198,9 

':h:^m^--
52,8 

• a . m . ' i 

1,117.3 

5,350.2 

310,1 

,2,0d6'.4 . 

51.2 

1.600.5 • 

208,4 

105.7 

0-6 

,, 630.7 

i i 'g 

.-• ;226;6" 

3,1 

, "663,9, 

83'5 

1,811,9, 

' 196,6 

^:' '-468J!.' 

52.6 

Change 

Offered ICAP Offered UCAP 

MW Percentage MW Percentage 

15.310,7)., 

204,8 

(3,Me!5) •.-. 

89,4 

(1,667.1) • 

13.2 

, (624,5) 

46.1 

(8.1) . 

0,7 

,(432,3) -. 

3,0 

'•'(134:5): 

0,7 

,(275.3) -

26,1 

-:.{i2W\ 
144.7 

SvtM^ 
NA' 

-.(27,6%> (5,443.1).; 

22.6% 216,5 

^:;{38.0%) (3,459,8)-

39.0% 93.7 

••;^(44:6%)'(U'l9-9) „ 

2?,0% 13,6 

;^ (28.2%) "-(641.4) • 

29.9% 48,8 

••(6,4%),,'••-[7,9) 

NA 0.7 

.;t41..4%)^-,(445.4) . 

25.9% 3.0 

•••:(E,1%) .;(138.3),. 

20,6% 0.6 

."(»:5W:-ik2-B)', 
48,2% 27.5 

;:^6^)'^i^i^8) -
311.2% 150.8 

'i^|^:^^=N\3^iHA,-

NA NA 

Cleared UCAP 

MW Percentage 

.•;-(2T.3%).(2,424.7) ". 

23.0% 194,8 

,: (37.8%) (1,298.5) 

39.5% 

, [44.4%).-; 

'26.9% 

, j:27.$%) 

30.5% 

. (6,'0%) 

NA 

.(41.2%)-

a.2% 

(37.7%)'• 

17,1% 

::.0.^^'\ 
48,9% 

'y^J^M' 
313,5% 

.,„•^?rf^fl;r 

NA 

87.5 

(604.0) • 

9.0 

(408.6) 

49,0 

^.•-19.4 

0,6 

,(165.4) „ 

' 1 . 2 

'.im • 
0.0 

•(203,5), 

27*7 

~-r.'48:2 • 

' i s i j 
i : n NA '••• 

MA 

't16.y/o) 

211% 

.(19!5%) 

39.3% 

• (23;i%) 

21.3% 

(20.3%) 

30.7% 

.22,5% 

NA 

. (20.8%) 

11,2% 

.-; (119%) 

0.0% 

,.: (B:5%) 

49.6% 

/ • . I '27% 

337,9% 

/ ; . ? ^ 
NA 

"̂̂  The maximum capacity within a coupled Demand Resource group was assumed in the 
offered capacity values reported. 

0̂1 ATSI Qeveland was not a modeled LDA in the 2015/2016 BRA. 
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Table 16 Offered and cleared DR by LDA and offer/product type: 2016/2017 RPM Base 
Residual Auction 

RJO^-t 
RTO 
RTO 
RTO 
RTO 
RTO 
RTO 
MAAC 

MAAC" 

MAAC 

MAAC 

MAAC 

MAAC • 

MAAC 

P^EG 

PSEG 

•PSEG" •• 

PSEG 

P S E G " 

PSEG 

'PSEG •• 

ATSI 

ATS! 

ATSI 

ATSI 

ftTS\ 

ATS! 

ATSI 

'.^ srj-avsM'^ypie3::; 
NorKioupled 

• : - ' i ' - •;Non<bupled 

Coupled 

• Cbupied 

Coupled 

, Coupled : 

NorK:oupled 

- , HpfKOupted 

Noivcoupled 

• co 'up fe i J •••' 
Coupled 

"Coi l j ied/ 
Coupled 

' . . ' , ._ ^ n r c o u p i e i 

Norvcoupled 

. •. - -•• Norvcpupted_ 

Coupjed 

• ̂ • ' " t > . . ' ^ W i d , - ' ; : . ' " •• 

Coupted 

" '^.^•T*'/Coiiptea: -V "• 
Non-coupled 

-.. NorK»upled 

Norvcoupled 

'- Coupjed "' 

Coupled 

Coupled < 

Coupled 

Pfoduc;Type(s) 

if ̂ nwi M§&^W^y^MiSiM--^ 
Extended Smirner 

i^^^.}S^S''i--=^.-:'--l-L'' '^^^ 
Annual and Extended Sumnier 

Anhuieri l ' lJmlled _-•;'{)•':. 

Extended Summer and LimHed 

, Annuai.Exferxied Sunimer, a ^ Llmied 

Annual 

-jExiefri^d.Swrimey '•; 

Ljm'ited 

Annui^rtdExtendedSimimer , 

Annual Eir>d Li.miled 

. - •E i tend ldSmrner^ 'Umi ted .,';./^ 

Annual, Extended Summer, and Limited 
•^ l i i lu^ ] / ; ' J ^ ; . ' " ' ; • / - ^ ^ y ' - - ^ : y y ' f ' - ' - -

Extended Sianmer 

; ;Dm!tedR;^:^; f !̂  J / i ^™;^ °;K ™ - V--̂  
Annual end Extended Summer 

^n6ar§if^itecr^|j:^£-^\;-;'-':'-' 
Extended Swnfnera'ri ^ ^ ^ 

.Anmia(,;Exiended S u m m e r , ' ^ lin.ited' t 

Annud 

Exteixied Summer..:-

Limited 

Annual'and Extended S u i m e ; 

Annual and Limited 

Extend_ed Smnnwrand Lknrte.d 

Annual, Extended Summer, and Limited 

Offered UCAP (MW) 

Annual 

mmicmi 0,0 
- • - ^ • • / • ^ a p , -

0.0 
, / ^ r - ; . ; a d : 

0,0 
• • ^ 9 9 5 , 6 " , 

33,2 

-.^•>,; "(io : 
0,0 

•;••-; /• a o " 

0,0 

• • • : : : : - - M \ 

1.507,6 

" : ' ' :1" - - i8 ,5- ' 
0.0 

' - ' !7 :kni i l 
OO 

7'm''m'i 0.0 
^>^^^S^ :^57 :8 -

8.5 

ao 
OO 

••- 6,0'^ 

0,0 
• 0.0 • 

245,0 

Extended 

Summer 

mim>:m 1,433,7 

<-.' 'M- - :-
0.0 

\ . v ^ / " 
1,853,4 

:,:• :&147.7; • • 

0.0 
• -663.9 . ' "• 

0,0, 

• 4 0 , 
0.0 

/v::76ir^- -̂  
2.529.S 

V ' - - v v ^ a p A ; -
0.0 

• p . . . - ^ - : . . 
0.0 

7:',--'"'':tW^^'"" 
75.3 ' 

' ^T^r--2m^; ' : 
0,0 

-, \52.5 - • • 

0.0 
: • • 7 - - -0,0 

0.0 
248,9 
886,7 

Limited 

mmm 0.0 
•,4.387.9 ;.::• 

0.0 
.:^^d,o 
2 M . 
6,PM„3 

0,0 

i J ^ • 
1.417.7 

. rai5"7 
OO 

: ; ^ 3 . " 
2,448,6 

• • • ^ 0 . 0 ; • • 

0.0 

• r m j / " - ' 
0.0 

• • r^m"- ' : 
97.4 

y-^mi"^ :>^ 
0.0 

. . " . ^ o " - : 
496.8 

• - f t O 

0,0 
258,6 
826,7 

Cleared UCAP (MW) 

Annual 

mmss:':^^ 
0,0 

M .- '.0.0 
0,0 

~"-N- 0.0 -
0.0 
OO 

325 
0 0 ' 
0,0 

.0,0 • 

0,0 
,. , • 0.0 

0.6 
'.''''''--\is,'' 

0,0 
':y'.r:6si"" "• 

0,0 
^•:ff"-a'f;v 

0.0 
'T/V-^'ljla'.::^^ 

8,5 
0,0,. 
OO 

0,6 
0.0 
0.0 , 

ao 

Extended 

Summer 

^ ^ ^ ; o A } ^ 

1,433.7 

,;a6 
ao 

- 6,6 
24a5 

789.8 •-. 

ao 
663.9 

ao 
6,0 

ao 
^̂  .;-9,l"" 

380,4 

' " - r a o •" 
6,0 

- -'-r.- •^'•Q-Q- • 

6,6 
• P - : - y ' ' ^ : ^ - ' 

0.7 
^" - • •=>- '6 i^ ' r -

0,6 
.152.5 

OO 
•ao 
00 

237.4 

409,4 

Limited 

i^0^yosi 
0,0 

• 4,210,5 

0,0 
- - , - - 0 , 0 

i25a8 
4'380"2 

ao 
- ...Cao 

1,402,6 

'...-,'•'"••6.0 

0,0 
- J 856,2 

2,006,1 

"X-.'^tM 
6,0 

'•K'-'^isn 
ao 

•^^•'-^^••-•6.0 

9s,a" 
^^^s^«"r'm9 

6.0 
ao 

413,9 

• a o 

6,0 
,12,4 

577.8 
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Table 17 Weighted-average sell offer prices for DR by LDA and offer/product type: 
2016/2017 RPM Base Residual Auction 

LDA 

Rto-^'-r-^': 
RTO 
R T 6 . . ; - 7 V ( ; ; -

RTO 

RTO 
RTO 

f # " 7 :-•: :• 
MAAC 

MAAC ^'^'•••" 

MAAC 

MAAC 

MAAC 

MAAC 

MAAC 

PSEG 

PSEG 

PSEG 

PSEG 

PSEG 

PSEG 

PS^G 

A^TSI 

ATSi" ^ 

ATSI 

ATSI -, 

ATSI 

ATSF 

ATSI 

Offer Type 

; •.:':: vNoivcoL^ed % 

Non-coupled 

^ ;;:.--:Np"n^upled,;^; 

Coupled 

.Coupled ., 

Coupled 

• C o " u p l e d • .-;•••.•:•: 

Non-coupled 

'•• Non-Co upfed"' 

Non-coupled 

Coupled 

Coupled 

Coupled 

Coupled 

Norvcoupled 

Non-coupled 

Non-coupled 

Coupled 

Coupled 

Coupled 

Coupled 

Non-coupled 

Non<:oup!ed _ 

Non-coupled 

^ u p l e d " 

Coupled 

Coupled 

Coupled 

Product Type(s) 

'-', Annual X¥;^^^;''-::l;-' ' '-•:!' ':(' '^^^ 

Extended Summer 
'•;•• l-irtiiyid v;':^^;v;:;^^^j,'- ;;,•;•• :3^ i ; ; . ; , ' :•; 

Annual and Extended Summer 

, .Annual a id limited ,••/>•-'-. ' i t - - - ^ ' ' . 

Extended Summer and Limited 

Amual,Extei>dled Suniiiiev, .aiid.Limited 

Annual 

••-'• Extended Summer"' •-'•• " . • • / ' ' • • • f 7^''-' 

Limited 

Annual and Extended Summer 

Annual and Limited 

Extended_^Summer and Limited 

Annual, Extended Summer, and Limited 

Annual 

Extended Summer 

. Limited 

Annual and Extended Summer 

Annual and limited 

Extended Summer and bmited 

' Annual, Extended Summer, and Limited 

Annual 

Extended Summer ? - ' 

Limited 

Annual and Extended Summer 

Annual and limited 

Extended Summer and limited 

Annual, Extended Summer, and limited 

Weighted-Average ($ per WlW-day UCAP) 

Annual 

':)yfumM>-k 

'' ;..\:'};- y y J : 

- ' $79.35 -

$55.47 

$77 69 

$90 89 

" $8518 

$0 00 

. - '̂ r 

$61.32 

Extended 

Summer 
:lC::>':;'-i>v^^:5,;;\""'"' 

'$5'.36 

• ' • ' • y-- -^ X y ' ^ y . ' '.• 

$74.08" 

• ,$64.95 • 

•^•;;r^v$[).84.^ • ' 

$8447 

$6317 
• • 

$79 74 

' " " $7024 

- i|ooo" 

$6436 

$48.28 

Limited 
' - • • ' ^ - ' " - ^ • - ? ' ' 

[:i-; •:$27.95 

. ' ' ; ' , • ' 

$60.11 

• $46.89 

$3899 

$66 52 

$40 99 

$27 18 

$65 29 

$5678 

$44 50 

$56 67 

$32.27 
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Table 18 Impact of DR product types: 2016/2017 RPM Base Residual Auction 

RTO 

MAAC 

PSEG 

ATSI 

Product Type 
Limited' ! 

Extended Summer 
•:>Annual-' ''-̂  ••• 

Limited 

Extended Summer. 
Annual 

: ::Urmted ,: ̂ :.;; : ; t / • 
Extended Summer 

"-^^n^'";$Sl';--;:8'v 
Limited 

XiExtended Summer 

Actual Auction Results Annual Resources Only 
Clearing Prices Cleared UCAP Clearing Prices Cleared UCAP 
{$ per WlW-day) (MW) ($ per WlW-day) (MW) 

Annual 

$5937 ^ 

$59 37 

" $5937_ 

$119.13 

$iiai3;̂ ^ 
$119.13 

$219,00:, 

$219.00 

|2ffi66a 
~ $94.45 

iiSB 

9,849 5 

2.470 0 

,156,8402 

"4,264.3 

-"••- - ;V3DS!4^V ;-• 

61,228.7 

.;;,•::;;;: c.^50.4.5J;;.' 

eTs 
5i:v^.y?:^5,686.4t|ft 

1,004.1 

"tm ẑ 

$15374, 

• . 1 - ' j ^ ^ " - \ " 

$175.00 

' • , , ' • ' . , • • : • ' •-" ' - , ' " • • > ' - " - -

i^^mm^ 
'-̂ ŝffffm 

$153774 

167,254.1 

65,915.3 

.̂ ;gf,20a6 

•m^iM^dr^: 

9,943?2 

Table 19 Impact of Short Term Resource Procurement Target and DR product types: 

2016/2017 RPM Base Residual Auction 

LDA Product Type 

•RTO: 

MAAC 

PSEG 

ATS! 

No Short-Term Resource 
Actual Auction Results Procurement Target Reduction 

and Annual Resources Only 
Clearing Prices Cleared UCAP Clearing Prices Cleared UCAP 
{$ per WlW-day) (MW) ($ per MW-day) (MW) 

169,457.4 

:MteU£uit»-'? S:lrl 
Extended Summer 
Annual , ^ 
Limited 
Extended Summer .. 
Annual 

Limited 
Extended Summer 
Annual 

Limited 
Extended Summer 
Annual 

^yv^^^^aaT;.^?:^ 
$59737' 

•̂"7 ' ; ^ a 3 7 " l , . ^ 
$119.13 

$iiai3 -: 
$119.13 
$219.00 
$219.00 
$219.00 

$94.45 
$114.23 
$114.23 

7.7l?i8l#l5 
2^470.6 

• - A ^ : m 2 ^ 
4,264.3 

7/1,053.4 V 
6i,228.7 

550.4 
61.8 

5,686.4 

1,004.1 
799.3 

6,868.8 

^•' ;̂  • ' ' ^y f^ ' ^ f i ^ 

PA3M 

$266.49 

$360.37 

$243.46 

66,546.8 

6,318.2 

10,329.4 
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Table 20 Impact of DR: 2016/2017 RPM Base Residual Auction 

Product Type 
•RTP' •'Sr:;yftiited;v;".v-^^^ 

Extended Summer 
Annual 

MAAC Limited 
Extended Summer 
Annual 

PSEG Limited 7 
Extended Summer 
Annual , 

/\TSI Limited 
: • Ek^nddcj Summer 

Annual 

Actual Auction Results No Offers for DR 
Clearing Prices Cleared UCAP Clearing Prices Cleared UCAP 
{$ per MW-day) (MW) ($ per MW-day) (MW) 

7$59.37t! 
$59.37 ' 

$59.37 

$119.13 

$119.13 

$119.13 

$219.00 

$219.00 

$219.00 . 

$94.45 

$114:23 V 
$11423 

'-:fM:m,5^T 
2,470.0 

156.840.2 

4,264.3 

1,053.4 

61,228.7 

, 5 5 0 . 4 

61.8 

-5,686.4;-

1,004.1 

'7:7.f7?^?.3V^7 
6,868.8 

'^•'Wt'- 'y--^ 

$243.79 £ 

' • ' • • : ' - • . ' ' ' • ' 

$279.22 

/ $317.17 r 

$243.79 

7}-:)^^-'-:'/::-\-^'.' 

:v ;̂165,296.7 

- ' , , ' ^ i ' - : . ' ^ , ' , ; ; , -

64,723.0 

6,132.9 

9,879.7 

Table 21 Impact of environmental regulations: 2016/2017 RPM Base Residual Auction 

MAAC 

PSEG 

ATSI 

LDA Product Type 
RTO [•: 

. ^ , . .̂ n ,̂  Remove APIR Associated With 
Actual Auction Results ^ . 

Environmental Regulations 
Clearing Prices Cleared UCAP Clearing Prices Cleared UCAP 
($ per MW-day) (MW) ($ per MW-day) (MW) Limited • : : : : ; ^ ' : 

Extended Summer 
Annual 
Limited 
Extehded Sumnier : 
Annual 
Limited 
Extended Summer 
Annual 
Limited 
Extended Summer 
Annual 

:.;•• $59.37 :" 
$5a37 

:;$59,37 7̂  
$119.13 

• '$1l£i3V-
$119.13 
,$219X0-
$219.00 
$219.00' 

$94.45 
$114.23 
$114.23 

-::-: &,849.5;̂ :: 
2,470.0 

7356,M2:^^ 
4,264.3 

• : \ : ^ m A ^ 
61,228.7 

"••r7--'55a4.-/'.' 
61.8 

; 5,686.4 
1,004.1 

^ 799.3 
6,868.8 

;;::.:$55,oo:-: 
$55.00 

: ;: $55.00 • 
$116.00 

•̂  $tiadoV 
$il6.00 

• 7$2iaoo' 
$219.00 
$219.00 
$95.89 

, $11423 
$114.23 

• :i9,967.2 
2,310.1 

7-156;8824 
4402.5 

- 8937 
61,285.6 

;/ 586.8 
25.4 

5,6864 
1,0014 

799.1 
6,869.0 
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Table 22 Impact of capacity imports: 2016/2017 RPM Base Residual Auction 

Actual AutHon Results Reduce Imports by 25 Percent Reduce Imports by SO Percent Reduce Imports by 75 Percent ' t " ^ Imports Mihout 
Fimi Transmission 

Clearing Prices Cleared UCAP Clearing Prices Cleared UCAP Clearing Prices Cleared UCAP Clearing Prices Geared UCAP Clearing Prices Cleared UCAP 
(SperHWdayi (MVfl (IperMVMay) (MVfl (IperMVMay) (MW) (SperMWday) (MW) (SperMWday) (MW) 

- j U n i i l e d . ^ ^ j j ^ ^ ^ ; 
Extencled Summer 

Umited " 
Extended Sunimer. 
Aniiu^ 

.'.v^Mm'itecl, .V;^. , . - „ ! 
Extended Summer 
Annud 
Limited 

. Bibnded Sirnriier. 
Annu^ 

;; '::}ss.3fj^,-: v-: r:.9,M9..5.',;; •> 
SS9,37 

$119.13 
$119,13 
$119,13 

^taiaoi :>" 
Kiaoo 
iaiaoo 
_K4,45 

- $ I M ; 2 3 • 

$114,23 

2.470,0 
r"i56,846,2 .;•:•;, 

4,264,3 
•" tdsa-t •••-: 

61.228.7 
:•• ""s5o,"4 -y-

"61,8 
" 5,686.4 -, , 

1,004,1 
•'-• '7^.3 ' . 

,•',^.$77,51, 
$77!82 

-'•„;t77.a2^ 
' $119,12 

V-•$119,43 
$11143 

'-.'.Eiaea 
$219,00 

•, ,$219.00 
$96,71 

,--,.(114,23 
1114,23 

155,7S&8 , 
4,238, i ' 
1,0784 

61,229,6 
. -S iOA' 

6VB 

1,001,6 
• 7SS,l' 
6,869,0 

; $104.49 
"i ioaco 
:(ic6,o6 

$11849 
:;$i"2a6b 

$120,00 
, :K17.49 ' . 

$219,00 
:-$2l'9,KI 
$104,49 

'Sii5,0d 
$115,00 

'••<9,8129":;j<j-:^ 
"3,Ki77 • " " 

,1H8H.5'1t;-^ 
3,665̂ 4 
I!636:B : 

61,256.0 
• / " 433,8-; ;^ 

m4 
• 5,6889 

1,153,8 
-'• " m . 2 ' • . . . 

7.0179 

:;-$il7.ie ••>-̂ 'S-
$124B ' 

'v$i24,6o 
$117.18 

^jl24,qp 
$124,00 

i,$2i2.18 

$219,00 
$2190) 

$117.18 
•$124,00 
$124,00 

r-i. • 9,637.9': 
' "4.b&"0 
i54.44a2r 

3,441,8 
:^ilieS4.1,. 

61,417,4 
'• •'.44^6, 

' lK,6 
.5,697.9. 
1,207,2 

.• ^--Ml • 

•g;£$90,00/ 
Ki5",'0O' 

•„i'«6.iXI-; 

$11912 
" $12412 

$12412 
:.:Ri4,00 

$219.00 

i2iaoo 
$90,00 

i t i 14,23 
$114,23' 

;-^::':;i,o,.ie6.8 
""3,004,8 

^ ; 155,507,4 
4,2Ca9 

1,1127 
61.230,0 

. ,•,-",•,'550,4 

61,B 

' , . ;5,687.2 
1,0024 

V; 799,1 
"6,eS9,0 
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Figure 1 RTO market supply /demand curves: 2016/2017 RPM Base Residual Auction^^^ 
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0̂2 The supply curves presented in this report have all been smoothed using a statistical 
technique that fits a smooth curve to the underlying supply curve data while ensuring that 
the point of intersection between supply and demand curves is at the market clearing price. 
The supply curve includes all offered MW while the prices on the supply curve reflect the 
smoothing method. The final points on the supply curves generally do not match the price of 
the highest price offer as a result of the statistical fitting technique, while the MW do match. 
The smoothed curves are provided consistent with a FERC decision related to the release of 
RPM data. See, e.g.. Motions to Cease and Desist and for Shortened Answer Period of the 
hidependent Market Monitor for PJM (March 25, 2010) and Ar\swer of PJM Interconnection, 
L.L.C. to Motion to Cease and Desist (March 30, 2010), filed in Docket No. ER09-1063-000, -
003. 

^^ For uncleared coupled DR offers, the offer with the lowest sell offer price within a coupled 
Demand Resource group was assumed in graphing the supply curve. The VRR curve 
excludes incremental demand which cleared in MAAC, PSEG, and ATSI. 

104 The Minimum Extended Summer Resource Requirement and the Minimum Aimual Resource 
Requirement were not binding constraints in RTO in the 2016/2017 RPM Base Residual 
Auction. 
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MAAC Market Results 

Table 23 shows total MAAC offer data for the 2016/2017 RPM Base Residual Auction. All 

MW values stated in the MAAC section include all LDAs nested within MAAC. Total 

internal MAAC unforced capacity of 74,,717.9 MW includes all Generation Capacity 

Resources, Demand Resources, and Energy Efficiency Resources that qualified as PJM 

Capacity Resources, excludes external units, and also includes owners ' modifications to 

ICAP ratings (cap mods) . As shown in Table 8, MAAC unforced internal capacity 

decreased 5,075.2 MW from 79,793.1 MW in tiie 2015/2016 BRA as a result of net 

generation capacity modifications (657.8 MW), net DR modifications (-6,472.2 MW), and 

net EE modifications (145.6 MW), the EFORd effect due to lower sell offer EFORds (575.2 

MW), and the DR and EE effect due to a higher Load Management UCAP conversion 

factor (18.4 MW). 

All imports offered in the auction from areas external to PJM are modeled as supply in 

the RTO, so total MAAC RPM capacity was the same as the internal capacity of 74,717.9 

MW.̂ 05 R p ] ^ capacity was reduced by 674.0 MW of exports, 677.0 MW of Plaimed 

Generation Capacity Resources which were not subject to the RPM must offer 

requirement, and 1,397.7 MW excused from the RPM must offer requirement. The 

excused Existing Generation Capacity Resources were the result of plans for retirement 

(1,381.9 MW) and significant physical operational restrictions (15.8 MW). Subtracting 

361.7 M W of DR and EE not offered resulted in available unforced capacity in MAAC of 

71,607.5 MW.i^ After accounting for the above exceptions, 0.0 M W in MAAC were not 

offered in the RPM Auction. 

The MAAC LDA import limit was a bmding constraint in the 2016/2017 BRA. Of the 

66,546.4 MW cleared in MAAC, 61,003.6 MW were cleared in the RTO before MAAC 

became constrained. Once the constraint was binding, based on the 6,495.0 MW CETL 

value, only the incremental supply located in MAAC was available to meet the 

incremental demand in the LDA. Of the incremental supply, 5,542.8 MW cleared, which 

resulted in a clearing price for Limited, Extended Summer, and Annual Resources of 

$119.13 per MW-day, as shown in Figure 2. The clearitig price was determined by the 

intersection of the incremental supply and VRR Curve. 

The Mirumum Extended Summer Resource Requirement and Minimum Annual 

Resource Requirement were not binding constraints for MAAC in the 2016/2017 BRA, 

105 PJM. "Manual 18: PJM Capacity Market," Revision 19 gune 1, 2013), p. 41. 

106 Unoffered DR and EE MW include PJM approved DR and EE modifications that were not 
offered in the auction. 
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Figure 2 MAAC market supply/demand cxirves: 2016/2017 RPM Base Residual 
Auction"^ 108 
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PSEG LDA fi/larket Results 

Table 24 shows total PSEG LDA offer data for the 2016/2017 RPM Base Residual 
Auction. Total internal PSEG LDA unforced capacity of 8,343.1 MW includes all 
Generation Capacity Resources, Demand Resources, and Energy Efficiency Resources 
that qualified as PJM Capacity Resources, excludes external units, and also includes 
owners' modifications to ICAP ratings. As shown in Table 8, PSEG LDA unforced 
internal capacity decreased 1,175.4 MW from 9,518.5 MW in the 2015/2016 BRA as a 

'"̂  For uncleared coupled DR offers, the offer with the lowest sell offer price within a coupled 
Demand Resource group was assumed in graphing the supply curve. The VRR curve is 
reduced by tiie CETL. 

108 The Minimtun Extended Summer Resource Requirement and the Minimum Annual Resource 
Requirement were not binding constraints in MAAC in the 2016/2017 RPM Base Residual 
Auction. 
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result of net generation capacity modifications (-193.5 MW), net DR modifications (-986-6 
MW), and net EE modifications (3.2 MW), the EFORd effect due to higher sell offer 
EFORds (-0.6 MW), and the DR and EE effect due to a higher Load Management UCAP 
conversion factor (2.1 MW). 

All imports offered in the auction from areas external to PJM are modeled as supply in 
the RTO, so total PSEG LDA RPM capacity was the same as the internal capacity of 
8,343.1 MW. There were no exports from PSEG LDA. RPM capacity was reduced by 
161.4 MW of Planned Generation Capacity Resources which were not subject to the RPM 
must offer requirement and 1,381.9 MW excused from the RPM must offer requirenient. 
The excused Existing Generation Capacity Resources were the result of plans for 
retirement (1,381.9 MW). Subtracting 15.5 MW of DR and EE not offered resulted in 
available unforced capacity in PSEG LDA of 6,784.3 MW.'*'̂  After accounting for these 
exceptions, all capacity resources in PSEG were offered in the RPM Auction. 

The PSEG LDA import limit was a binding constiraint in the 2015/2016 BRA. Of the 
6,298.6 MW cleared in PSEG LDA, 5,163.7 MW were cleared in the RTO and an 
additional 198.5 MW cleared in MAAC before PSEG LDA became constrained. Once the 
constraint was binding, based on the 6,581.0 MW CETL value, only the incremental 
supply located in PSEG LDA was available to meet the incremental demand in the LDA. 
Of the incremental supply, 936.4 MW cleared, which resulted in a clearing price for 
Limited, Extended Summer, and Annual Resources of $219.00 per MW-day, as shown in 
Figure 3. The clearing price was determined by the intersection of the incremental 
supply and VRR curve. 

The Minimum Annual Resource Requirement and Minimum Annual Resource 
Requirement were not binding constraints for PSEG LDA in the 2016/2017 BRA, and as a 
result Extended Summer and Armual Resources in PSEG LDA received a clearing price 
of $219.00 per MW-day. 

'̂̂  Unoffered DR and EE MW include PJM approved DR and EE modifications that were not 
offered in the auction. 
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Table and Figures for PSEG LDA 

Table 24 PSEG LDA offer statistics: 2016/2017 RPM Base Residual Auction 
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•G îferatlotV offefetl • r 

DR offered 

•EEoffe r̂ed^^^ y •_; 

Total offered 

Unoffered 

Geared in RTO 

Geared In MAAC 

Geared in PSEG 

Total cleared. ' VL 

Maih^ole-v"'^ ' ' 

0.0 
•^l, 'y.yy'M. ' 

"(T,'492.6)' ' 
- " (178.0) -)• 

(15.3) 

t-y-y^^Mr^::-:^: 

•-^4mm.^-
610.9 

:.9-:--mi 
7,031.3 

0,0 

, ' ; ; . ' • . , , --y-.y-

':cf0^^lV:.'yy^. 

0.0 
•:-:^vo.o;.;^-. 

(1,381.9) 

••• 1161.4) , 

(15.5) 

sS;-.6J84.3::., , . . , 
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Figure 3 PSEG LDA market supply/demand curves: 2016/2017 RPM Base Residual 
Auction"oi" 
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ATSI Market Results 

Table 25 shows total ATSI offer data for the 2016/2017 RPM Base Residual Auction. Total 
internal ATSI unforced capacity of 14/325.2 MW includes all Generation Capacity 
Resources, Demand Resources, and Energy Efficiency Resources that qualified as PJM 
Capacity Resources, excludes external units, and also includes owners' modifications to 
ICAP ratings. As shown in Table 8, ATSI unforced internal capacity decreased 82.3 MW 
from 14,407.5 MW in the 2015/2016 BRA as a result of net generation capacity 

"0 For uncleared coupled DR offers, the offer with the lowest sell offer price within a coupled 
Demand Resource group was assumed in graphing the supply curve. The VRR curve is 
reduced by the CETL. 

" ' The Minimum Extended Summer Resource Requirement and the Minimum Annual Resource 
Requirement were not binding constraints in PSEG in the 2016/2017 RPM Base Residual 
Auction. 
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modifications {674.8 MW), net DR modifications (-791.4 MW), and net EE modifications 
(131.0 MW), the EFORd effect due to higher sell offer EFORds (-101.8 MW), and the DR 
and EE effect due to a higher Load Management UCAP conversion factor (5.1 MW). 

All imports offered in the auction fiom areas external to PJM are modeled as supply in 
the RTO, so total ATSI RPM capacity was the same as the internal capacity of 14,325.2 
MW. There were no exports from ATSI. RPM capacity was reduced by 773.4 MW of 
Planned Generation Capacity Resources which were not subject to the RPM must offer 
requirement and 632.0 MW excused from the RPM must offer requirement. The excused 
Existing Generation Capacity Resources were the result of plans for retirement (632.0 
MW). Subtracting 128.5 MW of DR and EE not offered, resulted in available unforced 
capacity in ATSI of 12,791.3 MW.̂ ^̂  After accounting for these exceptions, all capacity 
resources in ATSI were offered in the RPM Auction. 

The ATSI LDA import limit was a binding constraint in the 2016/2017 BRA. Of the 
8,672.2 MW cleared in ATSI, 7,084.1 MW were cleared in the RTO before ATSI became 
constrained. Once the constraint was binding, based on the 7,881.0 MW CETL value, 
only the incremental supply located in ATSI was available to meet the incremental 
demand in the LDA. Of the incremental supply, 1,588.1 MW cleared, which resulted in a 
clearing price for Limited Resources of $94.45 per MW-day, as shown in Figure 4. The 
clearing price was determined by the intersection of the incremental supply and VRR 
curve. 

PJM's auction clearing mechanism will also result in a higher price for Extended 
Summer Resources if the MW of Extended Summer Resources tiiat would otherwise 
clear the auction are less than the Minimum Extended Summer Resource Requirement 
that PJM requires for reliability. In that case the auction clearing mechanism will select 
Extended Summer Resources tiiat are more expensive than the clearing price that would 
otherwise result in order to procure the defined minimum resource requirements for the 
Extended Summer product. This is referred as the Minimum Extended Summer 
Resource Requirement being a binding constraint. 

The Minimum Extended Sununer Resource Requirement was a binding constraint for 
ATSI in the 2016/2017 BRA, and as a result Extended Summer Resources in ATSI 
received a clearing price of $114.23 per MW-day. The Minimum Annual Resource 
Requirement was not a binding constraint in the 2016/2017 BRA, and as a result Annual 
Resources in ATSI received a clearing price of $114.23 per MW-day 

"2 Unoffered DR and EE MW include PJM approved DR and EE modifications that were not 
offered in the auction. 
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Table and Figure for ATSI 

Table 25 ATSI offer statistics: 2016/2017 RPM Base Residual Auction 

ICAP (MW) UCAP (MW) 

Percent of Percent of 
Available Available 

ICAP UCAP 
'Gerierationcapacity; '•' 
DR capacity 
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Figure 4 ATSI market supply /demand curves: 2016/2017 RPM Base Residual 
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"3 For imdeared coupled DR offers, the offer with the lowest sell offer price within a coupled 
Demand Resource group was assumed in graphing the supply curve. The VRR curve is 
reduced by the CETL. 

"^ The Minimum Armual Resource Requirement was not a binding constraint in ATSI in the 

2016/2017 RPM Base Residual Auction. 
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Attachment A 
Clearing Algoritf im for RPM Base Residual Auction 

The actual clearing of the RPM Base Residual Auction uses a mixed integer optimization 
algorithm. The purpose of the algorithm is to minimize the cost of procuring unforced 
capacity given all applicable requirements and constraints, including transmission limits 
between LDAs, restrictions on coupled sell offers and restrictions specified in credit 
Umited offers."^ The optimization algorithm calculates clearing prices, which are 
derived from the shadow prices of the binding minimum resource requirements. 

In the BRA, tiie locational requirement to purchase capacity takes the form of a 
downward sloping piece-wise linear demand curve called the Variable Resource 
Requirement (VRR) curve. The VRR curve defines the maximum price for a given level 
of capacity procurement within each of the constrained LDAs. In the nested LDA 
structure, the capacity procured towards meeting a child LDA's Variable Resource 
Requirement also satisfies the nested parent LDA's Variable Resource Requirement. A 
part of the capacity procured for the parent LDA may be transferred to the child LDA up 
to the defined Capacity Emergency Transfer Limit (CETL) between the parent LDA and 
the child LDA. For a child LDA, when a CETL constraint binds and limits imports from 
the parent LDA, higher priced offers that would not clear in an unconstrained market 
are required to meet demand in the child LDA. The result is a constrained price for the 
child LDA which is higher than the price for the parent LDA. Accordingly, tiie shadow 
price associated with this constraint, called the locational price adder, should accurately 
account for the additional cost of meeting the internal requirement for capacity. 
Implementing this constraint for a nested LDA structure, while preserving the linearity 
of the optimization problem, poses a particular computational challenge. 

The RPM algorithm co-optimizes the cost of procuring a child LDA's and the parent 
LDA's capacity to meet their respective Variable Resource Requirements. Since the 
capacity procured for the child LDA jointly satisfies its own and its parent LDA's VRR, 
the parent LDA's VRR curve needs to be reconfigured to take into account the child 
LDA's cleared capacity. Any such reconfiguration may result in a different solution for 
the child LDA. In the RPM algorithm, the mixed integer optimization problem is solved 
iteratively, where after every iteration, the parent LDAs' VRR curves are reconfigured to 
reflect their respective child LDAs' cleared capacity. The process is repeated until an 
equilibrium point is reached. The method preserves tiie mixed integer feature of the 

"5 OATT Attachment DD § 5.12(a). 
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optimization problem while allowing for incorporation of the minimum resource 
requirements. Under this approach, the price adders are directly obtained as shadow 
prices of the import limit constraints. Accordingly, tiie price adders for aimual and 
extended summer resources are obtained from the shadow prices associated with the 
respective binding minimum resource requirement constraints. 

In the BRA, Capacity Market Sellers are allowed to specify a minimum bound for the 
unforced capacity on the resource offered into the auction. If any such inflexible offers 
emerge as marginal or close to being marginal, the RPM algorithm relaxes the minimum 
bound on those offers and re-solves the optimization, thus allowing those offers to dear 
below tiie spedfied lower bound. In the BRA, any resource that cleared below their 
specified minhnum bound receives a make whole payment for the shortfall between the 
minimum bound and the unconstrained cleared MW, at the clearing price. The 
alternative to clearing an inflexible offer may result in clearing of higher priced offers to 
satisfy the applicable resource requirements. The RPM algorithm explidtly compares 
solutions with make-whole against solutions without make-whole payments to arrive at 
the optimal solution. 

Possible Reasons for Differences between PJM and IVIMU Solutions 

It is possible for the MMU's solution to the BRA optimization problem to differ from 
PJM's solution although these differences are usually small. The following are some of 
the reasons which may contribute to tiie difference between the MMU's solution and 
PJM's solution: 

1. Optimization Tolerance: All mixed integer programming solvers use numerical 
methods to determine the optimal solution. These methods are of finite arithmetic 
precision. Therefore, tiie search path and eventually the final solution depend on the 
chosen tolerance levels. In general, tighter tolerance levels are assodated with longer 
computational times. One of the tolerance criteria used by mixed integer 
programming solvers is specified as a limit on the execution time. It is possible for 
solutions to diverge slightly, even with identical resource limit criteria, due to 
differences in the speed of the computers on which the solver is nm. 

2. Algorithm: The solution approach involves iteratively solving a mixed integer 
problem to locate the optimal solution given all the applicable business rules. The 
tolerance of the criteria used to evaluate feasible solutions in the iterative approach is 
also likely to affect the final solution. PJM did not provide the MMU with all the 
tolerances of all the criteria used to clear the market. 

3. Non-unique solution: It is possible for the BRA optimization problem to have non-
unique solutions. Identical inputs could result in slightly different solutions witii 
exactly the same objective value within the chosen tolerance levels. 
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Comparison of PJM and MMU Solutions 

The results of the 2016/2017 RPM Base Residual Auction conducted by PJM were 
replicated using the MMU's approach. The total MW cleared for every nested LDA 
using the MMU's algorithm is within 0.015 percent of the corresponding total MW 
cleared under PJM's method. The clearing prices using tiie MMU's approach are within 
1.5 percent of the corresponding clearing prices under PJM's method. 

Recommendations 

The MMU recommends two changes to the RPM solution methodology that address 
make-whole payments and the iterative reconfiguration of the VRR curve. These 
changes will result in a simpler approach to the optimization problem, which will 
improve the stability, transparency, and manageability of the RPM market clearing. 

The RPM solution method does not explicitly include the cost of make-whole payments 
in its objective function. Instead, the model handles inflexible offers as part of an 
iterative process and make-whole payments are determined at the end. Because the 
additional make-whole payments are excluded from the optimization objective function, 
the model does not optimaUy balance the system to accommodate the extra cost and the 
extra MW of make-whole payments as part of the optimization. The MMU recommends 
changing the RPM solution methodology to explicitly incorporate the cost of make-
whole payments in the objective function. The model would be able to choose the lower 
cost option of an inflexible offer and a higher priced flexible offer. The MMU's testing 
has shown that the proposed approach solves as fast and results in a better solution 
defined by overall system benefit. 

PJM's RPM model maintains a nested LDA structure, in which tiie capacity procured 
towards meeting a child LDA's VRR also satisfies the nested parent LDA's VRR. To 
respect this relationship, the mixed integer optimization problem is solved iteratively, 
where after every iteration, tiie parent LDAs' VRR curves are reconfigured to reflect 
their respective child LDAs' cleared capacity. The process is repeated until a 
convergence point, based on the difference in cleared capacity for each LDA from one 
iteration to the next, is reached. The purpose of the iterative approach is to jointly 
optimize the cost of procuring a child LDA's and the parent LDA's capacity to meet their 
respective VRRs. However, the joint optimization can be accomptished more efficiently 
with a simultaneous rather than an iterative approach by defining variables for tiie 
nesting relationships. The MMU recommends changing the RPM solution methodology 
to define variables for the nesting relationships in the BRA optimization model directly 
rather than employing the current iterative approach, in order to improve the efficiency 
and stabiUty of the solution. 
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Illustration of BRA Clearing Algorithm 
The objective function in the auction optimization algorithm is to maximize tiie area 
between the RTO VRR curve and the supply curve while simultaneously satisfying tiie 
LDA import limits and minimum resource requirements. The objective ensures that the 
total cost of procurement is minimized while the highest offer cleared, bounded by the 
VRR curve, sets the clearing price. The auction clearing process is equivalent to choosing 
the price and quantity that maximize total welfare, where the VRR curve is the demand 
curve and capacity offers are the supply curve. 

Figure 5 and Figure 6 show an example child VRR and parent VRR curves. To illustrate 
the price formation in the BRA, two example scenarios are presented. In the first 
scenario, a higher CETL is assumed between the parent LDA and the child LDA. In the 
second scenario, a lower CETL is assumed between the parent LDA and the child LDA. 
All other offers and parameters are identical in the two scenarios. In both scenarios, only 
one type of resource and oitiy one requirement are considered."^ 

Figure 7 and Figure 8 iUustrate the solution for the first scenario. Only 189.1 MW of the 
available 300 MW CETL is utilized. Therefore the CETL constraint is non-binding and 
out of merit offers are not needed to meet the child LDA's Variable Resource 
Requirement. The marginal clearing price for both the parent and child LDA is $120.00. 

Figure 9 and Figure 10 illustrate tiie solution for the second scenario. The only difference 
between first and second scenarios is that the CETL is 150 MW in the second scenario 
compared to 300 MW in the first scenario. The solution shows that the entire 150 MW 
available is utilized by the child LDA to import capacity from the parent LDA. Out of 
merit, higher price offers, relative to the ones cleared for the parent LDA, are needed to 
meet the Variable Resource Requirement of the child LDA. The shadow price of the 
binding CETL constraint $13.30 per MW-day, reflects the tradeoff between a clearing a 
resource from child LDA against dearing a resource from the parent LDA. The marginal 
clearing prices of tiie parent LDA and the child LDA are $106.70 and $120.00 per MW-
day respectively. 

"* For simplidty, the minimum annual resource requirement and minimum summer extended 
resource requirement constraints are not included: 
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Figure 5 Variable Resource Requirement Curve: Child LDA 
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Figure 6 Nested Variable Resoutce Requirement Curve: Parent LDA 
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Figure 7 Optimal solution for scenario 1: Child LDA 

$200 

400 600 800 1,C 

Capacity (Unforced MW) 

1,200 

Imports from parent LDA 
(189.1 MW out of available 300 MW CETL) 

Figure 8 Optimal solution for scenario 1: Parent LDA 
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Figure 9 Optimal solution for scenario 2: Child LDA 
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Figure 10 Optimal solution for scenario 2: Parent LDA 
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Introduction 

This report, prepared by the Independent Market Monitor for PJM (IMM or MMU), 
reviews the functioning of the eleventh Reliability Pricing Model (RPM) Base Residual 
Auction (BRA) (for the 2017/2018 Delivery Year) and responds to questions raised by 
PJM members and market observers about that auction. The MMU prepares a report for 
each RPM Auction. 

This report addresses, explains and quantifies the basic market outcomes. This report 
also addresses and quantifies the impact on market outcomes of: the Short-Term 
Resource Procurement Target; Demand Resources (DR); the definition of Demand 
Resource products; Avoidable Project Investment Recovery Rate (APIR) changes related 
to environmental regulations; and capacity imports. 

Conclusions and Recommendations 

The capacity market is, by design, always tight in the sense that total supply is generally 
only shghtly larger than demand. While the market may be long at times, that is not the 
equilibrium state. Capacity in excess of demand is not sold and, if it does not earn or 
does not expect to earn adequate revenues in future capacity markets, or in other 
markets, or does not have value as a hedge, may be expected to retire. The demand for 
capacity includes expected peak load plus a reserve margin, and points on the Variable 
Resource Requirement (VRR) curve exceed peak load plus tiie reserve margin. Thus, the 
reUability goal is to have total supply equal to or slightly above the demand for capacity. 
The level of purchased demand under RPM has generally exceeded expected peak load 
plus the target reserve margin, resulting in reserve margins that exceed the target. 
Demand is almost entirely inelastic because the market rules require loads to purchase 
their share of the system capacity requirement. The level of elasticity incorporated in the 
RPM demand curve, called the Variable Resource Requirement (VRR) curve, is not 
adequate to modify this conclusion. The result is that any supplier that owns more 
capacity than the typically small difference between total supply and the defined 
demand is individually pivotal and therefore has structural market power. Any supplier 
that, jointiy with two other suppliers, owns more capacity than the difference between 
supply and demand either tn aggregate or for a local market is jointiy pivotal and 
therefore has structural market power. 

The market design for capacity leads, almost unavoidably, to structural market power in 
the capacity market. The capacity market is unlikely ever to approach a competitive 
market structure in the absence of a substantial and unlikely structural change that 
results in much greater diversity of ownership. Market power is and will remain 
endemic to the existing structure of the PJM Capacity Market. Nonetheless a competitive 
outcome can be assured by appropriate market power mitigation rules. Detailed market 
power mitigation rules are included in the PJM Open Access Transmission Tariff (OATT 
or Tariff). This represents a significant advance over the prior capacity market design. 
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Reliance on the RPM design for competitive outcomes means reliance on the market 
power mitigation rules. Attenuation of those rules would mean that market participants 
would not be able to rely on the competitiveness of the market outcomes. However, the 
market power rules are not perfect and, as a result, competitive outcomes require 
continued improvement of the rules and ongoing monitoring of market participant 
behavior and market performance. 

In the capacity market, as in other markets, market power is the ability of a market 
participant to increase tlie market price above the competitive level or to decrease the 
market price below the competitive level. In order to evaluate whether actual prices 
reflect the exercise of market power, it is necessary to evaluate whether market offers are 
consistent with competitive offers. 

The MMU verified the reasonableness of cost data and calculated the derived offer caps 
based on submitted data; calculated unit net revenues; reviewed Minimum Offer Price 
Rule (MOPR) exception and exemption requests; reviewed offers for Planned 
Generation Capacity Resources; verified capacity exports; verified offers based on 
opportunity costs; reviewed requests for exceptions to the RPM must offer requirement; 
verified the sell offer Equivalent Demand Forced Outage Rates (EFORds); reviewed 
requests for alternate maximum EFORds; verified clearing prices based on the demand 
(VRR) curves and tiie Demand Resource Constraints; and verified that the market 
structure tests were applied correctiy.' All participants in the RTO and PSEG RPM 
markets failed the three pivotal supplier (TPS) test. The result was that offer caps were 
applied to all sell offers for Existing Generation Capacity Resources when tiie Capacity 
Market Seller did not pass the test, the submitted sell offer exceeded the defined offer 
cap, and the submitted sell offer, absent mitigation, would have resulted in a higher 
market clearing price.^ ^ The offer caps are designed to reflect the marginal cost of 

1 Attachment A reviews why the MMU calculation of clearing prices differs slightly from 
PJM's calculation of clearing prices and includes recommendations for improving the market 
dearing algorithm. 

2 Prior to November 1, 2009, existing DR and EE resources were subject to market power 
mitigation in RPM Auctions. See 129 FERC f 61,081 (2009) at P 30. 

3 Effective January 31, 2011, the RPM rules related to market power mitigation were changed, 
including revising the definition for Planned Generation Capacity Resource and creating a 
new definition for Existing Generation Capacity Resource for purposes of the must-offer 
requirement and market power mitigation, and treating a proposed increase in the capability 
of a Generation Capacity Resource the same in terms of mitigation as a Planned Generation 
Capacity Resource. See 134 FERC f 61,065 (2011). 
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capacity. Based on the data and this review, the MMU concludes that the results of the 

2017/2018 RPM Base Residual Auction were competitive, with the caveat that there 

continue to be significant issues with the capacity market design which have significant 

consequences for market outcomes. 

In particular, the MMU recommends that the use of the 2.5 percent demand adjustment 

(Short-Term Resource Procurement Target) be terminated immediately. The MMU 

recommends the enforcement of a consistent definition of capacity resource. The MMU 

recommends that the requirement to be a physical resource be enforced and enhanced. 

The requirement to be a physical resource should apply at the time of auctions and 

should also constitute a commitment to be physical in the relevant delivery year. The 

requirement to be a physical resource should be applied to all resource types, including 

planned generation, demand resources and imports.* ^ xhe MMU recommends that the 

performance incentives in the RPM Capacity Market design be strengthened. The MMU 

recommends that generation capacity resources be paid on the basis of whether they 

produce energy when called upon during any of the hours defined as critical.^ The 

MMU recommends that the definition of demand side resources be modified in order to 

ensure that such resources are full substitutes for and provide tiie same value in the 

Capacity Market as generation resources. Both the Limited and tiie Extended Summer 

DR products should be eliminated and the restrictions on the availability of Armual DR 

should be eliminated in order to ensure tiiat the DR product has the same unlimited 

obligation to provide capacity year round as Generation Capacity Resources. The 

remaining Annual DR should be on the demand side of the market rather than on the 

supply side. The MMU recommends that all capacity imports be required to be pseudo 

tied in order to ensure that imports are as close to full substitutes for internal, physical 

capacity resources as possible. The MMU recommends that the net revenue calculation 

used by PJM to calculate the net Cost of New Entry (CONE) VRR parameter reflect tiie 

actual flexibility of units in responding to price signals rather than using assumed fixed 

* See Comments of ttie Independent Market Monitor for PJM. Docket No. ER14-503-000. 
(December 20,2013). 

^ See "Analysis of Replacement Capacity for RPM Commitments: June 1, 2007 to June 1,2013," 
<http://www.monitoringanalytics.com/reports/RepQrts/2013/lMM Report on Capacity Repl 
acement Activity 2 20130913.pdf> (September 13,2013). 

^ See the IMM's White Paper included in: Monitoring Analytics, LLC and PJM Interconnection, 
LLC, "Capacity in the PJM Market," 
<http://www.monitoringanalytics.com/reports/Reports/2012/IMM And PTM Capacity Whit 
e Papers On OPSI Issues 20120820.pdf> (August 20,2012). 
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operating blocks that are not a result of actual unit limitations.^ ^ The result of reflecting 
the actual flexibility is higher net revenues, which affect the parameters of the RPM 
demand curve and market outcomes. The MMU recommends that the rule requiring 
that relatively small proposed increases in the capability of a Generation Capacity 
Resource be treated as plarmed for purposes of mitigation and exempted from offer 
capping be removed. The MMU recommends that, as part of the MOPR unit specific 
standard of review, all projects be required to use the same basic modeling assumptions. 
That is the only way to ensure that projects compete on the basis of actual costs rather 
than on the basis of modeling assumptions.^ 

The MMU recommends two changes to the RPM solution methodology related to make-
whole payments and the iterative reconfiguration of the VRR curve.^*' The MMU 
recommends changing the RPM solution methodology to explicitly incorporate the cost 
of make-whole payments in the objective function. The MMU also recommends 
changing the RPM solution methodology to define variables for the nesting relationships 
in the BRA optimization model directly ratiier than employing the current iterative 
approach, in order to improve the efficiency and stability. 

^ See PJM Interconnection, L.L.C., Docket No. ER12-5:3 (December 1, 2011) ("Triennial 
Review"). 

8 See the 2012 State of the Market Report for PJM, Volume II, Section 6, Net Revenue, 

^ See 143 FERC t 61,090 (2013) ("We encourage PJM and its stakeholders to consider, for 
example, whether the unit-spedfic review process would be more effective if PJM requires 
the use of common modeling assumptions for establishing imit-spedfic offer floors while, at 
the same time, allowing sellers to provide support for objective, individual cost advantages. 
Moreover, we encourage PJM and its stakeholders to consider these modifications to the unit-
specific review process together with possible enhancements to the calculation of Net 
CONE."); see also. Comments of the Independent Market Monitor for PJM, Docket No. ER13-
535-001 (March 25, 2013); Complaint of the Independent Market Monitor for PJM v. 
Unnamed Participant, Docket No. EL12-63-000 (May 1, 2012); Motion for Clarification of the 
Independent Market Monitor for PJM, Docket No. ERll-2875-000, et al. (Febmary 17, 2012); 
Protest of the Independent Market Monitor for PJM, Docket No. ERll-2875-002 (June 2,2011); 
Comments of the Independent Market Monitor for PJM, Docket Nos. ELll-20 and ERn-2875 
(March 4,2011). 

'̂ ° For more details on these recommendations, see Attachment A. 
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Results 

The shape of the demand curve, the VRR curve, had a significant impact on the outcome 
of the auction. As a result of the downward sloping VRR demand curve, more capacity 
cleared in the market than would have cleared with a vertical demand curve equal to the 
reliability requirement. As shown in Table 6, the 167,003.7 MW of cleared resources for 
the entire RTO, which represented a reserve margin of 20.1 percent not considering 
Fixed Resource Requirement (FRR) load, resulted in net excess of 6,187.0 MW over the 
reliability requirement of 165,007.1 MW." 

The Short-Term Resource Procurement Target had a significant impact on the auction 
results. The removal of 2.5 percent of demand significantiy reduced the clearing prices 
and quantities for all the RPM LDA markets. The clearing quantities of Armual 
Resources, including generation and DR, were reduced as a result of the 2.5 percent 
demand reduction. Based on actual auction clearing prices and quantities and make-
whole MW, total RPM market revenues for the 2017/2018 RPM Base Residual Auction 
were $7,512,229,630. If the VRR curves had not been reduced by tiie Short-Term 
Resource Procurement Target and everything else had remained the same, total RPM 
market revenues for the 2017/2018 RPM Base Residual Auction would have been 
$9,947,329,539, an increase of $2,435,099,909, or 32.4 percent, compared to the actual 
results. From another perspective, the use of the Short-Term Resource Procurement 
Target resulted in a 24.5 percent reduction in RPM revenues for the 2017/2018 RPM Base 
Residual Auction compared to what RPM revenues would have been without the 2.5 
percent reduction in demand. If the VRR curves and Demand Resource Constraints had 
not been reduced by the Short-Term Resource Procurement Target, total RPM market 
revenues for the 2017/2018 RPM Base Residual Auction would have been $9,967,834,187, 
an increase of $2,455,604,557, or 32.7 percent, compared to the actual results. From 
another perspective, the use of the Short-Term Resource Procurement Target resulted in 
a 24.6 percent reduction in RPM revenues for the 2017/2018 Base Residual Auction 
compared to what RPM revenues would have been without the 2.5 percent reduction of 
demand.'^ 

" This calculation of the reserve margin excludes tiie Short-Term Resource Procurement Target 
from the peak load forecast and from cleared MW. The excess is defined relative to 97.5 
percent of the peak load forecast. 

" These results were also reported in: The 2017/2018 RPM Base Residual Auction: Sensitivity 
Analyses Revised, Monitoring Analytics, LLC (August 26, 2014) 
<http://www.monitoringanalytics.com/reports/Reports/2014/IMM_20172018_RPM_BRA_Sen 
sitivity_Analyses_Revised_20140S26.pdf> 
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The inclusion of Limited and Extended Sunimer DR products in the auction also had a 
significant impact on the auction results. Based on actual auction clearing prices and 
quantities and make-whole MW, total RPM market revenues for the 2017/2018 RPM 
Base Residual Auction were $7,512,229,630. If only generation. Annual DR, and Energy 
Efficiency (EE) resources were offered in the 2017/2018 RPM Base Residual Auction and 
everything else had remained the same, total RPM market revenues for the 2017/2018 
RPM Base Residual Auction would have been $9,738,222,922, an increase of 
$2,225,993,292, or 29.6 percent, compared to the actual results. From another perspective, 
the inclusion of the Limited and Extended Summer DR products resulted in a 22.9 
percent reduction in RPM revenues for the 2017/2018 RPM Base Residual Auction 
compared to what RPM revenues would have been without the Limited and Extended 
Summer DR products. 

The combination of the Short-Term Resource Procurement Target and Limited and 
Extended Summer DR products had a significant impact on the auction results. Based on 
actual auction clearing prices and quantities and make-whole MW, total RPM market 
revenues for tine 2017/2018 RPM Base Residual Auction were $7,512,229,630. If the VRR 
curves had not been reduced by the Short-Term Resource Procurement Target and only 
generation. Annual DR, and EE were offered in the 2017/2018 RPM Base Residual 
Auction and everything else had remained the same, total RPM market revenues for the 
2017/2018 RPM Base Residual Auction would have been $10,932,522,889, an increase of 
$3,420,293,259, or 45.5 percent, compared to the actual results. From another perspective, 
the use of the Short-Term Resource Procurement Target together with the inclusion of 
the Limited and Extended Summer DR products resulted in a 31.3 percent reduction in 
RPM revenues for tiie 2017/2018 RPM Base Residual Auction compared to what RPM 
revenues would have been without the Short-Term Resource Procurement Target or the 
Limited and Extended Summer DR products. 

The inclusion of sell offers for Demand Resources and Energy Efficiency resources had a 
significant impact on the auction results. Based on actual auction clearing prices and 
quantities and make-whole MW, total RPM market revenues for the 2017/2018 RPM 
Base Residual Auction were $7,512,229,630. If there were no offers for DR or EE in the 
2017/2018 RPM Base Residual Auction and everything else had remained the same, total 
RPM market revenues for the 2017/2018 RPM Base Residual Auction would have been 
$16,859,658,203, an increase of $9,347,428,573, or 124.4 percent, compared to the actual 
results. From another perspective, the inclusion of Demand Resources and Energy 
Efficiency resources resulted in a 55.4 percent reduction in RPM revenues for the 
2017/2018 RPM Base Residual Auction compared to what RPM revenues would have 
been without any Demand Resources or Energy Efficiency resources. 

The inclusion of sell offers for Annual DR and EE had a significant impact on the auction 
results. Based on actual auction clearing prices and quantities and make-whole MW, 
total RPM market revenues for the 2017/2018 RPM Base Residual Auction were 

I Monitoring Analytics 2014 t www.monitoringanalytics.com 

http://www.monitoringanalytics.com


$7,512,229,630. If only generation. Annual DR, and EE were offered in the 2017/2018 
RPM Base Residual Auction and everything else had remained the same, total RPM 
market revenues for the 2017/2018 RPM Base Residual Auction would have been 
$9,738,222,922. If there were no offers for DR or EE in the 2017/2018 RPM Base Residual 
Auction, total RPM market revenues for the 2017/2018 RPM Base Residual Auction 
would have been $16,859,658,203, an increase of $7,121,435,281, or 73.1 percent, 
compared to the results with only generation. Annual DR, and EE. The inclusion of sell 
offers for Annual DR and EE resulted in a 42.2 percent reduction in RPM revenues for 
the 2017/2018 RPM Base Residual Auction compared to the revenues without any 
demand side products. 

This is the best measure of the competitive impact of demand side products on the RPM 
market. The Armual DR product definition is the only one relatively close to consistent 
with being a capacity resource although the demand side product should be on the 
demand side rather tiian the supply side. Assuming that the DR meets appropriate 
measurement and verification standards and that the DR was offered with the intention 
of providing physical resources, competition from the Annual DR product and Energy 
Efficiency resources resulted in a 42.2 percent reduction of payments for capacity. This 
demonstrates that Armual DR together with Energy Efficiency resources had a 
significant impact on market outcomes and resulted in the displacement of generation 
resources. Thus, even when the DR product is limited to the Annual DR product, DR has 
a significant and appropriate competitive impact on capacity market outcomes although 
the market design should be modified such that the demand side product is on the 
demand side rather than the supply side. If the current DR resources are legitimate, 
there is no reason to believe tiiat the market impact of the demand side product would 
be sigruficantly different if the demand side product were on the demand side of the 
market as it should be. As in prior BRAs, Extended Summer and Limited DR products 
also had a significant impact in tiie 2017/2018 BRA, but those impacts resulted from 
badly defined and inferior products. 

The level of DR products that buy out of their positions after the BRA however suggests 
that the impact of DR on generation investment incentives needs to be carefully 
considered and the rules governing the requirement to be a physical resource are 
enforced.'3 If DR displaces new generation resources in BRAs, but then buys out of the 
position prior to the delivery year, this means potentially replacing new entry 
generation resources at the high end of the supply curve with other capacity resources 

3̂ See "Analysis of Replacement Capacity for RPM Commitments: June 1,2007 to June 1,2013" 
<http://www.monitormganalytics.com/reports/Reports/2013/IMM Report on Capacity Repl 
acement Activity 2 20130913.pdf> (September 13, 2013). 
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available in Incremental Auctions. This would suppress the price of capacity in the BRA 
compared to competitive result because it permits the shifting of demand from the BRA 
to the Incremental Auctions, which is inconsistent with the must offer, must buy rules 
governing the BRA. 

The inclusion of investments based on environmental regulation compliance, including 
the EPA's Mercury and Air Toxics Standards (MATS) rules and the National Emissions 
Standards for Hazardous Air Pollutants (NESHAP) for stationary reciprocating internal 
combustion engines (RICE) rules and the NJ High Electric Demand Day (HEDD) Rule, 
had a small impact on the auction results. Of the 11,449.8 MW of uncleared offers for 
generation resources, 4,245.6 MW were offers for resources that included costs 
associated with environmental regulation compliance that were not previously included 
in APIR. Based on actual auction clearing prices and quantities and make-whole MW, 
total RPM market revenues for the 2017/2018 RPM Base Residual Auction were 
$7,512,229,630. If tiie APIR associated with the pending environmental regulations 
which had not been previously submitted were removed and everything else had 
remained the same, total RPM market revenues for the 2017/2018 RPM Base Residual 
Auction would have been $7,531,360,041, an increase of $19,130,411, or 0.3 percent, 
compared to the total based on actual results. From another perspective, the impact of 
including environmental compliance costs in APIR was to decrease total market 
revenues by $19,130,411, or 0.3 percent. 

The inclusion of capacity imports in the 2017/2018 RPM Base Residual Auction had a 
significant impact on the auction results. Based on actual auction clearing prices and 
quantities and make-whole MW, total RPM market revenues for the 2017/2018 RPM 
Base Residual Auction were $7,512,229,630. If offers for external generation were 
reduced by 25 percent and everything else had remained the same, total RPM market 
revenues for the 2017/2018 RPM Base Residual Auction would have been $8,210,054,013, 
an increase of $697,824,383, or 9.3 percent, compared to the actual results. The impact of 
including 75 percent of the offers for external generation resources was to decrease total 
market revenues by $697,824,383, or 8.5 percent. If offers for external generation were 
reduced by 75 percent and everything else had remained the same, total RPM market 
revenues for the 2017/2018 RPM Base Residual Auction would have been 
$10,202,534,135, an increase of $2,690,304,504, or 35.8 percent, compared to the actual 
results. The impact of including 25 percent of the offers for external generation resources 
was to decrease total market revenues by $2,690,304,504, or 26.4 percent. 

Of the 4,944.7 MW offered by external generation resources in the 2017/2018 RPM Base 
Residual Auction, 963.9 MW or 19.5 percent were not or did not plan to be pseudo tied. 
If offers for external generation resources that were not or did not plan to be pseudo tied 
were excluded and everything else had remained the same, total RPM market revenues 
for the 2017/2018 RPM Base Residual Auction would have been $7,785,489,989, an 
increase of $273,260,359, or 3.6 percent, compared to the actual results. The impact of 
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including external generation resources without pseudo ties was to decrease total 
market revenues by $273,260,359, or 3.5 percent. The impact of increased imports is 
comparatively high in the RTO because all imports are considered to be imports to the 
RTO. 

Clearing Prices 

Table 1 shows the clearing prices for Annual Resources in the 2017/2018 BRA by LDA 
compared to the corresponding net Cost of New Entry (CONE) values. The clearing 
prices for Armual Resources were less than net CONE for every Locational 
Deliverability Area (LDA). 

Table 1 Clearing prices and net CONE: 2017/2018 RPM Base Residual Auction 

Annual Clearing Price Net CONE Annual Clearing Price 

($ per MW-day) ($ per MW-day) to Net CONE 
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Market Changes 

RPM Market Design Changes 

External Generation Resources 

Effective witii the 2017/2018 Dehvery Year, Capacity Import Limits (CILs) are 
established for each of the five external source zones and the overall PJM region to 
account for the risk that external generation resources may not be able to deliver energy 
during the relevant Delivery Year due to the curtailment of firm transmission by third 
parties.'* Capacity Market Sellers may request an exception to the CIL for an external 

14 147 FERC f 61,060 (2014). 
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generation resource by committing that the resource will be pseudo tied prior to the 
start of the relevant Delivery Year, by demonstrating that it has long-term firm 
transmission service confirmed on the complete transmission path from the resource to 
PJM, and by agreeing to be subject to the same RPM must offer requirement as internal 
PJM generation resources. 

RPM Must Offer Requirement and Market Power Mitigation 

The 2017/2018 RPM Base Residual Auction was the fourth BRA conducted under the 
revised RPM rules effective January 31,2011, related to the RPM must-offer requirement 
and market power mitigation.'^ These changes included clarifying the applicability of 
the must-offer requirement and the circumstances under which exemptions from the 
RPM must-offer requirement would be allowed, revising the definition for Planned 
Generation Capacity Resource and creating a new definition for Existing Generation 
Capacity Resource for purposes of tiie must-offer requirement and mitigation, treating a 
proposed increase in the capability of a Generation Capacity Resource in exactly the 
same way as a Planned Generation Capacity Resource for purposes of market power 
mitigation. 

The 2017/2018 RPM Base Residual Auction was the second BRA conducted imder the 
process related PJM Tariff revisions. ̂ ^ These revisions included defining additional 
deadlines and accelerating deadlines in advance of an auction related to exception 
processes for market seller offer caps, alternate maximum EFORds, MOPR, and the RPM 
must offer requirement. 

Effective October 15, 2013, new and revised deadlines for requesting an exception to the 
RPM must offer requirement due to plarmed retirement were implemented.''' The 
rationale for the earlier deadline is to allow new entrants adequate time to respond and 
enter the PJM generation interconnection queue. Previously, the deadline for requesting 
an exception to the RPM must offer requirement based on the reason of retirement was 
120 days prior to the auction. For the 2017/2018 BRA, a transition mechanism applied 
under which the deadline for requesting an exception to the RPM must offer 
requirement due to planned retirement was November 1, 2013. For all Base Residual 
Auctions for Delivery Years subsequent to 2017/2018, the deadtine will be September 1 
prior to the auction. 

15 134 FERC 161,065 (2011). 

1̂  Letter Order in FERC Docket No. ER13-149 (November 28,2012). 

1̂  145 FERC 161,035 (2013). 

©Monitoring Analytics 2014 I www.monitoringanalytics.com 10 

http://www.monitoringanalytics.com


Effective with the 2017/2018 Delivery Year, external resources which request and are 
granted exceptions to the CIL are treated as existing for purposes of the RPM must offer 
requirement for the relevant and subsequent Delivery Years. 

MOPR 

There have been two changes to the RPM Minimum Offer Price Rule (MOPR) effective 
for recent auctions. 

Effective Aprti 12, 2011, tiie RPM Minimum Offer Price Rule (MOPR) was changed. ̂ ^ 
The changes to the MOPR included updating tiie calculation of the net Cost of New 
Entry (CONE) for combined cycle (CC) and combustion turbine (CT) plants, increasing 
the percentage value used in the screen to 90 percent for CC and CT plants, etiminating 
the net-short requirement as a prerequisite for applying the MOPR, eliminating the 
impact screen, revising the process for reviewing proposed exceptions to the defined 
minimum sell offer price, and clarifying which resources are subject to the MOPR along 
with the duration of mitigation. 

The 2017/2018 RPM Base Residual Auction was the fourth BRA conducted under tiie 
revised MOPR and the third conducted imder the subsequent FERC orders related to the 
MOPR, including clarification on the duration of mitigation, which resources are subject 
to MOPR, and the MOPR review process.'^ 

Effective May 3, 2013, the RPM Minimum Offer Price Rule (MOPR) was changed 
again.20 The changes to the MOPR included establishing Competitive Entry and Self 
Supply Exemptions while also retaining the unit specific exemption process for those 
that do not quatify for the Competitive Entry or Self Supply Exemptions; changing the 
applicability of MOPR to include only combustion turbine, combined cycle, integrated 
gasification combined cycle (IGCC) technologies while excluding units primarily fueled 
with landfill gas or cogeneration units which are certified or self-certified as Qualifying 
Facilities (QFs); changing the applicability to increases in installed capacity of 20.0 MW 
or more combined for all units at a single point of interconnection to the Transmission 
System; changing the applicability to include the full capability of repowering of plants 
based on combustion turbine, combined cycle, IGCC technology; increasing the screen 

18 135 FERC f 61,022(2011). 

15 135 FERC J 61,022 (2011), order on reh'g, 137 FERC f 61,145 (2011), order on compliance, 139 
FERC 161,011, order on compliance, 140 FERC 161,123. 

20 143 FERC t 61,090 (2013). 
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from 90 percent to 100 percent of the applicable net CONE values; and broadening the 
region subject to MOPR to the entire RTO from constrained LDAs only. 

ACR 

The default Avoidable Cost Rate (ACR) escalation method which had been 
recommended by the MMU was approved and became effective on February 5, 2013, for 
the 2016/2017 and subsequent Delivery Years.^i 22 23 xhe 2017/2018 RPM Base Residual 
Auction was the second BRA held under this ACR escalation method change. 

The FERC Order also approved updates to the base default ACR values and 
consolidation of the ACR technology classifications, which are effective for the 2017/2018 
and subsequent Delivery Years. The 2017/2018 RPM Base Residual Auction was the first 
BRA conducted using the revised ACR technology classifications. The default ACR 
values for the 2017/2018 Delivery Year were calculated by applying tiie applicable 
annual rate of change in the Handy-Whitman Index value to update the base values 
through 2013/2014 for which data were available and applying the most recent ten year 
annual average rate of change in the Handy-Whitman Index to recalculate the default 
ACR values for 2014/2015 through 2016/2017 prior to estimating tiie default ACR values 
for tiie 2017/2018 Delivery Year. 

Gross CONE 

Effective January 20, 2013, the gross CONE values for the 2015/2016 Delivery Year were 
updated as part of a Settlement Agreement. 2-* Between triermial review periods, the 
gross CONE values for Delivery Years subsequent to 2015/2016 are determined by 
escalating the base values using the most recent twelve month change in the Handy-
Whitman Index. 

21 For more details on the default ACR calculation issue, see "Analysis of the 2013/2014 RPM 
Base Residual Auction Revised and Updated," pp. 6-9 
<http://www.monitoringanalytics.com/reports/Reports/2010/Analysis of 2013 2014 RPM B 
ase Residual Auction 2009Q920.pdf> (September 20,2010). 

22 PJM Interconnection, L.L.C, Docket No. ER13-529 (December 7, 2012) at 19. 

23 142 FERC \ 61,092 (2013). 

24 142 FERC 1 6 1 , 0 7 9 (2013). 
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Demand Resource Rules 
Effective January 31, 2013, a third test for determining the Limited DR ReliabiUty Target 
was implemented by PJM with the goal of limiting the probability of requiring an 
interruption of longer than six hours, which is the maximum duration of an interruption 
for a Limited DR product.^^ 

Effective with the 2014/2015 Delivery Year, the RPM market design incorporated Annual 
and Extended Summer DR product types, in addition to the previously established 
Limited DR product type.^^ Each DR product type is subject to a defined period of 
availability, a maximum number of interruptions, and a maximum duration of 
interruptions. The RPM rule changes related to DR product types also include the 
establishment of a maximum level of Limited DR and a maximum level of Extended 
Summer DR cleared in the auction, which are defined as a Minimum Annual Resource 
Requirement and a Minimum Extended Summer Resource Requirement for the PJM 
region as a whole and LDAs for which a separate VRR curve is established. 2̂  Annual 
Resources include generation resources. Annual DR, and EE. 

The Mirumum Resource Requirements are targets established by PJM to ensure that a 
sufficient amount of Annual Resources are procured in order to address reliability 
concerns with the Extended Summer and Limited DR products and to ensure that a 
sufficient amount of Annual Resources and Extended Summer Resources are procured 
in order to address reliabitity concerns with the Limited DR product. The reliability risk 
associated with relying on either the Extended Summer or Limited DR products results 
from the fact that reliability must be maintained in all 8,760 hours per year while these 
resources are required to respond for only a limited number of hours when needed for 
reliabiUty. The Minimum Annual Resource Requirement is the minimum amount of 
capacity that PJM will seek to procure from Annual Resources in order to maintain 
reliabiUty based on a PJM analysis of the probability of needing Limited DR resources.2^ 
The Mirumum Extended Summer Resource Requirement is the minimum amount of 
capacity that PJM will seek to procure from Annual Resources and Extended Summer 
DR. In other words, there is a maximum level of Limited DR and a maximum level of 

25 143 FERC f 61,076 (2013). 

26 134 FERC 161,066 (2011). 

2̂  The L D A s for which M i n i m u m Resource Requi rements are established w a s subsequent ly 
revised. See 135 FERC f 61,102 (2011). 

28 See PJM filing init iating FERC Docket No . ER13-486-Q00 (November 30,2012). 
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Extended Summer DR that PJM will purchase to meet reliability requirements, because 
additional purchases of these products is not consistent with reliabiUty based on a PJM 
analysis of the probability of needing Limited DR resources when they are not available. 
The maximum level of Limited and Extended Summer DR is the difference between the 
minimum level of Annual Resources and the VRR curve. 

As part of the definition of the new DR products effective with the 2014/2015 Delivery 
Year, coupled DR sell offers were defined. Coupled DR sell offers are linked sell offers 
for a Demand Resource that is able to provide more than one of the three DR product 
types. For example, a DR offer based on a single facility could be offered as Annual, 
Extended Summer and Limited simultaneously in a coupled offer. Only Demand 
Resources of different product types may be coupled, and the Capacity Market Seller 
must specify a sell offer price of at least $0.01 per MW-day more for the less limited DR 
product type within a coupled segment group. 

PJM's auction clearing mechanism will result in a higher price for Annual Resources if 
the MW of Armual Resources that would otiierwise clear the auction, including all 
resources, are less than the Minimum Annual Resource Requirement that PJM requires 
for reUability. In that case the auction clearing mechanism will select Annual Resources 
that are more expensive than the clearing price tiiat would otherwise result in order to 
procure the defined Minimum Armual Resource Requirement. PJM's auction clearing 
mechanism wiU also result in a higher price for Extended Summer Resources if the MW 
of Extended Sumnier Resources that would otiierwise clear the auction are less than the 
Minimum Extended Summer Resource Requirement that PJM requires for reliability. In 
that case the auction clearing mechanism will select Extended Summer Resources that 
are more expensive than the clearing price tiiat would otherwise result in order to 
procure the defined Minimum Extended Summer Resource Requirement. 

This result is also described as procuring the Annual or Extended Summer Resources 
out of merit order because the minimum resource requirements are binding constraints. 
In cases where one or both of the minimum resource requirements bind, resources 
selected to meet the minimmn requirements will receive a price adder to the system 
marginal price, in addition to any locational price adders needed to resolve locational 
constraints. 

Capacity Market Sellers must estabUsh credit if offering any Planned Capacity Resource, 
Qualified Transmission Upgrade, or an external resource without firm transmission in 
an RPM Auction. Effective with the 2014/2015 Delivery Year, the RPM market design 
also included the implementation of credit limited offers, which allow a Capacity 
Market Seller to specify a Maximum Post-Auction Credit Exposure (MPCE) in dollars 
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for a planned resource using a non-coupled offer type-29 so Capacity Market Sellers 

utilizing coupled sell offers cannot use the MPCE option. The intent of credit Umited 

offers is to allow Capacity Market Sellers to better manage their credit requirement by 

specifying the maximum amount of credit they are willing to incur and to provide the 

service of determining the maximum cleared MW given the MPCE lirrut. For DR, 20 

percent of MW offered used MPCE while for Energy Efficiency (EE) resources, eight 

percent of M W offered used MPCE. 

Under the new rule incorporating the ability to set an MPCE, the RPM market clearing 

process mus t yield a solution where no resource's Post-Auction Credit Exposure (PCE) 

exceeds its MPCE for credit limited offers. The Post-Auction Credit Rate is a function of 

the resource clearing price. As a result, the RPM Auction must be solved iteratively until 

no MPCE violations exist. 

Effective with the 2012/2013 Delivery Year, the RPM credit rate prior to the posting of 

the BRA results is equal to the greater of $20 per MW-day or 30 percent of the LDA net 

Cost of New Entry times the number of days in the delivery year, and the RPM credit 

rate after posting the BRA results is the greater of $20 per MW-day or 20 percent of tiie 

LDA resource clearing price for the relevant product type times the number of days in 

the delivery year.^i The MPCE option permits participants to offer capacity when they 

could not otherwise offer capacity based on an uncertain RPM credit rate that could vary 

with clearing prices. 

Effective January 31, 2012, the 2.5 percent holdback is not subtracted from the Minimum 

Annual and Extended Summer Resource Requirements. ̂ 2 xhe first auction affected was 

the 2015/2016 BRA. The prior rule required that the Short-Term Resource Procurement 

Target, or 2.5 percent holdback, be subtracted from all product types including Armual, 

Extended Summer and Limited DR. Under the old rule, in the case where either the 

Mirumum Annual Resource Requirement or Minimum Extended Summer Resource 

Requirement were binding, the maximum amoimt of Limited DR would be procured in 

the Base Residual Auction, leaving none to be procured in Incremental Auctions for the 

relevant delivery year. Under the new rule, tiie entire 2.5 percent is subtracted from the 

amount of Limited DR procured in the BRA, assuming either the Min imum Aimual 

29 Letter Order issued in Docket No. ERll-2913-000 (April 13,2011). 

30 PJM. "Manual 18: PJM Capacity Market," Revision 19 June 1,2013), p. 71-72. 

31 PJM. "Manual 18: PJM Capacity Market," Revision 19 (June 1, 2013), p. 71. 

32 138 FERC J 61,062 (2012). 
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Resource Requirement or Minimum Extended Summer Resource Requirement is 
binding. For example in the 2015/2016 BRA, applying the Short-Term Resource 
Procurement Target reduced the amount of Limited DR procured by 4,069.4 MW, which 
is equal to 2.5 percent of 162,777.4, the demand adjusted for FRR. 

Effective with the 2017/2018 DeUvery Year, the Minimum Annual and Extended 
Summer Resource Requirements were replaced by Limited and Sub-Annual Resource 
Constraints.33 The Limited Resource Constraint limits tiie quantity of Limited DR that 
can be procured, and the Sub-Annual Constraint Umits the quantity of Limited DR and 
Extended Summer DR that can be procured. Under the prior rules, the quantity of 
Limited DR and Extended Summer DR were not capped, as intended, at a fixed MW 
level. Under the prior rules, if the Minimum Armual Resource Requirement constraint 
were binding, the Extended Summer and Limited DR products would fill in the balance 
of capacity needed to meet the VRR curve. The modifications to the rules for the 
2017/2018 DeUvery Year reduced the impact of Limited and Extended Summer DR on 
market outcomes compared to what the impact would have been without the rule 
changes. 

Effective March 2,2014, every DR provider must submit a DR Sell Offer Plan, consisting 
of a completed template document with certain required information and a DR Offer 
Certification Form, at least 15 business days prior to an RPM Auction.34 The DR plan 
enhancements are meant to standardize the information requirements for offering 
planned DR, increase the likelihood that offers are based on physical assets and reduce 
the level of speculative offers. 

Preliminary Market Structure Screen 

The preliminary market structure screen (PMSS) was eliminated effective December 17, 
2012.35 The 2017/2018 RPM Base Residual Auction was the second BRA held after the 
PMSS was eliminated. 

Other Changes Affecting Supply and Demand 

On December 16, 2011, the U.S. Environmental Protection Agency (EPA) issued its 
Mercury and Air Toxics Standards rule (MATS), a final rule setting maximum 
achievable control technology (MACT) emissions standards for hazardous air pollutants 

33 146 FERC 1 61,052 (2014). 

34 146 F E R C 1 61,150 (2014). 

35 Letter Order issued in Docket No. ER13-149 (November 28,2012). 
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(HAP) from coal- and oil-fired electric utility steam generating units, pursuant to section 

112(d) of the Clean Air Act.s^ The rule requires compUance by April 16, 2015 with the 

possibility of one year extensions being granted to individual generation owners.3^ 

The State of New Jersey has separately addressed NOx emissions on peak energy days 

with a rule that defines peak energy usage days, referred to as High Electric Demand 

Days or HEDD.^s The rule implements performance standards on May 1, 2015, just prior 

to the commencement of the 2015/2016 Delivery Year. 

MMU Methodology 

The MMU reviewed the following inputs to and results of the 2017/2018 RPM Base 

Residual Auction: 39 

• Offer Caps. Verified that the avoidable costs, opportunity costs and net revenues 

used to calculate offer caps were reasonable and properly documented; 

• Net Revenues. Calculated actual unit-specific net revenue from PJM energy and 

ancillary service markets for each PJM Generation Capacity Resource for the period 

from 2011 tiirough 2013; 

• M i n i m u m Offer Price Rule (MOPR). Reviewed requests for Unit-Specific 

Exceptions, Competitive Entry Exemptions, and Self-Supply Exemption; 

^ National Emission Standards for Hazardous Air Pollutants from Coal- and Oil-fired Electric Utility 
Steam Generating Units and Standards of Performance for Fossil-Fuel-Fired Electric Utility, 
Industrial-Commercial-Institutional, and Small Indusfrial-Commercial-Institutional Steam 
Generating Units, EPA Docket No. EPA-HQ-OAR-2009-0234, 77 Fed. Reg. 9304 (Febmary 16, 
2012). 

3̂  Id- at 9465. 

N.J.A.C. § 7:27-19. 38 

39 Unless otherwise specified, all volumes and prices are in terms of unforced capacity (UCAP), 
which is calculated as installed capacity (ICAP) times (1-EFORd) for generation resources 
and as ICAP times the Demand Resource Factor and the Forecast Pool Requirement (FPR) for 
Demand Resources and Energy Efficiency Resources. The EFORd values in this report are the 
EFORd values used in the 2017/2018 RPM Base Residual Auction. 
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• Mitigation of Planned Generation Capacity Resources. Reviewed sell offers for 
Plarmed Generation Capacity Resources to determine if consistent witii levels 
specified in Tariff; 

• Exported Resources. Verified that Generation Capacity Resources exported from 
PJM had firm external contracts or made documented and reasonable opportunity 
cost offers; 

• RPM Must Offer Requirement. Reviewed exceptions to the RPM must offer 
requirement; 

• Maximum EFORd. Verified that the sell offer EFORd levels were less than or equal 
to the greater of the one-year EFORd or the five-year EFORd for the period ending 
September 30,2013 or reviewed requests for alternate maximum EFORds; 

• Clearing Prices. Verified that the auction clearing prices were accurate, based on 
submitted offers,'^ the Variable Resource Requirement (VRR) curves, and the 
Demand Resource Constraints; 

• Market Structure Test Verified that the market power test was properly defined 
using the TPS test, that offer caps were properly applied and that the TPS test results 
were accurate. 

Market Structure Tests 

As shown in Table 2, all participants in the RTO and PSEG RPM markets failed the TPS 
test.*i The result was that offer caps were applied to aU sell offers for Existing Generation 
Capacity Resources when the Capacity Market Seller did not pass the test, the submitted 
sell offer exceeded the defined offer cap, and tiie submitted sell offer, absent mitigation, 
would have increased the market clearing price. Market power mitigation was appUed 
to 39 Generation Capacity Resources, including 6,827.0 MW in tiie 2017/2018 RPM Base 
Residual Auction. All other offers were competitive. 

In applying the market structure test, the relevant supply for the RTO market includes 
all supply from generation resources offered at less than or equal to 150 percent of the 

'̂  Attachment A reviews why the MMU calculation of auction outcomes differs slightly from 
PJM's calculation of auction outcomes. 

41 See the 2013 State of the Market Report for PJM (March 13, 2014), Volume II, Section 2, "Energy 
Market," and the MMU Technical Rejerencefor PJM Marl^ts, at "Three Pivotal Supplier Test" 
for a more detailed discussion of market structure tests. 
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RTO cost-based clearing price.42 The relevant supply for the constrained LDA markets 
includes the incremental supply from generation resources inside the constrained LDAs 
which was offered at a price higher than the unconstrained clearing price for the parent 
LDA market and less than or equal to 150 percent of the cost-based clearing price for the 
constrained LDA. The relevant demand consists of the incremental MW needed in the 
LDA to relieve the constraint. 

Table 2 presents the results of the TPS test and the one pivotal supplier test. A 
generation owner or owners are pivotal if the capacity of the owners' generation 
facilities is needed to meet the demand for capacity. The results of the TPS are measured 
by the Residual Supply Index (RSL). The RSL is a general measure that can be used with 
any number of pivotal suppliers. The TPS test uses three pivotal suppliers. The subscript 
denotes the number of pivotal suppUers included in the test. If the RSL is less than or 
equal to 1.0, the supply owned by the specific generation owner, or owners, is needed to 
meet market demand and the generation owners are pivotal suppUers with a significant 
ability to influence market prices. If the RSL is greater tiian 1,0, the supply of the specific 
generation owner or owners is not needed to meet market demand and those generation 
owners have a reduced ability to unilaterally influence market price.43 

Table 2 RSI Results: 2017/2018 RPM Base Residual Auction^ 

Total Failed RSI3 

RSU Participants Participants 

RTO 

PSEG 

0.80 

0.00 

0.61 

0.00 

119 

1 
m 

1 

Offer Caps 
The defined Generation Capacity Resource owners were required to submit ACR or 
opportimity cost data to the MMU by 120 days prior to the 2017/2018 RPM Base 

42 Effective November 1, 2009, DR and EE resources are not included in the TPS test. See 129 
FERC 161,081 (2009) at P 31. 

43 The market definition used for the TPS test includes all offers with costs less than or equal to 
1.50 times the clearing price. The appropriate market definition to use for tiie one pivotal 
supplier test includes all offers with costs less than or equal to 1,05 times the clearing price. 
See the MMU Technical Reference for PJM Markets, at "Three Pivotal Supplier Test" for 
additional discussion. 

44 The RSI shown is the lowest RSI in the market. 
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Residual Auction.45 Market power mitigation measures are applied to Existing 
Generation Capacity Resources such that the seU offer is set equal to the defined offer 
cap when the Capacity Market Seller fails the market structure test for the auction, the 
submitted sell offer exceeds the defined offer cap, and the submitted sell offer, absent 
mitigation, would increase the market clearing price.4^ For RPM Base Residual Auctions, 
offer caps are defined as avoidable costs less PJM market revenues or opportunity costs. 

Avoidable costs are the costs that a generation owner would not incur if the generating 
unit did not operate for one year, in particular the Delivery Year.4'' In the calculation of 
avoidable costs, there is no presumption that the unit would retire as the alternative to 
operating, although that possibility could be reflected if the owner documented that 
retirement was the alternative. Avoidable costs may also include annual capital recovery 
associated with investments required to maintain a unit as a Generation Capacity 
Resource, termed Avoidable Project Investment Recovery (APIR). Avoidable cost based 
offer caps are defined to be net of revenues from all other PJM markets and urut-specific 
bilateral contracts. Capacity resource owners could provide ACR data by providing their 
own unit-specific data or by selecting the default ACR values. The specific components 
of avoidable costs are defined in the PJM Tariff. 48 

The opportunity cost option allows Capacity Market SeUers to input a documented price 
available in a market external to PJM, subject to export limits. If the relevant RPM 
market clears above the opportunity cost, the Generation Capacity Resource is sold in 
the RPM market. If the opportunity cost is greater than the clearing price and the 
Generation Capacity Resource does not clear in the RPM market, it is available to sell in 
the external market. 

The MMU calculated offer caps for 531 generation resources, of which 400 were based 
on the technology specific default (proxy) ACR values.49 No generation resources elected 

45 The deadline for data submission changed from two months prior to the auction to 120 days 
prior to the auction, effective December 17, 2012, by letter order in FERC Docket No. ER13-
149 (November 28,2012). 

46 OATT Attachment DD § 6.5. 

4̂  OATT Attachment DD § 6.8 (b). 

48 OATT Attachment DD § 6.8 (a). 

49 There were 31 generation resources that had uncapped planned uprates along with ACR 
based offer caps calculated for the existing portion. 
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to use the retirement ACR in the 2017/2018 BRA. The default ACR values for the 
2017/2018 Delivery Year were calculated by applying the applicable armual rate of 
change in the Handy-Whitman Index value to update the base values through 2013/2014 
for which data were available and applying the most recent ten year annual average rate 
of change in the Handy-Whitman Index to recalculate the default ACR values for 
2014/2015 tiirough 2016/2017 prior to estimating the default ACR values for the 
2017/2018 DeUvery Year.̂ o 

Unit-specific offer caps were calculated for 126 generation resources (10.5 percent) 
including 122 generation resources (10.0 percent) with an Avoidable Project Investment 
Recovery Rate (APIR) component and four generation resources (0.3 percent) without an 
APIR component. Owners submitted unit-specific cost data, the MMU calculated net 
revenue data for these units, and the MMU calculated the unit-spedfic offer caps based 
on that data. Of the 1,202 generation resources offered, five generation resources had 
opportunity cost based offer caps, 28 Planned Generation Capacity Resources had 
uncapped offers, 31 generation resources had uncapped planned uprates plus default 
ACR based offer caps calculated for the existing portion of the imits, six generation 
resources had uncapped plaimed uprates plus price taker status for the existing portion 
of the units, while the remaining 637 generation resources were price takers.^i 

As shown in Table 4, the weighted average gross ACR for imits with APIR ($413.87 per 
MW-day) and the weighted-average offer caps, net of net revenues, for units with APIR 
($256.02 per MW-day) increased from the 2016/2017 BRA values of $352.84 per MW-day 
and $180.23 per MW-day, due primarily to higher weighted average gross ACRs for 
combined cycle resources, combustion turbine resources, coal fired resources, and 
resources in the other category (diesel, pumped storage, hydro, and nuclear) and lower 
weighted-average net revenues. 

5° The default Avoidable Cost Rate (ACR) escalation method which had been recommended by 
the MMU was approved and became effective on February 5, 2013 for the 2016/2017 and 
subsequent Delivery Years. See 142 FERC % 61,092 (2013). 

51 Planned Generation Capacity Resources are subject to different market power mitigation 
rules than Existing Generation Capacity Resources. For RPM rules on mitigation, see OATT 
Attachment DD § 6.5 (a) (ii). For the definition of Planned Generation Capacity Resource, see 
"ReUability Assurance Agreement Among Load Serving Entities in the PJM Region", Section 
1.70. 
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The APIR component added an average of $217.84 per MW-day to the ACR value of the 
APIR units compared to $191.19 per MW-day in tiie 2016/2017 BRA.52 53 The highest 
APER for a technology ($281.82 per MW-day) was for coal fired resources. The maximum 
APIR effect ($863.76 per MW-day) is the maximum amount by which an offer cap was 
increased by APIR. 

Offer caps for units without an APIR component, including units for which the default 
value was selected, increased from $16.07 per MW-day to $36.87 per MW-day due 
primarily to lower weighted-average net revenues for units without an APIR 
component. 54 

Table 3 ACR statistics: 2017/2018 RPM Base Residual Auction 

Offer Cap/Mitigation Type 
Number of Generation Percent of Generation 

Resources Offered Resources Offered 

/̂ CR data input (APIR) 
ACRcFata inpUtinonAPIR) 
Opportunl^cost 

DefeultACRihd opportunity cost , • ' , -
Uncapped planned uprates and default ACR 
Uncap(}ed planned uprateVahd opportunity'c^^ 
Uncapped planned uprates and price taker 
Uncapp^B plaiined generation resource 

Existing generation resources as price takers 
TotaKjenerationCapacity Resources offered 

369 , . , • , ; • : : • : ^ o 

122 
>'4 -̂ "-.̂ y-""'. 

5 
...,,g...,,,,..,- -
31 

^ ^ 0 / r - - . • - , • • 

6 
•;28-,v^^=>:-;/^ 

637 

::i:- ;:..30.7% 

10.1% 

""^,:';""-7^8§% 

0.4% 
....,.., . . . , . . ^^ , 

2.6% 
• ^ • • - • ^ ^ • - • • : ! - 0 . b % 

0.5% 

• : • > ' • • : : ^ x - : 2 3 % 

53.0% 
1,202 100.0% 

52 The net revenue offset for an individual unit could exceed the corresponding ACR. In that 
case, the offer cap would be zero. 

53 The 122 resources which had an APIR component submitted $2.8 billion for capital projects 
associated with 27,528.8 MW of UCAP. 

54 The default ACR values include no APIR compared to $1.39 per MW-day in tiie 2016/2017 
BRA. 
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Table 4 APIR statistics: 2017/2018 RPM Base Residual Auction^s 56 57 

Weighted-Average ($ per MW-day UCAP) 

Non-APIR Mils " ;, 
ACR 
Net revenues ; " 
Olfercaps 

APIR units 

ACR 
Net revenues 
Ofercaps ^ 
APIR 

Maximum APIR effect 
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;^::--:;^-$12i!99. 
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$136,P6, 

$0 00 
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$95 80 
i 

Combustion 
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$9.90 

^.v,-i.,v$97^5.:s 

$iS 
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$55 48" 
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Steam 

$84;84 
•"•̂ r;-:x:$13.98?> 

$71.43 

, ?:5iilfe36;v: 
' $42 70 
sT l37 66 

$9223 

Coal Fired 

$18260 
^M^^116.61<^: 

$70.61 

'̂ "'igFls" 
^ ^ . | 3 f 9 6 l ^ 

$281 82 

Other 

$47.54 

;̂ -̂ ^̂ $̂i5®-̂ ^̂ -̂
$8.28 

/$J6377 -:5 
$12837 

Total 

$94.78 
^::^2i26 

$36^7 

' $13771 
•$:i602 
$217 84 

$863 76 

Generation Capacity Resource Changes 

As shown in Table 3, offers were submitted for 1,202 generation resources in the 

2017/2018 RPM Base Residual Auction compared to 1,199 generation resources offered 

in the 2016/2017 RPM Base Residual Auction, or a net increase of three generation 

resources. This was a result of 51 additional generation resources offered offset by 48 

fewer generation resources offered. 

The 51 additional generation resources offered consisted of 32 new resources (5,103.3 

MW), six repowered resources (941.6 MW), four resources that were excused and not 

offered in the 2016/2017 BRA (384.6 MW), tiiree additional resources imported (714.1 

55 The weighted-average offer cap can be positive even when the weighted-average net 
revenues are higher than the weighted-average ACR because the unit-specific offer caps are 
never less than zero. On a unit basis, if net revenues are greater than ACR the offer cap is 
zero. 

56 For reasons of confidentiality, the APIR statistics do not include opportunity cost based offer 
cap data. 

57 Effective for the 2017/2018 and subsequent Delivery Years, the ACR technology classes of 
waste coal small and large were eliiriinated and combined with subcritical and supercritical 
coal to form the Coal Fired ACR technology class. Waste coal resources were included in the 
other category in prior versions of this table. For the 2017/2018 BRA, waste coal resources 
were included in the coal fired category. 
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MW), three resources that were previously entirely FRR committed (164.0 MW), two 
additional resources resulting from the disaggregation of RPM resources, and one 
reactivated resource (84.1 MW).58 

The 32 new Generation Capacity Resources consisted of 15 solar resources (27.0 MW), 
nine diesel resources (122.5 MW), six combined cycle resources (4,825.4 MW), one CT 
resource (122.7 MW), and one hydro resource (^.7 MW). In addition, there were new 
generation resources that were not offered in to the auction because they were either 
exported or entirely conmiitted to FRR for the 2017/2018 Delivery Year: one wind 
resource (26.0 MW). 

The 48 fewer generation resources offered consisted of 21 external resources not offered 
(2,630.4 MW), 18 deactivated resources (3,018.7 MW), three Plarmed Generation 
Capacity Resources not offered (1,171.7 MW), three resources excused from offering for 
reasons other than retirement (554.9 MW), two additional resources committed fully to 
FRR (168.3MW), and one resource that is no longer a PJM capacity resource (1.7 MW). In 
addition, there were retirements of resources that were either exported, excused, or 
committed to an FRR capacity plan in tiie 2016/2017 BRA: 24 CT resources (964.4 MW) 
and 21 steam resources (2,716.2 MW). Table 5 shows Generation Capacity Resources for 
which deactivation requests have been submitted which affected supply between the 
2016/2017 BRA and tiie 2017/2018 BRA. 

5̂  Unless otherwise spedfied, all volumes and prices are in terms of UCAP. 
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Table 5 Generat ion Capacity Resource Deactivations 
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RTO Market Results 

Total Offers 

Table 6 shows total RTO offer data for the 2017/2018 RPM Base Residual Auction. All 

MW values stated in the RTO section include all nested LDAs.^^ ^ As shown in Table 8, 

total internal RTO unforced capacity (UCAP) decreased 7,225.8 MW (3.6 percent) from 

200,848.1 MW in tiie 2016/2017 RPM BRA to 193,622.3 MW.« 

When comparing UCAP MW levels from one auction to another, two variables, capacity 

modifications and EFORd changes, need to be considered. The net internal capacity 

5̂  Nested LDAs occur when a constrained LDA is a subset of a larger constrained LDA or the 

RTO. For example, MAAC and ATSI are nested in the RTO. 

^ Maps of the LDAs can be found in the 2013 State of the Market Report for PJM, Appendix A, 

"PIM Geography." 

'̂ The maximum capacity within a coupled Demand Resource group was included in the 

internal capacity values and capacity changes reported. 
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change attributable to capacity modifications can be determined by holding the EFORd 

level constant at the prior auction's level. The EFORd effect is the measure of the net 

internal capacity change attributable to EFORd changes and not capacity modifications. 

The 7,225.8 MW decrease in internal capacity was a result of net generation capacity 

modifications (cap mods) (-1,738.1 MW), net DR capacity changes (-3,472.4 MW), net EE 

modifications (158.9 MW), the EFORd effect due to higher sell offer EFORds (-2,167.1 

MW), and the DR and EE effect d u e to a lower Load Management UCAP conversion 

factor (-7.1 MW).« 

The net generation capacity modifications reflect new and reactivated generation, 

deactivations, and cap mods to existing generation. Total internal RTO unforced 

capacity includes all Generation Capacity Resources, Demand Resources, and Energy 

Efficiency Resources that qualified as PJM Capacity Resources for the 2017/2018 RPM 

Base Residual Auction, excluding external units, and also includes owners ' 

modifications to installed capacity (ICAP) ratings which are permitted under the PJM 

Reliability Assurance Agreement (RAA) and associated manua l s .^ The ICAP of a unit 

may only be reduced through a cap m o d if the capacity owner does not intend to restore 

the reduced capability by the end of the planning period following the planning period 

in question.^ Otherwise the owner mus t take an outage, as appropriate, if the owner 

cannot provide energy consistent with the ICAP of the unit. Capacity, DR plan changes, 

and EE plan changes were the result of owner reevaluation of the capabtiities of their 

generation, DR and EE, at least partially in response to the incentives and penalties 

contained in RPM. 

62 The UCAP value of a load management product is equal to the ICAP value multiplied by the 
Demand Resource (DR) Factor and the Forecast Pool Requirement (FPR). For the 2016/2017 
BRA, this conversion factor was 0.955*1.0902 = 1.0411. For tiie 2017/2018 BRA, this factor was 
.953*1.0916 = 1.0403. The DR Factor is designed to reflect the difference in losses that occur on 
the distribution system between the meter where demand is measured and the transmission 
system. The FPR multipKer is designed to recognize the fact that when demand is reduced by 
one MW, the system does not need to procure that MW or the associated reserve. See 
"Reliability Assurance Agreement Among Load Serving Entities in the PJM Region", 
Schedule 6, Section B. See also PJM. "Manual 20; PJM Resource Adequacy Analysis," 
Revision 05 (February 1,2013), p. 13-15. 

63 See "Reliability Assurance Agreement Among Load Serving Entities in the PJM Region," 
Schedule 9. 

64 PJM. "Manual 21: Rules and Procedures for Determination of Generating Capability," 

Revision 11 (March 5,2014), p . 11. The manual states "the end of the next Delivery Year." 
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After accounting for FRR committed resources and for imports, total RPM capacity was 

184,616.0 MW compared to 194,324.1 M W in the 2016/2017 RPM Base Residual 

Auction.^ FRR volumes increased by 395.6 MW, and imports decreased by 2,086.7 MW. 

Of the 5,854.8 MW of imports, 910.1 MW were committed to an FRR capacity plan and 

4,944.7 MW were offered in the auction, of which 4,525.5 MW cleared. Of the cleared 

imports, 2,624.3 MW (58.0 percent) were from MISO. RPM capacity was reduced by 

exports of 1,194.5 MW, a decrease of 17.1 M W from tiie 2016/2017 RPM Base Residual 

Auction. Of total exports, 651.5 MW (54.5 percent) were to the NYISO and 543.0 MW 

(45.5 percent) were to MISO. 

In addition, RPM capacity was reduced by 715.1 MW of Planned Generation Capacity 

Resources which were not subject to the RPM must offer requirement and by 1,939.1 

MW which were excused from the RPM mus t offer requirement, a decrease of 1,681.5 

MW from the 2016/2017 RPM Base Residual Auction. The excused Existing Generation 

Capacity Resources were the result of plans for retirement (1,387.9 MW), significant 

physical operational restrictions (22.0 MW), and the resource being considered existing 

for purposes of the RPM must offer requirement and mitigation only because it cleared 

an RPM Auction in a prior delivery year bu t is unable to achieve full commercial 

operation prior to the deUvery year (529.2 MW).^ Subtracting 838.0 MW of FRR optional 

volumes not offered, a decrease of 1,387.4 M W from the 2016/2017 RPM Base Residual 

Auction, and 1,090.8 MW of DR and EE not offered, resulted in 178,838.5 M W tiiat were 

available to be offered in the RPM Auction, a decrease of 5,541.5 MW from the 2016/2017 

RPM Base Residual Auction.^^ ^ After accounting for the above, 0.0 M W were not 

offered in the RPM Auction. 

^ The FRR alternative allows a load serving entity (LSE), subject to certain conditions, to avoid 
direct participation in the RPM Auctions. The LSE is required to submit an FRR capacity plan 
to satisfy the unforced capacity obligation for all load in its service area. 

^̂  See OATT Attachment M-Appendix § n.C.4 for the reasons to qualify for an exception to the 
RPM must offer requirement. 

"̂̂  FRR entities are allowed to offer in the RPM Auction excess volumes above their FRR 
quantities, subject to a sales cap amount. The 838.0 MW are a combination of excess volumes 
included in the sales cap amount which were not offered in the auction and volumes above 
the sales cap amount which were not permitted to offer in the auction. 

68 Unoffered DR and EE MW include PJM approved DR plans and EE modifications that were 

not offered in the auction. 
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Offered MW decreased 5,541.5 MW from 184,380.0 MW to 178,838.5 MW, while the 
overall RTO Reliability Requirement adjusted for FRR obligations, from which the 
demand curve is developed, decreased 1,120.4 MW from 166,127.5 MW to 165,007.1 
MW.^^ The RTO Reliability Requirement adjusted for FRR obligations is calculated as the 
RTO forecast peak load times the Forecast Pool Requirement (FPR), less FRR UCAP 
obligations. The FPR is calculated as (1+Installed Reserve Margin) times (l~Pool Wide 
Average EFORd), where the Installed Reserve Margin (IRM) is the level of installed 
capacity needed to maintain an acceptable level of reliability.™ The 1,120.4 MW decrease 
in the RTO Reliability Requirement adjusted for FRR obligations from the 2016/2017 
RPM Base Residual Auction was a result of a 787.1 MW decrease in the RTO Reliability 
Requirement not adjusted for FRR and a 333.3 MW increase in the FRR obligation, 
shifting the RTO market demand curve to the left. The forecast peak load expressed in 
terms of installed capacity decreased 933.2 MW from the 2016/2017 RPM Base Residual 
Auction to 164,478.8 MW. The 787.1 MW decrease in tiie RTO Reliability Requirement 
was a result of a 1,017.4 MW decrease in the forecast peak load in UCAP terms holding 
the FPR constant at tiie 2016/2017 level offset by a 230.3 MW increase attributable to the 
change in the FPR. 

Demand Resource Constraints 

Effective for the 2017/2018 Delivery Year, the Minimum Annual and Extended Summer 
Resource Requirements were replaced by Linuted and Sub-Annual Resource 
Constraints. The Limited Resource Constraint limits the quantity of Limited DR that can 
be procured, and the Sub-Annual Constraint limits the quantity of Limited DR and 
Extended Sunimer DR that can be procured. Under the prior rules, the quantity of 
Limited DR and Extended Summer DR were not capped in this way. Under the prior 
rules, if the Minimum Armual Resource Requirement were a binding constraint, the 
Extended Sunimer and Limited DR products could ftil in the balance of capacity needed 
to meet the VRR curve. These modifications reduced the impact of Limited and 
Extended Summer DR on market outcomes. 

The Limited Resource Constraint was a binding constraint for the RTO in the 2017/2018 
BRA. As shown in Figure 1, the resource clearing price for Armual and Extended 
Summer Resources for the RTO was $120.00 per MW-day. 

*̂  The maximum capacity within a coupled Demand Resource group was included in the 
offered capacity values reported. 

™ PJM. "Reliability Assurance Agreement Among Load Serving Entities in the PJM Region," 
Schedule 4.1. 
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Clearing Results 

The Net Load Price that load serving entities (LSEs) will pay is equal to the Final Zonal 
Capacity Price less the final Capacity Transfer Rights (CTR) credit rate.^^ As shown in 
Table 6, tiie preliminary Net Load Price is $119.81 per MW-day in tiie RTO. 

As shown in Table 6, the cleared and make-whole MW of 167,068.9 for the entire RTO, 
which represented a reserve margin of 20.1 percent not considering FRR load, resulted 
in net excess of 6,187.0 MW over the reUability requirement of 165,007.1 MW (Installed 
Reserve Margin (IRM) of 15.7 percent). ^ ^̂  jvjĝ  excess decreased 998.4 MW from the net 
excess of 7,815.4 MW in the 2016/2017 RPM Base Residual Auction. As shown in Figure 
1, the downward sloping VRR demand curve resulted in a clearing price for Extended 
Summer and Annual Resources of $120.00 per MW-day. 

If the market clears on a nonflexible supply segment, a sell offer tiiat specifies a 
minimum block MW value greater than zero, the Capacity Market Seller will be 
assigned make-whole MW equal to the difference between the sell offer minimum block 
MW and the sell offer cleared MW quantity if that solution to the market clearing 
minimizes the cost of satisfying the reliability requirements across the PJM region.^^ The 
make-whole payment for partially cleared resources equals the make-whole MW times 
tiie clearing price. A more efficient solution could include not selecting a nonflexible 
segment from a lower priced offer and accepting a higher priced sell offer tiiat does not 
include a minimum block MW requirement.^^ The market results in the 2017/2018 BRA 
included make-whole MW and payments resulting from partially cleared resources. 
Make-whole MW and payments can also occur for resources electing the New Entry 

" Effective with the 2012/2013 Delivery Year, Final Zonal Capacity Prices and the final CTR 
credit rate are determined after the final Incremental Auction. 

"̂  Prior to the 2012/2013 Delivery Year, net excess under RPM was calculated as cleared 
capacity plus make-whole MW less the reliability requirement plus ILR. For the 2012/2013 
Delivery Year and beyond, net excess under RPM is calculated as cleared capacity plus make-
whole MW less the reliability requirement plus the Short-Term Resource Procurement 
Target. 

" The IRM increased from 15.6 percent in the 2016/2017 RPM Base Residual Auction to 15.7 
percent in the 2017/2018 RPM Base Residual Auction. 

7̂  OATT Attachment DD § 5.14 (b). 

" OATT Attachment DD § 5.12 (a). 
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Price Adjustment (NEPA) or Multi-Year Pricing Option.^^ '̂  In the two subsequent BRAs, 
if a qualifying resource does not clear, the process specified in the Tariff is triggered, and 
the resource is awarded a make-whole payment.™ The market results in the 2017/2018 
BRA did not include make-whole MW or pa3mients related to NEPA or Multi-Year 
Pricing Option. 

Table 9 shows cleared MW by zone and fuel source. Of the 166,204.8 MW offered for 
generation resources, 154,690.0 MW cleared (93.1 percent). Of the 167,003.7 cleared MW 
in the entire RTO, 26,142.8 MW (15.7 percent) cleared in Dominion, followed by 22,551.0 
MW (13.5 percent) in ComEd and 15,880.0 MW (9.5 percent) in AEP. Of tiie 154,690.0 
cleared MW for generation resources in the entire RTO, 62,694.4 MW (40.5 percent) were 
gas resources, followed by 47,442.8 MW (30.7 percent) from coal resources and 26,401.0 
MW (17.1 percent) from nuclear resources. 

The 11,769.6 MW uncleared MW in the entire RTO were the result of offer prices which 
exceeded the clearing prices. Of the 11,769.6 uncleared MW in the entire RTO, 1.1 MW 
were EE offers, 318.7 MW were DR offers, and the remaiiting 11,449.8 MW were 
generation offers. Table 10 presents details on the generation offers tiiat did not clear. Of 
the 11,449.8 MW of uncleared generation offers, 4,872.3 MW (42.6 percent) were for 
generation resources greater than 40 years old, and 6,577.5 MW (57.4 percent) were for 
generation resources less than or equal to 40 years old. Of the 11,449.8 MW of uncleared 
offers for generation resources, 4,245.6 MW were offers for resources including costs 
associated with environmental regulation compliance that were not previously included 
in APIR. 

Table 11 shows the auction results for the prior two Delivery Years for the generation 
resources that did not clear some or all MW in the 2017/2018 BRA. Of the 47 generation 
resources tiiat did not clear 11,449.8 MW in the 2017/2018 BRA, 12 of those generation 
resources did not clear 2,957.3 MW in RPM Auctions for tiie 2016/2017 DeUvery Year. Of 
those 12 generation resources that did not clear MW in RPM Auctions for the 2017/2018 
and 2016/2017 DeUvery Years, five of those generation resources did not clear 854.0 MW 
in RPM Auctions for the 2015/2016 Delivery Year. Thus, 2,957.3 MW of capacity did not 
clear in two sequential auctions, but only 854.0 MW did not clear in three sequential 
auctions. 

™ OATT Attachment DD g 5.14 (c) (2). 

^ OATT Attachment DD § 6.8 (a). 

™ OATT Attachment DD § 5.14 (c) (2) (ii). 
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Constraints in RPM Markets: CETO/CETL 

Since the ability to impor t energy and capacity in LDAs may be limited by the existing 

transmission capability, a load deliverabtiity analysis is conducted for each LDA.^^ The 

first step in this process is to determine the transmission import requirement in to an 

LDA, caUed the Capacity Emergency Transfer Objective (CETO). This value, expressed 

in Unforced megawatts , is the transmission import capability required for each LDA to 

meet the area reliability criterion of loss of load expectation of one occurrence in 25 years 

when the LDA is experiencing a localized capacity emergency. 

The second step is to determine the transmission import limit for an LDA, called the 

Capacity Emergency Transfer Limit (CETL), which is also expressed in unforced 

megawatts. The CETL is the ability of the transmission system to deliver energy into the 

LDA when it is experiencing the localized capacity emergency used in the CETO 

calculation. 

If CETL is less than CETO, tiansmission upgrades are planned under the Regional 

Transmission Expansion Planning (RTEP) Process. However, if tiansmission upgrades 

cannot be built prior to a delivery year to increase the CETL value, locational consttaints 

could result under RPM, causing locational price differences.^ 

Under the Tariff, PJM determines, in advance of each BRA, whether defined Locational 

DeUverability Areas (LDAs) will be modeled hi the auction. Effective with the 2012/2013 

Delivery Year, an LDA will be modeled as a potentially constrained LDA for a delivery 

year if the Capacity Emergency Transfer Limit (CETL) is less than 1.15 times the 

Capacity Emergency Transfer Objective (CETO), such LDA had a locational price adder 

in One or more of the three immediately preceding BRAs, or such LDA is determined by 

PJM in a preUminary analysis to be likely to have a locational price adder based on 

historic offer price levels. The rules also provide that starting with the 2012/2013 

Delivery Year, EMAAC, SWMAAC, and MAAC LDAs will be modeled as potentially 

constrained LDAs regardless of the results of the above three tests. ̂ ^ In addition, PJM 

may establish a constrained LDA even if it does not qualify under the above tests if PJM 

™ PJM. "Manual 14B: PJM Region Transmission Planning Process, Attachment C: PJM 
DeliverabiUty Testing Methods," Revision 27 (April 23, 2014), p. 57. Manual 14B indicates 
that all "electrically cohesive load areas" are tested. 

^ PJM. "Manual 18: PJM Capacity Market," Revision 23 (June 1,2014), p. 10. 

^̂  Prior to the 2012/2013 DeUvery Year, an LDA with a CETL less than 1.05 times CETO was 
modeled as a constrained LDA in RPM. No additional criteria were used in determining 
modeled LDAs. 
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finds tiiat "such is required to achieve an acceptable level of reliability. "̂ ^ A reliability 
requirement, a Variable Resource Requirement (VRR) curve, a Minimum Armual 
Resource Requirement, and a Minimum Extended Summer Resource Requirement are 
established for each modeled LDA. 

Table 12 shows tiie CETL and CETO values used in the 2017/2018 stiidy compared to tiie 
2016/2017 values. The ComEd, BGE, and PPL LDAs were modeled for the first time in 
the 2017/2018 BRA. None of the CETL values for previously modeled LDAs changed 
signiflcantiy with the exception of Pepco. The Pepco CETL decreased due to expected 
generation deactivations. 

The Price Impacts of Constraints in the RPM Market 

As is the case in locational energy markets, transmission constraints in the PJM capacity 
markets affect dearing prices both by increasing prices in constrained areas and 
decreasing prices in unconstrained areas. Conversely, removing constraints reduces 
prices in constrained areas and increases prices in unconstrained areas. The impact on 
total market revenues depends on the relative sizes of the various markets as well as the 
shapes of the supply and demand curves in the various markets. 

There was one locationally binding constraint in the 2017/2018 BRA which resulted in 
demand clearing in a locationally constrained LDA which did not clear in the RTO 
market. The result was to shift the demand curve in the RTO market to the left along tiie 
upwardly sloping supply curve and to reduce the price in the RTO market. The price 
impact is the result both of the size of the shift of the demand curve and the slope of the 
supply curve. The larger the shift in the demand curve and the steeper the slope of the 
supply curve, tiie greater the price impact. 

Nested LDAs occur when a constrained LDA is a subset of a larger constrained LDA or 
the RTO. The supply and demand curves for nested LDAs can be presented in two 
different ways to illusttate the market clearing dynamic. The supply curves in the 
graphs in this report, unless otherwise noted, show the total internal supply of the LDA, 
including aU nested LDAs and not including CETL MW. The demand curve is reduced 
by the CETL and by the MW that cleared incrementally in the constrained, nested LDAs. 

Composition of the Steeply Sloped Portion of the Supply Curve 

Table 13 shows the composition of the offers on the steeply sloped portion of the total 
RTO supply curve from $35.00 per MW-day up to and including the highest offer of 

82 OATT Attachment DD § 5.10 (a) (U). 
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$821.29 per MW-day. Offers for DR and EE resources were 13.1 percent of the offers 

greater than $35.00 per MW-day. Offers for coal fired units made up 44.6 percent of the 

offers greater than $35.00 per MW-day. 

Short-Term Resource Procurement Target (2.5 Percent Shift in 
Demand Curve) 

Effective for the 2012/2013 Delivery Year, ILR was eliminated. Prior to that, PJM 

subtracted the ILR forecast from the reUability requirement. Under the current rules, 

application of the Short-Term Resource Procurement Target means that 2.5 percent of 

the reliabiUty requirement is removed from the demand curve (VRR curve). The stated 

rationale is that this provides for short lead time resource procurement in Incremental 

Auctions for the given deUvery year. For the 2017/2018 BRA, the 2.5 percent reduction 

resulted in the removal of 4,125.2 MW from the RTO demand curve. For comparison 

purposes, in the 2011/2012 BRA, removal of the ILR forecast from the reliabiUty 

requirement resulted in a reduction in demand of 1,593.8 MW, or 1.2 percent of the 

reliability requirement of 130,658.7 MW. ^ 

Table 14 shows the results if the VRR curves had no t been reduced by the Short-Term 

Resource Procurement Target and everything else had remained the same. All binding 

consttaints wou ld have remained the same. The RTO clearing price for Limited 

Resources wou ld have increased to $145.02 per MW-day, and the clearing quantity 

would have stayed the same at 2,322.1 MW. The RTO clearing price for Extended 

Summer and Annual Resources would have increased to $157.80 per MW-day, and the 

clearing quantity would have increased to 168,040.4 MW. The PSEG clearing price for 

Limited Resources would have increased to $207.22 per MW-day, and the clearing 

quantity wou ld have decreased slightiy to 175.4 MW. The PSEG clearing price for 

Extended Summer and Annual Resources would have increased to $220.00 per MW-day, 

and the clearing quantity would have increased to 6,213.7 MW. The PPL clearing price 

for Limited Resources would have increased to $75.00 per MW-day, and the clearing 

quantity w o u l d have increased to 63.4 MW. The PPL clearing price for Extended 

Summer Resources would have increased to $87.78 per MW-day, and the clearing 

quantity w o u l d have decreased to 161.6 MW. The PPL clearing price for Annual 

Resources wou ld have increased to $157.80 per MW-day, and the clearing quantity 

would have mcreased to 10,421.5 MW. 

^ These results were also reported in: The 2017/2018 RPM Base Residual Auction: Sensitivity 
Analyses Revised, Monitoring Analytics, LLC (August 26, 2014) 
<http://www.monitoringanalytics.com/reports/Reports/2014/lMM_20172018_RPM_BRA_Sen 
sitivity_Analyses_Revised_20140826.pdf> 
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The conclusion is that the removal of 2.5 percent of demand significantly reduced the 
clearing prices and quantities for all the RPM LDA markets. The clearing quantities of 
Annual Resources, including generation and Armual DR, were reduced as a result of the 
2.5 percent demand reduction. 

Based on actual auction clearing prices and quantities and make-whole MW, total RPM 
market revenues for the 2017/2018 RPM Base Residual Auction were $7,512,229,630. If 
the VRR curves had not been reduced by the Short-Term Resource Procurement Target 
and everything else had remained the same, total RPM market revenues for the 
2017/2018 RPM Base Residual Auction would have been $9,947,329,539, an increase of 
$2,435,099,909, or 32.4 percent, compared to the actual results. From another perspective, 
the use of the Short-Term Resource Procurement Target resulted in a 24.5 percent 
reduction in RPM revenues for the 2017/2018 Base Residual Auction compared to what 
RPM revenues would have been without the 2.5 percent reduction in demand. 

Table 15 shows the results if the VRR curves and Demand Resource Consttaints had not 
been reduced by the Short-Term Resource Procurement Target and everything else had 
remained the same. All binding consttaints would have remained the same, except that 
the RTO Limited Resource Constraint would not have been binding, and the PPL Sub-
Annual Resource Consttaint would not have been binding. The RTO clearing price for 
Limited, Extended Summer, and Armual Resources would have increased to $157.80 per 
MW-day, and the clearing quantity would have increased to 170,362.5 MW. The PSEG 
clearing price for Limited, Extended Summer, and Aimual Resources would have 
increased to $220.00 per MW-day, and the clearing quantity would have increased to 
6,389.1 MW. The PPL clearing price for Limited, Extended Sumnier, and Annual 
Resources would have increased to $157.80 per MW-day, and tiie clearing quantity 
would have increased to 10,714.4 MW. 

Based on actual auction clearing prices and quantities and make-whole MW, total RPM 
market revenues for the 2017/2018 RPM Base Residual Auction were $7,512,229,630. If 
the VRR curves and Demand Resource Constraints had not been reduced by the Short-
Term Resource Procurement Target, total RPM market revenues for the 2017/2018 RPM 
Base Residual Auction would have been $9,967,834,187, an increase of $2,455,604,557, or 
32.7 percent, compared to the actual results. From another perspective, the use of the 
Short-Term Resource Procurement Target resulted in a 24.6 percent reduction in RPM 
revenues for the 2017/2018 Base Residual Auction compared to what RPM revenues 
would have been without the 2.5 percent reduction of demand. 
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The MMU recommends that the use of the 2.5 percent demand adjustment be 
terminated immediately.^ The 2.5 percent demand reduction inefficiently suppresses 
clearing prices and is a barrier to entry in the capacity market for both new generation 
capacity and new DR capacity. The logic of reducing demand in a market design that 
looks three years forward, to permit other resources to clear in Incremental Auctions, is 
not supportable and has no basis in economics. There are ttadeoffs in using a one year 
forward or a three year forward design, but the design should be implemented on a 
consistent basis. Removing a portion of demand affects prices at tiie margin, which is 
where the critical signal to the market is determined. The proposal to eUminate the Short 
Term Resource Procurement Target is not counter to the interests of DR. Most DR clears 
in the BRA where prices have been substantially higher than in the Incremental 
Auctions. Price suppression is a barrier to the entty of new Demand Resources in exactiy 
the same way that it is a barrier to the entty of new generation resources. In the 
2017/2018 BRA, tiie result of reducing demand by 2.5 percent was to reduce prices in the 
eastern part of PJM and to reduce the quantity of capacity purchased in the eastern part 
of PJM. The result was also to significantiy reduce the clearing price for the RTO market 
and reducing total payments to capacity by a significant amount. The 2.5 percent offset 
was added to permit DR to clear in Incremental Auctions. It was not added to counter 
persistent forecast errors. Forecast errors should be addressed directiy and explicitly for 
all PJM forecasts. It is essential that PJM use the same forecasts for capacity markets and 
for ttansmission planning to ensure the long term consistency of RTEP and RPM. To 
effectively use a lower forecast for capacity in RPM by reducing demand by an arbitrary 
2.5 percent would result in biasing the overall market results in favor of ttansmission 
rather than generation solutions to reliability issues. 

Demand Side Resources in RPM 

There are two categories of demand side products included in the RPM market design 
for tiie 2017/2018 BRAr̂ s 86 

^ See also the Protest of the Independent Market Monitor for PJM, Docket No. ER12-513 (December 
22,2011). 

^ Effective June 1, 2007, the PJM Active Load Management (ALM) program was replaced hy 
the PJM Load Management (LM) program. Under ALM, providers had received a MW credit 
which offset their capacity obligation. With the introduction of LM, quaUfying load 
management resources can be offered in RPM Auctions as capacity resources and receive the 
clearing price. 
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• Demand Resources (DR). Interruptible load resource that is offered in an RPM 
Auction as capacity and receives the relevant LDA or RTO resource clearing price. 

• Energy Efficiency (EE) Resources. Load resources that are ottered in an RPM 
Auction as capacity and receive the relevant LDA or RTO resource clearing price. An 
EE Resource is a project designed to achieve a continuous (during peak periods) 
reduction in electtic energy consumption during peak periods that is not reflected in 
the peak load forecast for the delivery year for which the Energy Efficiency Resource 
is proposed, and that is fully implemented at all times during the relevant delivery 
year, without any requirement of notice, dispatch, or operator intervention.^^ The 
peak period definition for the EE Resource type is even more limited than Limited 
DR, including only the period from the hour ending 1500 and the hour ending 1800 
from June through August, excluding weekends and federal holidays. The EE 
Resource type was eligible to be offered in RPM Auctions starting with the 2012/2013 
Delivery Year and in Incremental Auctions in the 2011/2012 Delivery Year.^ 

Effective with the 2014/2015 Delivery Year, there are three types of Demand Resource 
products included in the RPM market design:^ ̂ o 

• Annual DR. Demand Resource that is required to be available on any day in the 
relevant delivery year for an unlimited number of interruptions. Armual DR is 
required to be capable of maintaining each interruption for only ten hours only 
during the hours of 10:00 a.m. to 10:00 p.m. EPT for the period May through October 
and 6:00 a.m. to 9:00 p.m. EPT for the period November through April. 

• Extended Summer DR. Demand Resource that is required to be available on any 
day from June through October and the following May in the relevant delivery year 

ŝ  Intermptible load for reUabiUty (ILR) is an intermptible load resource that is not offered into 
the RPM Auction, but receives the final zonal ILR price determined after the Second 
Incremental Auction. The ILR product was eliminated as of the 2012/2013 DeUvery Year. 

^̂  "ReliabiUty Assurance Agreement Among Load Serving Entities in the PJM Region," 
Schedule 6, Section M. 

8s Letter Order in Docket No. ERlO-366-000 (January 22,2010). 

89 134 FERC 1 61,066 (2011). 

°̂ "ReliabiUty Assurance Agreement Among Load Serving Entities in the PJM Region," Article 
1. <http: //www .pjm. com/"/media/documents/agreements/r a a. ashx> 
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for an unlimited number of interruptions. Extended Sumnier DR is required to be 
capable of maintaining each interruption for only ten hours only during the hours of 
10:00 a.m. to 10:00 p.m. EPT. 

• Limited DR. Demand Resource that is required to be available on weekdays not 
including NERC hoUdays during the period of June through September in the 
relevant delivery year for up to 10 interruptions. Limited DR is required to be 
capable of maintaining each interruption for only six hours only during the hours of 
12:00 p.in. to 8:00 p.m. EPT. 

Table 16 shows offered and cleared capacity from Demand Resources and Energy 
Efficiency Resources m the 2017/2018 RPM Base Residual Auction compared to the 
2016/2017 RPM Base Residual Auction. Offers for DR decreased from 14,507.2 MW in the 
2016/2017 BRA to 11,293.7 MW in the 2017/2018 BRA, a decrease of 3,213.5 or 22.2 
percent. 

Table 17 shows offered and cleared MW for Demand Resources by LDA and 
offer/product type in tiie 2017/2018 RPM Base Residual Auction. Of the 3,297.2 MW of 
non-coupled DR offers, 1,015.8 MW were for the Limited DR product. Of the possible 
DR coupling scenarios, the most frequentiy used was the Aimual, Extended Summer, 
and Limited DR coupling group, with from 3,000 to 5,500 MW of DR offered this way. 
The fact that most offers were coupled provides evidence that suppliers are willing to 
offer a DR product that is more comparable to generation resources in that it does not 
have such significant limitations on avaUabUity and that they will offer it at a higher 
price, reflecting the fact that such a product has higher costs. 

Table 18 shows the weighted average prices for DR by LDA and offer/product type. As 
would be expected, given their relative values, for the coupled DR offers, the offers for 
Annual DR were greater than the offers for Extended Summer DR which were greater 
than the offers for Limited DR. In addition, the Capacity Market Seller must specify a 
sell offer price of at least $0.01 per MW-day more for the less Umited DR product type 
within a coupled segment group. 

In the absence of data on the marginal cost of providing DR and EE, it is difficult to 
determine whether such resources are offered at levels equal to, greater than or less than 
marginal cost. If such resources are offered at prices in excess of marginal cost, the result 
would be prices greater than competitive levels. If such resources are ottered at prices 
less tiian marginal cost, the result would be prices less than competitive levels. Both 
potential outcomes are of significant concern. The RPM rules exempt DR and EE 
resources from market power mitigation. 
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Impact of Limited and Extended Summer DR Product Types 

Effective for the 2014/2015 Delivery Year, the RPM market design incorporates Annual 
and Extended Summer DR product types, in addition to the previously estabUshed 
Limited DR product type. Each DR product type is subject to a defined period of 
availability, maximum number of interruptions, and maximum duration of 
interruptions. The Limited DR and the Extended Sunimer DR product types are both 
inferior to Generation Capacity Resources, because the obligation to deliver associated 
witii both product types is inferior to the obligation to deliver associated with 
Generation Capacity Resources. Generation resources are obUgated to provide capacity 
every hour of the year if called. 

Table 19 shows the results if only generation. Annual DR, and Energy Efficiency (EE) 
resources were offered in the 2017/2018 RPM Base Residual Auction and everything else 
had remained the same. All offers for Extended Summer and Limited DR products, 
including those within coupled DR offers, were excluded from supply. All offers for 
Annual DR were included in supply, including those in non-coupled and coupled DR 
offers. All import limit binding consttaints would have remained tiie same. The RTO 
clearing price would have increased to $157.80 per MW-day, and the clearing quantity 
would have decreased to 166,237.1 MW. The PSEG clearing price would have increased 
to $220.00 per MW-day, and the clearing quantity would have decreased to 6,103.4 MW. 
The PPL clearing price would have increased to $157.80 per MW-day, and the clearing 
quantity would have increased to 10,543.8 MW. 

Based on actual auction clearing prices and quantities and make-whole MW, total RPM 
market revenues for the 2017/2018 RPM Base Residual Auction were $7,512,229,630. If 
only generation. Annual DR, and EE were offered in the 2017/2018 RPM Base Residual 
Auction and everytiiing else had remained the same, total RPM market revenues for tiie 
2017/2018 RPM Base Residual Auction would have been $9,738,222,922, an increase of 
$2,225,993,292, or 29.6 percent, compared to the actual results. From another perspective, 
the inclusion of the Limited and Extended Summer DR products resulted in a 22.9 
percent reduction ui RPM revenues for the 2017/2018 Base Residual Auction compared 
to what RPM revenues would have been without the Limited and Extended Summer DR 
products. 

While competition from demand side resources improves the functioning of the market, 
that is not the result if the demand side resources are not comparable to other capacity 
resources. The purpose of demand side participation in RPM is to provide a mechanism 
for end-use customers to avoid paying the capacity market clearing price in return for 
agreeing to not use capacity when it is needed by customers who have paid for capacity. 
The fact that customers providing Limited DR only have to agree to interrupt ten times 
per year for a maximum of six hours per interruption represents a flaw in tiie design of 
the program. There is no reason to believe that the customers who pay for capacity will 
need the capacity used by participating LM customers only ten times per year or a 
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maximum of 60 hours per year or only during defined summer hours. In fact, it can be 
expected that the probability of needing that capacity will mcrease with the amount of 
MW that participating LM customers clear in the RPM Auctions. This limitation means 
that the demand side resources sold in the RPM Auctions are of less value than 
generation capacity. As a result, demand side resources could make lower offers than 
they would if they offered a comparable resource. 

Given the significant impact of demand side resources on the RPM market outcomes, 
the MMU recommends that the definition of demand side resources be modified in 
order to ensure that such resources provide the same value in the capacity market as 
generation resources. Both the Limited and the Extended Summer DR products should 
be eliminated in order to ensure that the DR product has the same unlimited obligation 
to provide capacity year round as Generation Capacity Resources. As an example, if a 
single demand side site could not interrupt more than ten times per year, a Curtailment 
Service Provider (CSP) could bundle multiple demand sites to provide unUmited 
interruptions. The cost of providing bundled sites would be expected to be greater tiian 
a single site and the offer price of such resources would also be expected to be greater. In 
addition, the definition of the Annual DR product should be modified to eliminate all 
limitations on its obligation to perform. Such modifications would help ensure that 
demand side resources conttibute to the competitiveness of capacity markets ratiier than 
suppressing the price below the competitive level. 

Impact of Short-Term Resource Procurement Target and Limited and 
Extended Summer DR Product Types 
Table 20 shows the results if the VRR curves had not been reduced by the Short-Term 
Resource Procurement Target and only generation. Annual DR, and EE were offered in 
the 2017/2018 RPM Base Residual Auction and everything else had remained the same. 
All import Umit binding consttaints would have remained the same. The RTO clearing 
price would have increased to $173.76 per MW-day, and the clearing quantity would 
have hicreased to 170,037.8 MW. The PSEG clearing price would have increased to 
$225.00 per MW-day, and the clearing quantity would have increased to 6,381.6 MW. 
The PPL clearing price would have increased to $173.76 per MW-day, and the clearing 
quantity would have Uicreased to 10,546.7 MW. 

Based on actual auction clearing prices and quantities and make-whole MW, total RPM 
market revenues for the 2017/2018 RPM Base Residual Auction were $7,512,229,630. If 
the VRR curves had not been reduced by the Short-Term Resource Procurement Target 
and only generation. Annual DR, and EE were offered in the 2017/2018 RPM Base 
Residual Auction and everything else had remained the same, total RPM market 
revenues for the 2017/2018 RPM Base Residual Auction would have been 
$10,932,522,889, an increase of $3,420,293,259, or 45.5 percent, compared to the actual 
results. From another perspective, the use of the Short-Term Resource Procurement 
Target together with the inclusion of the Limited and Extended Summer DR products 
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resulted in a 31.3 percent reduction m RPM revenues for the 2017/2018 RPM Base 
Residual Auction compared to what RPM revenues would have been without the Short-
Term Resource Procurement Target or the Limited and Extended Summer DR products. 

Impact of All DR 

Table 21 shows tiie results if tiiere were no offers for DR or EE in the 2017/2018 RPM 
Base Residual Auction and everything else had remained the same. The PSEG import 
limit would not have been binding. The RTO clearing price would have increased to 
$282.16 per MW-day, and the clearing quantity would have decreased to 163,713.2 MW. 
The PSEG clearing price would have increased to $282.16 per MW-day, and the clearing 
quantity would have increased to 6,177.1 MW. The PPL clearmg price would have 
increased to $282.16 per MW-day, and the clearing quantity would have increased to 
9,879.3 MW. 

Based on actual auction clearing prices and quantities and make-whole MW, total RPM 
market revenues for tiie 2017/2018 RPM Base Residual Auction were $7,512,229,630. If 
there were no offers for DR or EE in tiie 2017/2018 RPM Base Residual Auction and 
everything else had remained the same, total RPM market revenues for the 2017/2018 
RPM Base Residual Auction would have been $16,859,658,203, an increase of 
$9,347,428,573, or 124.4 percent, compared to the actual results. From another 
perspective, the inclusion of Demand Resources and Energy Efficiency resources 
resulted in a 55.4 percent reduction in RPM revenues for the 2017/2018 RPM Base 
Residual Auction compared to what RPM revenues would have been without any 
Demand Resources or Energy Efficiency resources. 

These impacts combine the impact of Annual DR with the price suppressing impacts of 
the Limited and Extended Summer DR products. 

Impact of Annual DR 

The inclusion of sell offers for Annual DR and EE had a significant impact on the auction 
results. Based on actual auction clearing prices and quantities and make-whole MW, 
total RPM market revenues for the 2017/2018 RPM Base Residual Auction were 
$7,512,229,630. If only generation. Annual DR, and EE were offered in the 2017/2018 
RPM Base Residual Auction and everything else had remained the same, total RPM 
market revenues for the 2017/2018 RPM Base Residual Auction would have been 
$9,738,222,922. li there were no offers for DR or EE in the 2017/2018 RPM Base Residual 
Auction and everything else had remained the same, total RPM market revenues for the 
2017/2018 RPM Base Residual Auction would have been $16,859,658,203, an increase of 
$7,121,435,281, or 73.1 percent, compared to the results with only generation. Annual 
DR, and EE. The inclusion of sell offers for Annual DR and EE resulted in a 42.2 percent 
reduction in RPM revenues for the 2017/2018 RPM Base Residual Auction compared to 
the revenues without any demand side products. 
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This is the best measure of the competitive impact of demand side products on the RPM 
market. The Armual DR product defiiution is the only one relatively close to consistent 
with being a capacity resource. Assuming that the DR meets appropriate measurement 
and verification standards and tiiat the DR was offered with the intention of providing 
physical resources, competition from the Armual DR product and Energy Efficiency 
resources resulted in a 42.2 percent reduction of payments for capacity. This 
demonsttates that Annual DR together with Energy Efficiency resources had a 
significant impact on market outcomes and resulted in the displacement of generation 
resources. Thus, even when the DR product is Umited to the Armual DR product, DR has 
a significant and appropriate competitive impact on capacity market outcomes. As in 
prior BRAs, Extended Summer and Limited DR products also had a significant impact in 
the 2017/2018 BRA, but those impacts resulted from badly defined and inferior products. 

Impact of Environmental Regulation Compliance 

On December 16, 2011, the U.S. Environmental Protection Agency (EPA) issued its 
Mercury and Air Toxics Standards rule (MATS), a final rule setting maximum 
achievable conttol technology (MACT) emissions standards for hazardous air poUutants 
(HAP) from coal- and oil-fired electtic utility steam generating units, pursuant to section 
112(d) of the Clean Air Act.^i The rule requires compliance by Aprti 16, 2015.92 

The State of New Jersey has separately addressed NOx emissions on peak energy days 
with a rule that defines peak energy usage days, referred to as High Electtic Demand 
Days or HEDD.^ The rule implements performance standards on May 1, 2015, just prior 
to the commencement of the 2015/2016 DeUvery Year. 

Table 22 shows the results if the APIR associated with environmental regulation 
compliance, which were not previously submitted, were removed and everything else 
had remained the same. AU binding consttaints would have remained the same. The 
RTO clearing price for Linuted Resources would have increased to $118.06 per MW-day, 
and the clearing quantity would have remained the same at 2,322.1 MW. The RTO 

9̂  National Emission Standards for Hazardous Air Pollutants fiom Coal- and Oil-fired Electric Utility 
Steam Generating Units and Standards of Performance for Fossil-Fuel-Fired Electric Utility, 
Industrial-Commercial-Institutional, and Small Industrial-Commercial-Institutional Steam 
Generating Units, EPA Docket No. EPA-HQ-OAR-2009-a234, 77 Fed. Reg. 9304 (February 16, 
2012). 

^ M. at 9465. 

N.J.A.C. § 7:27-19. 
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clearing price for Extended Sunimer and Annual Resources would have remained the 
same at $120.00 per MW-day, and the clearing quantity would have decreased slightiy to 
164,653.8 MW. The PSEG clearing price for Limited Resources would have increased to 
$213.06 per MW-day, and the clearing quantity would have increased sUghtly to 177.7 
MW. The PSEG clearing price and quantity for Extended Sunimer and Aimual 
Resources would have remained the same, with some shifting between product types. 
The PPL clearing prices and quantities for Limited and Armual Resources would have 
remained the same. The PPL clearing price for Extended Summer Resources would have 
decreased to $41.94 per MW-day, and the clearkig quantity would have remamed the 
same at 183.3 MW. 

Based on actual auction clearing prices and quantities and make-whole MW, total RPM 
market revenues for tiie 2017/2018 RPM Base Residual Auction were $7,512,229,630. If 
the APIR associated with the pending environmental regulations which were not 
previously submitted were removed, total RPM market revenues for the 2017/2018 RPM 
Base Residual Auction would have been $$7,531,360,041, an increase of $19,130,411, or 
0.3 percent, compared to the total based on actual results. From another perspective, the 
impact of including environmental compliance costs in APIR was to decrease total 
market revenues by $19,130,411, or 0.3 percent. 

Capacity Imports 

Generation external to the PJM region is eligible to be offered into an RPM Auction if it 
meets specific requirements.^^ ^̂  Firm ttansmission service must be acquired from all 
external ttansmission providers between the unit and border of PJM and generation 
deliverability into PJM must be demonsttated prior to the start of the deUvery year. In 
order to demonsttate generation deUverability into PJM, external generators must obtain 
firm point-to-point ttansmission service on the PJM OASIS from the PJM border into the 
PJM ttansmission system or by obtaining network external designated ttansmission 
service. In the event that transmission upgrades are required to estabUsh deliverability, 
those upgrades must be completed by the start of the deUvery year. The following are 
also required: the external generating unit must be in the resource portfolio of a PJM 
member; twelve months of NERC/GADs unit performance data must be provided to 
establish an EFORd; the net capabiUty of each unit must be verified through winter and 
summer testing; a letter of non-recallability must be provided to assure PJM that the 
energy and capacity from the unit is not recallable to any other balancing authority. 

*̂ See "ReliabiUty Assurance Agreement Among Load Serving Entities in the PJM Region", 
Schedule 9 & 10, 

5̂ See PJM. "Manual 18: PJM Capacity Market", Revision 24 (July 31,2014), pp. 44-46 & p. 65-66. 
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All external generation resources that have an RPM commitment or FRR capacity plan 

commitment or that are designated as replacement capacity mus t be offered in the PJM 

Day-Ahead Market.^^ 

Planned External Generation Capacity Resources are eligible to be offered into an RPM 

Auction if they meet specific requirements .^ ^̂  Planned External Generation Capacity 

Resources are proposed Generation Capacity Resources, or a proposed increase in the 

capability of an Existing Generation Capacity Resource, that is located outside the PJM 

region; participates in the generation interconnection process of a balancing authority 

external to PJM; is scheduled to be physicaUy and electtically interconnected to the 

transmission facilities of such balancing authority on or before the first day of the 

delivery year for which tiie resource is to be committed to satisfy the reliability 

requirements of the PJM Region; and is in full commercial operation prior to the first 

day of the delivery year.^ An External Generation Capacity Resource becomes an 

Existing Generation Capacity Resource as of the earUer of the date that interconnection 

service commences or the resource has cleared an RPM Auction for a prior delivery 
year.i™ 

Effective with the 2017/2018 DeUvery Year, Capacity Import Limits (CILs) are 

established for each of the five external source zones and the overall PJM region to 

account for the risk that external generation resources may not be able to deUver energy 

dur ing the relevant DeUvery Year due to the curtatiment of firm ttansmission by third 

parties.^"' Capacity Market Sellers may request an exception to the CIL for an external 

generation resource by committing that the resource will be pseudo tied prior to the 

start of the relevant Delivery Year, by demonsttating that it has long-term firm 

^̂  OATT, Schedule 1, Section l.lO.lA 

'̂ '̂  See "ReUabiUty Assurance Agreement Among Load Serving Entities in the PJM Region", 
Section 1.69A. 

^̂  See PJM. "Manual 18: PJM Capacity Market", Revision 24 (July 31,2014), pp. 47-48. 

^ Prior to January 31, 2011, capacity modifications to existing generation capacity resources 
were not considered planned generation capacity resources. See 134 FERC \ 61,065 (2011). 

'̂ ^ Effective January 31, 2011, the RPM rules related to market power mitigation were changed, 
including revising the definition for Planned Generation Capacity Resource for purposes of 
the must-offer requirement and market power mitigation. See 134 FERC \ 61,065 (2011). 

0̂̂  147 FERC 1161,060 (2014). 
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transmission service confirmed on the complete ttansmission path from the resource to 
PJM, and by agreeing to be subject to the same RPM must offer requirement as internal 
PJM generation resources. 

Impact of Imports 

Table 23 shows the results if import offers for external generation resources in the 
2017/2018 RPM Base Residual Auction were reduced by 25 percent and everything else 
had remained the same. AU binding consttaints would have remained the same. The 
RTO clearing price for Limited Resources would have increased to $125.42 per MW-day, 
and the clearing quantity would have stayed the same at 2,322.1 MW. The RTO clearing 
price for Extended Summer and Annual Resources would have increased to $132.07 per 
MW-day, and the clearing quantity would have decreased to 164,416.5 MW. The PSEG 
clearUig price for Limited Resources would have increased to $208.35 per MW-day, and 
the clearing quantity would have remained the same at 177.5 MW. The PSEG clearing 
price for Extended Summer and Annual Resources would have remained the same at 
$215.00 per MW-day, and the clearing quantity would have increased slightly to 5,933.5 
MW. The PPL clearing price for Limited Resources would have stayed the same at 
$40.00 per MW-day, and the clearing quantity would have stayed the same at 41.7 MW. 
The PPL clearing price for Extended Summer Resources would have decreased to $46.65 
per MW-day, and the clearing quantity would have remained the same at 183.3 MW. 
The PPL clearing price for Annual Resources would have increased to $132.07 per MW-
day, and the clearing quantity would have increased to 9,731.0 MW. 

Based on actual auction clearing prices and quantities and make-whole MW, total RPM 
market revenues for tiie 2017/2018 RPM Base Residual Auction were $7,512,229,630. If 
offers for external generation were reduced by 25 percent and everytiiing else had 
remained the same, total RPM market revenues for the 2017/2018 RPM Base Residual 
Auction would have been $8,210,054,013, an mcrease of $697,824,383, or 9.3 percent, 
compared to the actual results. From another perspective, the impact of including 75 
percent of the offers for external generation resources was to decrease total market 
revenues by $697,824,383, or 8.5 percent. 

Table 23 shows the results if offers for external generation resources in the 2017/2018 
RPM Base Residual Auction were reduced by 75 percent and everything else had 
remained the same. All binding consttaints would have remained the same. The RTO 
clearing price for Limited Resources would have increased to $162.16 per MW-day, and 
the clearing quantity would have stayed the same at 2,322.1 MW. The RTO clearing price 
for Extended Summer and Annual Resources would have increased to $167.17 per MW-
day, and the clearing quantity would have decreased to 163,324.3 MW. The PSEG 
clearing price for Limited Resources would have increased to $209.99 per MW-day, and 
the clearing quantity would have decreased slightly to 173.5 MW. The PSEG clearing 
price for Extended Summer and Annual Resources would have remained the same at 
$215.00 per MW-day, and the clearing quantity would have mcreased slightly to 5,937.4 
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MW. The PPL clearing price for Limited Resources would have increased to $75.00 per 
MW-day, and the clearing quantity would have increased to 63.7 MW. The PPL clearing 
price for Extended Summer Resources would have increased to $80.01 per MW-day, and 
the clearmg quantity would have decreased to 161.3 MW. The PPL clearing price for 
Aimual Resources would have increased to $167.17 per MW-day, and the clearing 
quantity would have increased to 10,424.5 MW. 

Based on actual auction clearing prices and quantities and make-whole MW, total RPM 
market revenues for the 2017/2018 RPM Base Residual Auction were $7,512,229,630. If 
offers for external generation were reduced by 75 percent and everything else had 
remained the same, total RPM market revenues for the 2017/2018 RPM Base Residual 
Auction would have been $10,202,534,135, an mcrease of $2,690,304,504, or 35.8 percent, 
compared to the actual results. From another perspective, the impact of including 25 
percent of the offers for external generation resources was to decrease total market 
revenues by $2,690,304,504, or 26.4 percent. 

Of the 4,944.7 MW offered for external generation resources in the 2017/2018 RPM Base 
Residual Auction, 963.9 MW or 19.5 percent were not or did not plan to be pseudo tied. 
Table 23 shows the results if offers for external generation resources in the 2017/2018 
RPM Base Residual Auction without pseudo ties were excluded and everything else had 
remained the same. All binding consttaints would have remained the same. The RTO 
clearing price for Limited Resources would have increased to $109.56 per MW-day, and 
the clearing quantity would have remained the same at 2,322.1 MW. The RTO clearing 
price for Extended Summer and Annual Resources would have increased to $124.56 per 
MW-day, and tiie clearing quantity would have decreased sUghtiy to 164,589.2 MW. The 
PSEG clearing price for Limited Resources would have decreased to $200.00 per MW-
day, and the dearing quantity would have increased sUghtiy to 177.7 MW. The PSEG 
clearing price for Extended Summer and Annual Resources would have remained the 
same at $215.00 per MW-day, and the clearing quantity would have remained the same 
at 5,933.2 MW. The PPL clearing price for Limited Resources would have remained the 
same at $40.00 per MW-day, and the clearing quantity would have remained the same at 
41.7 MW. The PPL clearmg price for Extended Summer Resources would have increased 
to $55.00 per MW-day, and the clearing quantity would have remained the same at 183.3 
MW. The PPL clearing price for Armual Resources would have increased to $124.56 per 
MW-day, and the clearing quantity would have increased to 9,430.4 MW. 

Based on actual auction clearing prices and quantities and make-whole MW, total RPM 
market revenues for the 2017/2018 RPM Base Residual Auction were $7,512,229,630. If 
offers for external generation resources without pseudo ties were excluded and 
everything else had remained the same, total RPM market revenues for the 2017/2018 
RPM Base Residual Auction would have been $7,785,489,989, an increase of 
$273,260,359, or 3.6 percent, compared to the actual results. From another perspective. 
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the impact of including external generation resources without pseudo ties was to 
decrease total market revenues by $273,260,359, or 3.5 percent. 
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Tables and Figures for RTO Market 

Table 6 RTO offer statistics: 2017/2018 RPM Base Residual Auction 

Generation capaci^ 

DR capacity 

EE capacity 

Total internal RTO capacity 

FRR 
Imports - . 

RPM capacity 

Exports 

FRRpplional ,•'". •,_ 

Excused Existing Generation Capacity Resources 

Unoffered Planned Geheratioh Capacity Resources 

Unoffered DR and BE 

Avaiiabie • . ? ' vV)- . 

Generation offered . 

DR oflered 
EE offered 

Totai offered 

Unoffered Existing Generation Capacity Resources 

Cleared in RTO 

Cleared in LDAs . 

Total cleared 

Make-whole 

Uncleared generation 
"Uncleared DR' 

Uncleared EE 

Total uncleared 

Reliability requirement - • 

Total cleared plus make-wtiole 

Short-Term Resource Procurement Target 

Net excess/{deficiQ 

Resource clearing price for.Limited Resources ($ per MW-day) 

Resource clearing price for Extended Summer Resources ($ per MW-day) 

Resource clearing price fiar Annual Resources ($ per MW-day) 

Preliminary zonal capacity price ($ perfwlW-day) 

Base zonal CTR credit rate ($ per MW-day) 

Prelimina^ net load price ($ per MW-day) 

ICAP (MW) 

189,798.5 

12,307.9 

1.421.8 

203,528.2 

(15,776.1) 

6,300.9 

194,053.0 

(1,223.2) 

('1,308.1) 

(2,251,2) 

(744.8) 

(1,050^8) 

•187,474,9.: 

.175,329.5 •• 

10,855.2 

:. -1,289.0 . 

187,473.7 

1.2 

UCAP (MW) 

179,341.6 

12,803.2 

1,477.5 

193,622.3 

(14,861.1) 

. -5,854.8 

184,616.0 

(1,194.5) 

. (838^0) ,: 

(1,939.1) 

'(715^1) 

(1,090,8) 

178.838.5 : 

. 166,204,8 

11,293.7 

1,340,0 : 

178,838.5 

0.0 

166,628,1 

375!6 . 
167.003,7 

65.2 

11,449.8 

318.7 

1.1 
; 11,769.6 ; 

165,007.1 

167,058.9 

4,125.2 

6.187.0 

$106.02 

$120,00 

, $120.00 

$119.81 

$0,00 

$119,81 

Percent of 
Available 

ICAP 

.V . 100.0% • 

93.5%-. 

5.8% 
, , 07% 

100.0% 

0.0% 

A 
B 

A-B 

Percent of 
Available 

UCAP 

'• ••.-1,00,0% 

,92,9% 

6,3% 

••••'. 0 , 7 % 

100,0% 

0.0% 

93.2% 

0.2% 

93.4% 

0,0% 

6,4% 

0.2% 

0.0% 

6.6% 
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Table 7 Capacity modifications (ICAP): 2017/2018 RPM Base Residual Auction^o^ 

GenejBpdh increases "̂ ^̂ ^ 
Generation decreases 
.Capacit/ modifications net incre^se/(decr^ase) 

DR I n c r e a s e s ' : • ; ,̂  ' \ • • / • 
DR decreases 
;bR,riet increase/(decreasej; ., 

lEElnpreaseS ;:;'w. :;;-.v^;V^-••••.;;•: 

EE decreases 
;EE:fnppjScationS increase^ 

INeilntemal c^pabijy^jhc^^ 

6,988.1; 
(9,760.1)' 

ICAP (MW) 
PSEG 

(1,228.8) 

/1>007.9 

(6^7) 

(2,772.0) •>;-^:(1i224.8). 

,6,224,9. 
(9,55a 1) 

,175.4-
(336.4) 

^945,2 

••398.1 

(56Z3) 

(3,331.2) 

1,107.6: 
(954!3) 

(1610) 

12.8' 

_ja7i_ 

•:(i64;2) 

•,:;;23.2 
(24:2) 

^^:;153;3 ;;4.1 

i(5,94a9)4r^^t:fc;{i|381.7): 

;(1-0) 

;w78b:o 

^^ Only cap mods that had a start date on or before lune 1, 2017 and DR and EE plans for the 
2017/2018 RPM Base Residual Auction are included. 
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Table 8 Capacity modifications (UCAP): 2017/2018 RPM Base Residual Auction 

^eiienatibni inpreise^.'•'.?:' '^'\]-^A-ipyy}::9 • \ 
Generation decreases 
Capacity modificatiohs net increase7(deciiase) -

DRiricreases •.'• :̂ ,:;'.̂ --• .̂ 
DR decreases 
DRnetincrease/(decrea^e) : ::•,-::. 

:EE,increases'"•••:^K:•''•;^^••^•-" '̂";•^ •-• 
EE decreases 
•EE modifications increase/(decrease) 

Netc^picity/DR/EE modifications [ncrease/(decrease) 

EFORd efiect 

DRand EE efiect 

Net internal capacity increase/(decrease) 

RTO 
V- :6 ,7d9 .7 

(8,447,8) 
^-^•^^v(1i738:^)^' 

^ - ^6,475.9"; 
(9.948.3) 
{3.472.4) 

yA/\mM 
(9920) 
158.9 

(5,051.6) 

(2,167.1) 

(7.1) 

UCAP (IMW) 
PSEG 

4.0 
(1,136.4) 

^^"M| (1.132:4) 4 ; ^ 

; y y m . 2 : y 
(350.1) 

•:̂ -̂̂ ;?S(167v9)"'̂ ^̂ o^ 

••:-:: v"'-^<;13;2 - i ^ . 
(88) 

' 44 

(1,295 9) . 

- : ^ (122.1)/ 

(0.4) 

PPL 
967.5 
(57.5) 

:S^v-r;9i0.0 

(5852) 
>4:;^tl7l.2) 

(25.2) 

'̂ m 
^ '"737^8 

• • (236.1) 

(0.3) 

(7.225.8) (1,418.4) 501.4 
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Table 9 Cleared M W b y zone and resource type/fuel source: 2017/2018 RPM Base 

Residual Auction^^^ 

Cleared UCAP (MW) 

Coal Gas HydroGlectric Muclear Oil Solar Solid Waste Wind Total 

mx>->%§ty^' 
AEP 
A p ' . ' - - • : . • ' ' " , 

ATSi ' 

,BGE . . . 

ComEd 

DAY 
DEOK 

acb 
Dominion 

DPL 
EKPC 

External 

JCPL 

Met-Ed 

PECO 

F tNE l£C 

Pepco 

PPL 
PSEG 

RECO 

Totd 

: : ; , f ;V;^ l34:7/v.r 

" " M 2 6 : i 

; :E I28 ,9 •:„ • 

1,020.2 

.,•791.2 ' 

1,478,1 

209,4 

192.4 

.•,•161.4 ; • . 

1,141,1 

369,7 

140.1 

\ - ' ' ^ i M y -
159,4 

. 298,9 

480 0 

356 8 _, 

6084 

686 2 

3884 

34 
10 9748 

• y - t ^ - ^ S , -"••• 

136,3 

10,3 -, 

142,0 

123,7 

583.3 

49,2 

17,5 

• 10,6 :.-

20,7 

, 29,0 

0,5 
^ • . • / a o : -

7,1 
12,8 

24 8 

129 
104 2 

356 
17 6 

00 
133S9 

^ l ^ - : . . ^5a2 " : ; 

6,309,5 

4,836.6. 

2,876,5 

-. 1.376,6 

4,633,0 

•2,464,2 

2,245.1 

• ' 5 2 6 , 3 . 

• 5,044,2 

389,5 

1,600,4 

•'3.568,4 

0.0 
493.3' 

90 
6245 5 

2163 3 

1,862 9 

349 3 

00 
47 442.8 

J4,1,30a3 ' . X 

i f i u 
••• • -2,351.1", - i 

2,741,3 

525.1 , , 

9,014.9 

1,328.4 

4Z.1 
• • ' • ' • ' • m i - ; . 

11,118,7 

3,972.3 

718,1 

. - . • : ;B35,2; :,.-

2,821,3 

2.022.7 

3 3101 

10351 

2 3398 

4 3263 

5159 0 

00 
62 6944 

: - : • • • , : " v o , o , ^ s v : 
90,0 " 

. •••134,8 '••. 

0,0 
0,0 .,. 

0,0 
106,9 

0.0 
^ , 0:0 •• 

3,502.1 

0.0 
129.6 

• . : " ^ -29a7 . ; \ = 

411.2 

18.5 • 

1630 9 

5715 

00 
6917 ' ' 

17 
00 

7 579 6 

')xS..OSi y 
0.0 

,•'•' " , r f t6 ' • 

ab22.9 

1,670!7 

6,318,8 

0,0 
0,0 

: ;1,7316: ,• 

3,483,1 

• 0,0 

0.0 
: y - - 12,2 .;• 

0,0 
, .794,3 

4 555 2 

,, 0 0 

00 
2,3954 

3416 8 

00 
264010 

V>-^26 ,0 .'7;^: 

6,0 
" " ' ' • ; -0 ,0 • ; / : ' 

174,4 

, 481, f ' . •: 
204,4 

•45.8 . 

234.6 

• - : ; ; ' i z e ; - " - . 

1,610.3 

850,2 . 

OO 
• • • ; - . " . - a o ; . -

139,3 

. ,218.5 

145^2 

J085 

14067 

19789 

00 
00 

8942 5 

'^.y^JZ \y. 

6,0 
: \ • i 2 ' , 9 " •-

0.0 
• 0.0 

3.4 
0,5 
0.0 

• - 0 .0 • • 

3.2 
2.3 
0,0 

' . ' a o : ; " 
35,5 

,0.0 

10 
00 
00 
57 

387 
00 

1164 

:::.{yOMJ?'-
"0.0 "" 

'' .'• o y . . 
0,0 

54.6 „ -

0,0 
0,0 
0,0 
0,6 ' 

219,4 

ao 
0,0 

• - . • . a o ' - V 

9,0 
' " ' ^ 7 5 : 9 ' " ' f -

95 8 

404 
500 

es 
166 0 

00 
709 6 

'O^my 
1924 

-•.:•" 1164. -

OO 
• ;o,o 

315,1 

- : . ;0.0 

0.0 
• 6.0 • 

0,0 
0,0 
0,0 

y .:iao/ 
0,0 

'-'•."'•• M •• 

00 
^ 133 3 

00 
275 
00 
00 

8037 

• : v ' a 9 2 5 , 2 

15,880,0 

• -V !8,391.0 

8,977,3 

. ..;5,622.0 

2,551.0 

:L ,4.204.4 

2,731.7 

2,647.4 

26,142.8 

5,613.0 

2,583.7 

.:^:,4.525;5 

3,582.8 

-••^•3:934.9 

115590 

85040 

6 6714 

12 020 7 

9 527 5 

34 
1670037 

Table 10 Uncleared generat ion offers b y technology type and age: 2017/2018 RPM 

Base Residual Auction^"* 

Technology Type 

Uncleared UCAP (MW) 

Less Than or Equal Greater than 40 

to 40 Years Old Years Old 

(Deal Fired • ' 

Combined cycle 

Combustion turbine 

Oil or gas steam 

Other 

Total 

2,703.5 • 

i,064.6 

391.1 : 

58.1 

: 2,360.2 . 

6,577.5 

- ; ' 2,797.5 

0.0 
127.9 

0,0 
: ,. 1.946^9 , 

4,872.3 

- 5,501.0 

1,064.6 

519.0 

58.1 

4,307.1 

11,449.8 

^̂ ^ Resources that operate at or above 500 kV may be physically located in a zonal LDA but are 
modeled in the parent LDA. For example, 3,416.8 MW of the 9,527.5 cleared MW in the PSEG 
Zone were modeled and cleared in the EMAAC LDA. 

'̂̂  Effective for the 2017/2018 and subsequent DeUvery Years, the ACR technology classes of 
waste coal smaU and large were eliminated and combined with subcritical and supercritical 
coal to form the "Coal Fired" ACR technology class. Waste coal resources were included in 
the other category in prior versions of this table. For the 2017/2018 BRA, waste coal resources 
were included in the coal fired category. 
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Table 11 Uncleared generation resources in mul t ip le auctions^*'^ 

Technology 

2016/2017 Results 2015/2016 Results 

2017/2018 for Same Set of Resources for Same Set of Resources 

Uncleared Number of Uncleared Number of Uncleared Number of 

UCAP (MW) Resources UCAP (WIW) Resources UCAP (MW) Resources 

Coa] Fired ' H " " \ •"•,:^>/:v '• 

Combined cycle 

'CombiBtipri turbine ^ 

Oil or gas steam 

.Other" 

Total 

• • • / ! ' ' - ^ > 5 , 6 0 i . o ":-:•;•• 

1,064,6 

ms) : 
58.1 

;'^' -•4,307..l ' ,-." 

11,449.8 

' •y^r^^2x/.-
3 

: v - V 2 i " \ v 
2 

: ; : - ; - ^ . . 9 " : - , , 

47 

V-.̂ ; ̂ 2,065:8 V •',:••'• 

757.0 

' : • • • " 76 .2 - v ' •• 

58,3 

• 0.0 - y • / 

2,957.3 

' y ^ y p y ^ ' i - y 

1 
. ' • :y:y/ [" :" .^y 

2 
• y y . 0 :-;;:. 

12 

"S^;796.7-^r-

do 
r y"rQ.Q'^'^'-' 

57.3 

--,.-;"jjD.o - v . 

854.0 

• • : ; " ' - ^ 3 

0 
.•^^^"•O 

2 
;y:.6 

5 

Table 12 PJM LDA CETL and CETO Values: 2016/2017 and 2017/2018 RPM Base 

Residual Auctions 

LDA 
^ C < 'H rV" 
EMAAC 

SWMAAC:--^'^""-: 

PSEG 

f^GJvtort i ;^;^' 
DPL Soufri 

Pepco .'• - -
ATSI 

AJ^ I /e^ f j 
ComEd 

B G E ^ S ^ l ^ ^ 
PPL 

CETO 

;• 5„220,0.;j 
6,140.0 

:V5,8l]:b-
6,450.0 

vs?2,45ao^ 

i,Mo 
2;730.0. 
5,'390,0 

sS«^S 
NA 

] $ t ^ i ^ \ 
NA 

2016/2017 
( 

l^ETL 

ym^s 
8,916.0 

."."•' 8;786'd 

6,581.0 

^,;-.2,^.d,' 
imio 
6,m.b 
7,881,6 

^v i ^o ' -
NA 

B:MM 
NA 

;ETLtoCETO 

Ratio 

:-?,;d24%"/' 
"145% 

".: -156%;. 
102% 

; , . ,M-*#%-^ 
120% 

.251% , 

146% 

?1*^^38%^¥^ 
NA 

W^^^I>iMM-
NA" 

CETO 

'̂̂ :it;426.0 :-. 
6,140.6 

"• • 5 , M 6 

6,080.0 

-i'iS^Op..^ 
i,4ioro 
3.740.6 
4,970,0 

iS^i6!6--i 
2,290,0 

'iiuiMM 
1,310.6 

2017/2018 
1 

CETL 

>,iX393.0: 
9,315^0 

: "'8,"653.0 •• 

6,700.0 
.••:,2,795.0;. 

1,964.0 
5,3K,6 
8,470,0 

0^C94O..()S 
"7,626,0 

#:^17!o'1 
* "4.^6" 

:ETLtoCETO 

Ratio 

-:$WA&I%'^ 
152% 

:'y '"'''^137%'-": 

iio% 

^i^k i - i W i i 
m i 

.143% 
170% 

l :^i®4^-l 
307% 

;;:-^;;j;;pP 
331% 

CETO 

Change 

MW Percentage 

W (800.0) ;>?t 
0,6 

'r:-"j)"'"46!o>^ 
{376.0) 

^.-.^;(80.q),v^^ 
Imo) 

•' - ' \ M ^ - ^ ^ 
(420,0) 

^^450115 
NA 

v^&W&^ 
' NA 

;.C .̂{15%)'.'S 
6% 

^y:-:y^^f^ 
(6%) 

iV-.(3^}-''i; 
(9%) 

SS37%; 'v? 
(8%) 

CETL 

MW Percentage 

;?^'898;0. •: 

399.0 

;"(733,6) • 

119,0 

:;4i4i.6).v i 
3.0 

;{1",487:6)'̂ &-:'-
589,0 

^|fi2^-^i3#^:0^|; 
NA 

%m^m 
NA' 

NA 

^ ^ M 
NA 

,;̂ 114% 
"4% 

, • • ( 8 % ) 

2% 

4 y m 
0% 

^^(22%) 
7% 

^p;̂ %) 
NA 

"•S^NA 

NA 

i*'̂  Effective for the 2017/2018 and subsequent Delivery Years, the ACR technology classes of 
waste coal small and large were eliminated and combined with subcritical and supercritical 
coal to form the "Coal Fired" ACR technology class. Waste coal resources were included in 
the other category in prior versions of this table. For the 2017/2018 BRA, waste coal resources 
were included in the coal fired category. 
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Table 13 Offers greater than $35.00 per MW-day on total RTO supply curve: 2017/2018 
RPM Base Residual Auction^"^ "̂̂  

Technology/Resource Type 

CMIred 
Other generation 

S;c|J^as steam 

Demand Resource coupled 

&niblned cycle 

Combustion turbine 

Demand^Ke|ourc 
Energy Efficiency Resource 

Offered UCAP (MW) Percent of Offers 

12,325;3-1S||;ff 
4,307.1 

4,i98f^;!3iilS 
2,695.4 ' 

1,6244"":"''̂ ^^- '̂'-
1,579.1 

:•./"...V ;̂-.vK 8̂08.6 • .\ 

m.2 

W^M 
^ IH 

'':y-WM' 
5.7% 

'\: :iM 
0.4% 

•27,643.8 100.0% 

'°^ For imcleared coupled DR offers, the offer with the lowest sell offer price within a coupled 
Demand Resource group was assumed in the offered capacity values reported. 

^̂^ Effective for the 2017/2018 and subsequent Delivery Years, the ACR technology classes of 
waste coal small and large were eUminated and combined with subcritical and supercritical 
coal to form the "Coal Fired" ACR technology class. Waste coal resources were included in 
the other category in prior versions of this table. For the 2017/2018 BRA, waste coal resources 
were included in the coal fired category. 
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Table 14 Impact of Short-Term Resource Procurement Target: 2017/2018 RPM Base 
Residual Auction 

LDA Product Type 
RTO Umite(iv:v^:!-^ 

Extended Summer 
AnnUii ' : i 

RTO Total 
PSEG •••• u S H j I ^ J J C J ^ 

Extended Summer 
: y : Anriual 

PSEGTotel 
PPL ' : :Limited . • -

Extended Summer 
.^^•" Annual : ••̂ •'; 

PPL Total 

No Short-Term Resource 
Actual Auction Results Procurement Target Reduction 

from VRR Curve 
Clearing Prices Cleared UCAP Clearing Prices Cleared UCAP 
($ per MW-day) (MW) {$ per MW-day) (MV\0 

$106.02 , 

$120.00 

$120:00: > 

^Q1^62:i : ;^ 
$215.00 

$215.00 :; 

:$40;00 : 
$53,98 

$120.00 . 

• ;/-^,322:1 V 

7.163.3 
:-157,518.3 î̂ >̂ r 

167,003.7 

^-•'y^:ym^y9^ 
154.8 

5,778.4 

6,110.7 

• : • . 4 1 . 7 - , 

183.3 

^ ; 9,123.5 

•r-Xfmm^-^ 
$157.80 

^ .̂̂ r^$157.8Goa; 

•:;::--:$2d7.22:M 

$220.00 

$220.00 

, $75.00 

$87.78 

$157.80 •; 

^»2,322;1 
7,288.7 

> f̂mimS 
170,362.5 

'%y'^.-^'^75| 
157,0 

.v6,056.7 

6,389.1 

: 63.4 

161.6 

; 10,421.5 

9,348.5 10,646.5 

Table 15 Impact of Short-Term Resource Procurement Target: 2017/2018 RPM Base 
Residual Auction 

LDA Product Type 

^ ^ , ^ .̂ _ ,̂  No Short-Term Resource 
Actual Auction Results „ ^ ̂  ^ « • •̂ 

Procurement Target Reduction 
Clearing Prices Cleared UCAP Clearing Prices Cleared UCAP 
($ per MW-day) (WN) ($ per MW-day) (MW) 

RTO Umited '̂  
Extended Summer 
Annual 

RTO Total 
PSEG Limited 

Extended Summer 
Annual 

PSEG Total 
PPL ' L im i t ed - ' V : , 

Extended Summer 
Annual ..•-:•-

PPL Total 

; $106.02 ^^ 
$120.00 

. $120.00 

$201.02 
$215.00 
$215.00 

./ .$4ate > 
$53.98 

,.$120.00 .. 

::2,322.1- : 
7,163.3 

: 157,518.3 
167,003.7 

177.5 
154.8 

, 5,778.4 
6,110.7 

'•"•^' " ' " 4 1 7 "" 

183.3 
.......9.123.5 < 

9,348.5 

$157.80 
$157.80 
$157.80 .,-

$220.00 
$220.00 

""$220.00 

:". $w#;; 
$157.80 

v $157,80 

4,476.4 
5,339.1 

160,547.0 
170,362,5 

.201.2 
130.9 

\ 6,057,0 
6,389.1 

, ; 350.0 
79.8 

... 10.284.6 
10,714,4 
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Table 16 DR and EE statistics by LDA: 2016/2017 and 2017/2018 RPM Base Residual 
Auctions^os 

LDA 

RTO":.""" •••;' 

RTO 

MAAC 

MAAC 

EMAAC 

EMAAC 

SWMAAC '. '• 

SWMAAC 

pP.LSoufli . . 

DPL S o * 

PSEG " 

PSEG 

fSEG Wodh 

PSEGNortli., 

I^epcp -'.y-.S: 

Pepco 

Ara-^i^-'' 
AlBl 

2Qie(ZQ1TBRA 

Offered Offered Cleared 

2017(2018 ERA 

Offered Offered Cleared 

Resource Type ICAPfMW) UCAP(MW) UCAP (MWJ ICAP (MW) UCAP{MW! UCAP (MW) 

; D R " ' " - ^ " " " ; 

EE' 

•J3R y ' - l - • • ' V , 

EE 

• - D R • - , • • - . • • • 

EE 

.m 
EE 

•t3R- - \ . ' - i ; , 

EE 

'CR , -

EE 

' m " - " } - . " • - •• 

EE 

} DR ?;':?;yf"^' ' 

EE' 

'..PR^-yy^V^ 

EE 

ivraiOByeiand DR ;^^i>;;:;.t:^ 

ATSiaeyeianc 

'•'comia''"'''-:-
ComEd 

'^.^:?::- 'y-
BGE 

,PPL .•:--.....• 

PPL 

1 EE 

'':iR';'^"-:--i 
EE 

^;bR.v^7f;:il;V 
^̂  

,.bR':v^^;X"'' 
~"EE " ' " " " 

;M3 ,932 .9 : ; 

i,112,6 

5,477,4 

318,5 

2,069,5 "_ 

62,1 

• 1.588.1 

200.3 

• 119.1 

0,7 

610;.9 

14,6" 

: 218,8 ' 

4,1 

•••;,^6K,4 '•; 

80.3 

•"•...i.8«/,.: 
19t2^ 

•' .:• 473.4 \ 

50,8 

C-f,654:i^' 

409,9 

;-v::^,?;;'. 

"1'20,0 

•;•-.,-.994,2 \. 

"35,0 

;'.i4.507-2 ,;• 

"1,156.8 

5,703.5 

330,9 

- 2,155;0 

64,1 

1,653,8,. 

208,6 

. ,.124-0 
0.7 

. / 636.5 

14,9 

' 228,'2"' 

4,1 

•:--:^M£ 

83,7 

,̂ .".-1926.7 .•.-,• 

m.9 
• ^ : 4 9 i e " • 

52.8 

:'^'i,722:3 •••• 

426.7 

?:^-^ 970.6^^ 

' 124"!9 

':'-i;os;i".: 
36.5 

*12.408,1;^' 

1,117,3 

5.350.2 ' 

310.1 

2.006.4 • 

51.2 

" 1.600.5 , 

208,4 

105,7' 

0,6 

630.7 

11.9 

-•,'22616 

3.1 

M 663.9": 

83.5 

.J,811,9, 

196,6 

'1468,7,, 

52,6 

••-•1,236.2 ••' 

4267 

•;-SV936.6^-

124.9 

: ."•998,2 •; 

30,2 

10,855,2; 

1,289,0 

4,303.6 

356.0 

i;506.6 , 

77.7 

.1,367.9 '' 

219,2 

. , 84.6 
0,8 

.377,4 

18.2 

" '.149,15" 

3,9 

• l - -595.7 •., 

100.2-

,.l-,^i.023.1 • 

136l8 

• - r29 iD7 • 

34.4 

^ " • ( l « l l 5 ' • 

560,7 

'•'7,772:2 •< 

119.0 

• ;,^,:781.2:,.^ 

• 34:0 ' 

••11,2937;" , 

i.340,0 

4,4777-

369,6 

, . i .567:7 ; . 

80.4 

: 1,423.0 , , 

227,9 

•:i-l88,fV 
0,8 

392,7 

187 

• •• '1557 1' 

3.9 

?xi^6m.--r 
'104^2 

•; 11,064.4 1-; 

'1420 

I'-vMs.--: 
35,7 

1^^'1^:6" ' -

583,3 

v l l? 503,211 

123,7 

. ' :V8 i27-c l 

35,6 

Offered ICAP 

IWW Percentage 

•10,975,0'(3,077.7]'1 

1,338.9 176,4 

' 4,277.3 l(i,173:8r 

368l5 

:"'i.535.6"; 

" " 79.3 

..1,399.6 

227.9 

y .'W^-. 
0,8 

1,, 388,4 

17,6 

-:-"i5i:5-' 

3,4 

;'V?"eM.4i; 

104.2 

illi,ci2ol2l; 
14'2l6 

• : ; v m i ^ 

"35,7 

•:'-"ii,?78ii--

583,3 

^ 1/791:2:1 

123.7 

' - • ; ^ ^ :S . : 

35.6 

37.5 

:i562,'9)" 

15.6 

• ( ^ 2 ) 1 

18.9 

• ']34.5), 

0,1 

• (233.5);:,, 

3,6 

•;'(69,'3r 

(0,2) 

<^(6a7)^-

19.9' 

'̂ MW'-
(54.4) 

l::(i^7i:. 
(16.4) 

"MWl 
150.8 

'MMl 
(1.0) 

.: .1211.0) • 

' (1.0) 

Cha nge 
Offered UCAP 

MW Percentage 

' ' (22.1%) (3,213.5) • 

15.9% 183.2 

;11 {'21.4%) (1,225,8)-

11,8% 

. (27,2%) 

25,1% 

:;/ (13:9%) 

9,4% 

•1.(29.6%) 

14,3% 

•;(38.2%) 

247% 

; M 3 1 7 % ) • 

(4.9%) 

>-;i;^(9:2%) 

24,8% 

11^441^6); 

(28.5%) 

;.lt:(38.6%j • 

{32:3%) 

f 1^12.9%) 1 

36.8% 

i ^ 1 7 ^ l W l 
(6,8%) 

111{21..4^" 

(2,9%) 

38.7 

•(S7:3) " 

16.3 

(230,8)'.. 

19,3 

(35:9)," 

0,1 

. (243:8), 

3,8 

• . m 
(0,2) 

.1(64,0)-,; 

20.5 

>;(856,^' • 

(56,9) • 

1(190.3).., 

(17^1) 
-^(222:7|:-

156,6 

•' imiy:' 
(1-2) 

"(222.4)" ^ 

(0,9) 

Cleared UCAP 

MW Percentage 

';:, (22.2%) •{1,433.1). • 

15,8% 221.6 

: (21,5%) (1.072,9) 

11.7% 

r'(27.3%) 

25,4% 

••;(14,6%) -

9,3% 

1(29.0%) 

14,3% 

,> (3Sl3%) 

25,5% 

;• •(31,8%)' 

{49%) 

.,;-:"(9,4?iO/ 

24,5% 

•;;:{44:6%);. 

(ffi.'6%) 

y m m -
(32.4%) 

f"^':(i"2.9%v'' 

36.7% 

•^W-^'-
(i.0%) 

:^"r(2ii5%), 
(2.5%) 

58.4 

(470:8) 

28,1 

• (2O0.9) 

19.5 

(IM) 
0.2 

(242.3) 

5.7 

• (75,1) : 

0,3 

• i ( 5 5 i ) . : ; 

20,7 

1(791-7) -. 
(54,6) 

•(•178,6). 

~ (16,9) 

•" '2419-" 

156,6 

• • ( i « , 4 ) l 

(1,2) 

; (311,8):-: 

5I4 

:̂ ;t11;5%) 

19l8% 

(20.1%) 

18,8% 

•(23:5%) 

54,9% 

: (12,6%) 

9,4% 

, (18,4%) 

33,3% 

(33.4%) 

47,9% 

^:(33,l'%) 

9,7% 

^ M ^ 
248% 

••-((43.7%) 

(27,8%) 

^"/(38.i%} 

(32,1%) 

1:-Vi9:e% 

367% 

•? (̂i5.5%) 

(1.0%) 

3'(31.2%) 

17.9% 

Table 17 Offered a n d cleared DR b y LDA and offer/product type: 2017/2018 RPM Base 

Residual Auction 

LDA 

RTO't'V 
'RTO 

Rt5;g; 
'RTO " " 

•RTO : ' 

RTO 

RTO , 

PSEG 

•PSEGI 

PSEG 

PSEG . 

PSEG 

PSEG 

PSEG 

PPL 11 

PPL 

PPLI' 

PPL 

î PL , 

PPL 

PPL -

Offer Type 

g,tf,;?£|i*|'r|HMii'p1ed y^ 

ftojK»upted 

;f|;^^'l(|ipi^up!«i;,i"l; 
Coupled 

:,'1;'''-S:QPM6-?I,'?,"-,I-
Coupled 

. ;-;Coupfetf; ;,,-• 

Non-coupled 

• : a - "-^Ifioivcoupied 1 

^ten^:oupfed 

-v'iCoopted.,,.,-.. 

Coupled 

, Coupled 

Coupled 

.•••,i .NprKOupied .; 

Norxnupled 

•' , NofKoupted 

Coupled 

-::-.,-Coupled • 

Coupled 

. Coupled 

Product Type(s) 

:,f_Annual 

Extended Summer 

g'^rted "̂ '̂ .f̂  
Annual and Extended Summer 

'•:• >^nual and Limried 

Extended Summer and Limited 

• Annud Extended Summer and Lmiited 

Annu^ 

"-.ExtendedSunrnsr ' - ' - - - t y y ' / • ' • • ' • { 

Limited 

. 'AnriualawIExtsndedSummer •-- : 

Annual and Limited 

: ExteFKled Sinirherand Limited 

Annual, Extended Summer, and Limited 

^•;Annuai. -';,- i : i : 1-: '• ' " 

Extended Summer 

Uniited 

Annual and Extended Summer 

Annual snd Limited . ' 

Extended Summer and Umited 

Annual, Extended Summer, and Limited 

Offered UCAP (MW) 

Annual 

11069 

00 

00 

12312 

00 

00 

5 3057 

56,1 

- • • ' • 0 . 0 •• 

0,0 

,••-,'33.3 -:. 

6,0 
:o,o . 

136.8 

" . ' 102 ,0 ; ; ' 

0,0 

0,0 

70,8 

• "-6.6"';-

0.0 

469.4 

Extended 

Summer 

00 

1174 5 

' " 6 0 

1402.4 

00 

6716 

5617 8 

0,0 

" 48.4 "•• 

0.0 

-• ;̂  33.3 • . ; • 

0.0 

.., • .17.9 

154.3 

' •y ^ y •• 
35,0 

0,0 

70,8 

•• ; 0,0. 

21,8 

514,7 

Limited 

- 00 -^ 

00 
1015 8* 

00 

00 

726 9 

2,9101 

0,0 

• " 6 , 6 • 

74,9 

"ir-6,0 , 
6,0 

17.9 

11^5 

: . a 6 •••• 

0.0 

25.5 

0.0 

- • .0,0 

21.8 

409lB 

Cleared UCAP (NIW) 

Annual 

11069 

00 
''60 

941 

00 

00 

2884 

56.1 

".•.:61'"^'i 

0.0 

' \ "0.0-.-

ao 
,0.0 - , 

06 

162.0% 

OO 

0.0 

70,8 

6,0 • 

0.0 • 

- 288,4 

Extended 

Summer 

•• . . 0 0 

ims 
- ' 0 0 

13316 

00 

243 9 

44133 

0,0 

•-•" ' . ' •48,4 •'• 

ao 
. ,-33,3 - . 

0,0 

0.7 

72.4 

•••; ---0.6 : " 

35,0 

; .0.6 

0,0 

1 • -• ^00 - • 

0,0 

148.3 

Limited 

00 

00 
9809 

00 

00 
4704 

8708 

OO 

. - •••-"o:6 

74,9 

.. ,^. ,0.0 
0.0 

17,2 

85,4 

. 0,0 

0.0 

., • 6,5 

0.0 

• '0,0 

9,2 

26,0 

108 j\^Q maximum capacity within a coupled Demand Resource group was assumed in the 
offered capacity values reported. 
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Table 18 Weighted-average sell ojffer prices for DR by LDA and offer/product type: 
2017/2018 RPM Base Residual Auction 

LDA 
RTO"-l "," 
RTO 
RTO 
RTO 
RTO 
RTO 
RTO 
PSEG 
PSEG ;; 
PSEG 

PSEG^l^si; 
PSEG 
PSEG'-'-' '-

PSEG 

fK-yM 
PPL 
PPLiy^il^^;!' 
PPL ' 
PPL"""^:"^' 
PPL 
PPL----•--^; 

Offer Type 
-1 vNon-ctiiipl^d!.; 

Non-coupled 
. iWori-co'upled 1 

Coupled 
. X^upled 

Coupled 

'Coupled 
Non-coupled 

.-Non-coupled 
Non-coupled 

i-^^^-^;Coi]pled 1 
Cojjpled 

•]0'|CoDpled * 
Coupled 

:}:|;^5n-coupled' 
Non-coupled 

::'.:--;̂ '',-:XNd"ii:toup"ledf 
Coupled 

- .I'-ylCoiipled 
Coupled 

3 i;{ ̂ Coupled 

Product Type{s) 

lf'Aiinu^"l':""il;^l;:-l. V^.:"; ''-'•-•• 
Extended Summer 

{̂•-"Limited l ; . ;- ; : , ! . 
Annual and Extended Summer 
Annual a;rid Limited• l - ? - / 
Extended Summer and Limited 
Annual, Extended Summeri and'LiiTiited, 1 
Annual 
Ext^rtded Surnrper ;.-•••:,. -v;:-'i,^;;l.-. ; 'y-
Limited 
Annual and Extended Summer' 
Annual and Limited 

"Extended Summer and Limited 
Annual, Extended Summer, and Limited 
Annual • ._;:_ 
Extended Summer 
Limited 
Annual and Extended Summer 
Annual and Limited 
Extended Summer and Limited 
Annual,:Extended;SumrTier, and Limited :r 

Weighted-Average ($ per MW-day UCAP) 

Annual 
;-'-v"i""i^l.061ir 

$60.02 

. ' " : -::$53.15'' V ^ 
$70.98 

$8273 

$10965 
$4033 

$83 02 

y y L y : ^ S M . y r . 

Extended 
Summer 

$16,19 

$29,87 

$47.97 
••"• $35;97 V--

^;;,„,m?7-"'. 1 

$58 88 

$5875 
$7770 

$3516 

$59 36 

$61.28 
,,, , ^|40,p4 ;,-

Limited 

$24:54 

; - " " ' • : ' ' • : ' • 

$29.82 

"iM3d 

" '$934 

$3142 
$87 95 

~ 

$95i2 

$42.44 
-^•^•,$^.61 

Table 19 Impact of DR product types: 2017/2018 RPM Base Residual Auction 

Product Type 

Actual Auction Results Annual Resources Only 
Clearing Prices Cleared UCAP Clearing Prices Cleared UCAP 
($ per MW-day) (MW) ($ per MW-day) (WIW) 

RTO Limited | 
Extended Summer 

i,-,..: . ,v, l \ .Annuai..". /'i-f;:-;/;^-;, 
RTO Total 
'pStG^'^i ' - ' lJ iTifed'^"^; ' ' ;^ 

Extended Summer 
•''x Annual ^ ' ' i ; ^ 

PSEG Total 
PPL . : - U m i t e d :• 

Extended Summer 
Annual 

PPL Total 

$106.02 

$120.00 

$126311:. 

$261 .M''" 
$215.00 
$215 J30 

$40.00 1 

$53.98 

$120.00 

2,322.1' . 

7,163.3 

,:'-,l|^-518.3":;l;; 

167,003.7 

"1"'""^177.5 •'̂ i:2 
154.8 

.V';:5,778.4l' ' 
6,110.7 
. • 417"-:':: 

183.3 

9,1215 ^ 

9,348.5 

•;.''-il57.86-liiS 

'• '^^•-y^V-,': ' y.- ' --^K'^-

:^ : $220.00- -

,^^-'r-l,'-l 

$157.80 

Sl66,237::i 
166,237.1 

1- 6,103.4 

6,103.4 

10,543.8 

10,543.8 
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Table 20 Impact of Short Term Resource Procurement Target and DR product types: 
2017/2018 RPM Base Residual Auction 

LDA Product Type 

No Short-Term Resource 
Actual Auction Results Procurement Target Reduction 

and Annual Resources Only 
Clearing Prices Cleared UCAP Clearing Prices Cleared UCAP 
($ per MW-day) (MW) ($ per MW-day) (MW) 

WOyy%y.UrrMM^^ 
Extended Summer 

•^"^;:-t\''l"'ii' '-^Annu !̂;,̂ :if":"i:;:-. ''-V:^ 
RTO Total 

SsEG"i:-i.:;"^:Limited:f:iii^^:^?-v-:^>:: 
Extended Summer 

f0ri§y;fyy:;-J^MM ':('?>;-v;̂ K:; ;-\ i • -y /y 
PSEG Total 

Sl&i l t t f UriiiM MyyyS^ify^ 
Extended Summer 

, Arinual : / :l 1 
PPL Totai 

•":::: i::^^:$io6:p2' 
$120.00 

i: 1 -$120.(30 

•;iv ^:$201.02 
$215.00 

>^i:ii:;:^215.60 

'0My$^ ~ 
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Table 21 Impact of demand side products: 2017/2018 RPM Base Residual Auction 

Product Type 
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Table 22 Impact of environmental regulations: 2017/2018 RPM Base Residual Auction 

LDA Product Type 
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Table 23 Impact of capacity imports: 2017/2018 RPM Base Residual Auction 
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Figure 1 RTO marke t supply /demand curves: 2017/2018 RPM Base Residual 

Auctioni"*'™"' 
$600 

40,000 60,000 80,000 100,000 120,000 140,000 160,000 180,000 200,000 
Capacily (Unforced MW) 

'̂ ^ The supply curves presented in this report have all been smoothed using a statistical 
technique that fits a smooth curve to the underlying supply curve data while ensuring that 
the point of intersection between supply and demand curves is at the market dearing price. 
The supply curve includes all offered MW while the prices on the supply curve reflect the 
smoothing method. The final points on the supply curves generally do not match the price of 
the highest price offer as a result of the statistical fitting technique, while the MW do match. 
The smoothed curves are provided consistent with a FERC decision related to the release of 
RPM data. See, e.g.. Motions to Cease and Desist and for Shortened Answer Period of the 
Independent Market Monitor for PJM (March 25, 2010) and Answer of PJM Interconnection, 
L.L.C. to Motion to Cease and Desist (March 30, 2010), filed in Docket No. ER09-1063-000, -
003. 

™ For imcleared coupled DR offers, the offer with the lowest sell offer price within a coupled 
Demand Resource group was assumed in graphing the supply curve. The VRR curve and 
Limited Resource Constraint exclude incremental demand which cleared in PSEG. 

1" The Sub-Annual Resource Constraint was not a binding constraint in RTO in the 2017/2018 
RPM Base Residual Auction. 
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PSEG LDA Market Results 

Table 24 shows total PSEG LDA offer data for the 2017/2018 RPM Base Residual 
Auction. Total internal PSEG LDA unforced capacity of 6,924.7 MW includes all 
Generation Capacity Resources, Demand Resources, and Energy Efficiency Resources 
that qualified as PJM Capacity Resources, excludes external units, and also includes 
owners' modifications to ICAP ratings. As shown in Table 8, PSEG LDA unforced 
internal capacity decreased 1,418.4 MW from 8,343.1 MW in the 2016/2017 BRA as a 
result of net generation capacity modifications (-1,132.4 MW), net DR modifications (~ 
167.9 MW), and net EE modifications (4.4 MW), the EFORd effect due to higher sell offer 
EFORds (-122.1 MW), and the DR and EE effect due to a lower Load Management UCAP 
conversion factor (-0.4 MW). 

All imports offered in the auction from areas external to PJM are modeled as supply in 
the RTO, so total PSEG LDA RPM capacity was the same as the internal capacity of 
6,924.7 MW.112 There were no exports from PSEG LDA. Subtracting 91.6 MW of DR and 
EE not offered resulted in available unforced capacity in PSEG LDA of 6,833.1 MW."3 
After accounting for these exceptions, all capacity resources in PSEG were offered in the 
RPM Auction. 

The PSEG LDA import limit was a binding constraint in the 2017/2018 BRA. Of the 
6,110.7 MW cleared in PSEG LDA, 5,735.1 MW were cleared in the RTO before PSEG 
LDA became constrained. Once the constraint was binding, based on the 6,700.0 MW 
CETL value, only the incremental supply located in PSEG LDA was available to meet 
the incremental demand in the LDA. Of the incremental supply, 375.6 MW cleared, 
which resulted in a clearing price for Extended Summer and Annual Resources of 
$215.00 per MW-day, as shown in Figure 2. The clearing price was determined by the 
intersection of the incremental supply and VRR curve. 

The Limited Resource Constraint was a binding constraint for RTO in the 2017/2018 
BRA, and as a result Linuted Resources in PSEG LDA received a clearing price of 
$201.02 per MW-day. 

112 PJM. "Manual 18: PJM Capacity Market," Revision 24 (July 31,2014), p. 46. 

"^ Unoffered DR and EE MW include PJM approved DR and EE modifications that were not 
offered in the auction. 
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Table and Figures for PSEG LDA 

Table 24 PSEG LDA offer statistics: 2017/2018 RPM Base Residual Auction 
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Figure 2 PSEG LDA market supply/demand curves: 2017/2018 RPM Base Residual 
Auction"* "5 

$600 

3,000 4,000 5,000 

Capacity (Unforced MW) 

PPL LDA Market Results 

Table 25 shows total PPL LDA offer data for the 2017/2018 RPM Base Residual Auction. 
Total internal PPL LDA unforced capacity of 11,072.1 MW includes all Generation 
Capacity Resources, Demand Resources, and Energy Efficiency Resources that qualified 
as PJM Capacity Resources, excludes external units, and also includes owners' 
modifications to ICAP ratings. As shown in Table 8, PPL LDA unforced internal capacity 
increased 501.4 MW from 10,570.7 MW in the 2016/2017 BRA as a result of net 
generation capacity modifications (910.0 MW), net DR modifications (-171.2 MW), and 

11* For imcleared coupled DR offers, the offer with the lowest sell offer price within a coupled 
Demand Resource group was assumed in graphing the supply curve. The VRR curve is 
reduced by the CETL. 

11̂  The Limited Resource Constraint was not a binding constraint in PSEG LDA in the 2017/2018 
RPM Base Residual Auction. 
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net EE modifications (-1.0 MW), the EFORd effect due to higher sell offer EFORds (-236.1 
MW), and the DR and EE effect due to a lower Load Management UCAP conversion 
factor (-0.3 MW). 

All imports offered in the auction from areas external to PJM are modeled as supply in 
the RTO, so total PPL LDA RPM capacity was the same as tiie internal capacity of 
11,072.1 MW."^ There were no exports from PPL LDA. RPM capacity was reduced by 
265.6 MW excused from the RPM must offer requirement. The excused Existing 
Generation Capacity Resources were the result of plans for retirement (265.6 MW). 
Subtracting 78.9 MW of DR and EE not offered, resulted in available unforced capacity 
in PPL LDA of 10,727.6 MW."'' After accounting for these exceptions, all capacity 
resources in PPL LDA were offered in the RPM Auction. 

The PPL LDA import limit was not a binding constraint in the 2017/2018 BRA. The PPL 
LDA Sub-Armual Resource Constraint was binding in tiie 2017/2018 BRA. The Limited 
Resource Constraint was a binding constraint for RTO in the 2017/2018 BRA. As a result, 
the PPL LDA clearing price for Annual Resources was based on the RTO clearing price, 
the PPL LDA clearing price for Extended Summer Resources was based on the PPL Sub-
Annual Resource Price Decrement, and the PPL LDA clearing price for Limited 
Resources was based on both the PPL Sub-Aimual Resource Price Decrement and the 
RTO Limited Resource Price Decrement. See Figure 3. 

n6 PJM. "Manual 18: PJM Capacity Market," Revision 24 (July 31,2014), p. 46. 

"^ Unoffered DR and EE MW include PJM approved DR and EE modifications that were not 
offered in the auction. 
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Table and Figure for PPL LDA 

Table 25 PPL LDA offer statistics: 2017/2018 RPM Base Residual Auction 
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Figure 3 PPL LDA market supply/demand ciurves: 2017/2018 RPM Base Residual 
Auction"811^ 
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"^ For uncleared coupled DR offers, the offer with the lowest sell offer price within a coupled 
Demand Resource group was assumed in graphing the supply curve. The VRR curve is 
reduced by the CETL. 

^̂^ The import liimted and the Limited Resource Constraint were not binding constraints in PPL 
LDA in the 2017/2018 RPM Base Residual Auction. 
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Attachment A 
Clearing Algorithm for RPM Base Residual Auction 

The actual clearing of the RPM Base Residual Auction (BRA) uses a mixed integer 
optimization algorithm. The purpose of the algorithm is to minimize the cost of 
procuring unforced capacity given all applicable requirements and constraints, 
including transmission limits between LDAs, restrictions on coupled sell offers and 
restrictions specified in credit limited offers.̂ ^° The optimization algorithm calculates 
clearing prices, which are derived from the shadow prices of the binding resource 
constraints. 

In the BRA, the locational requirement to purchase capacity takes the form of a 
downward sloping piece-wise linear demand curve called the Variable Resource 
Requirement (VRR) curve. The VRR curve defines the maximum price for a given level 
of capacity procurement within each of the constrained LDAs. In the nested LDA 
structure, the capacity procured towards meeting a child LDA's Variable Resource 
Requirement also satisfies the nested parent LDA's Variable Resource Requirement. A 
part of the capacity procured for the parent LDA may be transferred to the child LDA up 
to the defined Capacity Emergency Transfer Limit (CETL) between the parent LDA and 
the child LDA. For a child LDA, when a CETL constraint binds and limits imports from 
the parent LDA, higher priced offers that would not clear in an unconstrained market 
are required to meet demand in the child LDA. The result is a constrained price for the 
child LDA which is higher than the price for the parent LDA. Accordingly, the shadow 
price associated with this constraint, called the locational price adder, should accurately 
account for the additional cost of meeting the internal requirement for capacity. 
Implementing this constraint for a nested LDA structure, while preserving the linearity 
of the optimization problem, poses a particular computational challenge. 

The RPM algorithm co-optimizes the cost of procuring a child LDA's and the parent 
LDA's capacity to meet their respective Variable Resource Requirements. Since the 
capacity procured for the child LDA jointly satisfies its own and its parent LDA's VRR, 
the parent LDA's VRR curve needs to be reconfigured to take into account the child 
LDA's cleared capacity. Any such reconfiguration may result in a different solution for 
the child LDA. In the RPM algorithm, the mixed integer optimization problem is solved 
iteratively, where after every iteration, the parent LDAs' VRR curves are reconfigured to 
reflect their respective child LDAs' cleared capacity. The process is repeated until an 

2̂0 OATT Attachment DD§ 5.12(a). 
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equilibrium point is reached. The nvethod preserves the mixed integer feature of the 
optimization problem while allowing for incorporation of the resource constraints. 
Under this approach, the price adders are directly obtained as shadow prices of the 
import limit constraints. Prior to the 2017/2018 BRA, the price adders for armual and 
extended summer resources were obtained from the shadow prices associated with the 
respective binding constraints. Effective with the 2017/2018 BRA, PJM replaced the 
minimum requirements for Annual and Extended Summer DR products with limits on 
the maximum amount of Limited and Extended Surruner DR products. As a result, 
effective with the 2017/2018 BRA, the price adder for Armual Resources is obtained as 
the shadow price of the import limit constraint for any constrained child LDA. The price 
adders for Limited and Extended Summer DR products are obtained from the shadow 
prices associated with the respective binding maximum resource constraints. 

In the BRA, Capacity Market Sellers are allowed to specify a minimum level of unforced 
capacity for any resource offered into the auction. If any such inflexible offers are 
marginal or close to marginal, the PJM's RPM algorithm relaxes the minimum bound on 
those offers and re-solves the optimization, thus allowing those offers to clear below the 
specified lower bound. In the BRA, any resource that cleared at a MW level below the 
specified rrunimum level receives a make whole payment for the difference between the 
minimum bound and the unconstrained cleared MW, at the clearing price. However, the 
PJM approach does not consider the additional cost of make-whole payments as part of 
the overall optimization objective. The alternative to clearing an iriflexible offer will 
generally be the clearing of a higher priced offer to satisfy the applicable resource 
requirements without a make whole payment. In tiie MMU's approach, the RPM 
algorithm explicitiy compares solutions with make-whole against solutions without 
make-whole payments to arrive at the optimal solution. 

Possible Reasons for Differences between PJIVI and MIVIU Solutions 

It is possible for the MMU's solution to the BRA optimization problem to differ from 
PJM's solution although these differences are usually small. The following are some of 
the reasons which may contribute to differences between the MMU's solution and PJM's 
solution: 

1. Optimization Tolerance: All mixed integer progranurung solvers use numerical 
methods to determine the optimal solution. These methods are of finite arithmetic 
precision. Therefore, the search path and eventually the final solution depend on the 
chosen tolerance levels. In general, tighter tolerance levels are associated with longer 
computational times. One of the tolerance criteria used by nuxed integer 
programming solvers is specified as a limit on the execution time. When execution 
time is a tolerance criterion, it is possible for solutions to diverge slightly, even with 
identical resource limit criteria, due to differences in the speed of the computers on 
which the solver is run. 
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2. Algorithm: The solution approach involves iteratively solving a mixed integer 
problem to locate the optimal solution given all the applicable business rules. The 
tolerance of the criteria used to evaluate feasible solutions in the iterative approach is 
also likely to affect the final solution. For example, using a slightly different criterion 
for the equilibrium point in the reconfiguration of the parent LDA's VRR curve 
could result in negligible impact on cleared quantities, but the impact on shadow 
prices and consequently marginal clearing prices could be substantial. The iterative 
approach where a sequence of the mixed integer problems are solved, contributes to 
the instability of the final solution. 

3. Non-unique solution: It is possible for tiie BRA optimization problem to have non-
unique solutions. Identical inputs could result in slightly different solutions witii 
exactly the same objective value within the chosen tolerance levels each time the 
solution is calculated. 

Comparison of PJM and MMU Solutions 

The results of tiie 2017/2018 RPM Base Residual Auction conducted by PJM were 
replicated using the MMU's approach. The fotal MW cleared for every nested LDA 
using the MMU's algorithm is within 0.000018 percent of the corresponding total MW 
cleared under PJM's method. The clearing prices using the MMU's approach were 
identical to the corresponding clearing prices under PJM's method. 

Recommendations 

The MMU recommends two changes to the RPM solution methodology that address 
make-whole payments and the iterative reconfiguration of the VRR curve. These 
changes will result in a simpler approach to the optimization problem, which will 
improve the stability, transparency, and manageability of the RPM market clearing. 

The RPM solution method does not explicitly include tiie cost of make-whole payments 
in its objective function. Instead, the model handles inflexible offers as part of an 
iterative process and make-whole payments are determined at the end. Because the 
additional make-whole payments are excluded from the optimization objective function, 
the model does not optimally balance the system to accommodate the extra cost and the 
extra MW of make-whole payments as part of the optimization. The MMU recommends 
changing the RPM solution methodology to explicitly incorporate the cost of make-
whole payments in the objective function. The model would be able to choose tiie lower 
cost option of an inflexible offer and a higher priced flexible offer. The MMU's testing 
has shown that the proposed approach solves as fast and results in a better solution 
defined by overall system benefit. 

Once make-whole payments are incorporated into the optimization model, a 
reevaluation of how Marginal Clearing Prices (MCP) are determined would be required. 
Currentiy, the MCP calculations are based on shadow prices, such that the MCP equals 
the marginal offer price if the marginal offer clears partially and is greater than the 
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marginal offer price if the marginal offer clears wholly. Adding a make-whole variable 
to the model will affect the resulting shadow prices, because the objective function 
internalizes the cost of make-whole payments. As a result, the above condition may no 
longer hold. Therefore, this enhancement necessitates a re-evaluation of how MCPs are 
determined. 

PJM's RPM model uses a nested LDA structure, in which the capacity procured towards 
meeting a child LDA's VRR also satisfies the nested parent LDA's VRR. To respect this 
relationship, the mixed integer optimization problem is solved iteratively, where after 
every iteration, the parent LDAs' VRR curves are reconfigured to reflect their respective 
child LDAs' cleared capacity. The process is repeated until a convergence point, based 
on the difference in cleared capacity for each LDA from one iteration to the next, is 
reached. The purpose of the iterative approach is to jointiy optimize the cost of 
procuring a child LDA's and the parent LDA's capacity to meet their respective VRRs. 
However, the joint optimization can be accomplished more efficiently with a 
simultaneous rather than an iterative approach by defining variables for the nesting 
relationships. The MMU recommends changing the RPM solution methodology to 
define variables for the nesting relationships in the BRA optimization model directly 
rather than employing the current iterative approach, in order to improve the efficiency 
and stability of the solution. 

Illustration of BRA Clearing Algorithm 

The objective function in the auction optimization algorithm is to maximize the area 
between the RTO VRR curve and the supply curve from the origin to the clearing price 
while simultaneously satisfying the LDA import limits and minimum resource 
requirements. The objective ensures that the total cost of procurement is mirumized 
while the highest offer cleared, bounded by the VRR curve, sets the clearing price. The 
auction clearing process is equivalent to choosing the price and quantity that maximize 
total welfare, where the VRR curve is the demand curve and capacity offers are the 
supply curve. 

Figure 4 and Figure 5 show an example child VRR and parent VRR curves. To illustrate 
the price formation in the BRA, two example scenarios are presented. In the first 
scenario, a higher CETL is assumed between the parent LDA and the child LDA. In the 
second scenario, a lower CETL is assumed between the parent LDA and the child LDA. 
Ail other offers and parameters are identical in tiie two scenarios. In both scenarios, only 
one type of resource and only one requirement are considered. ̂ 21 

2̂̂  For simplidty, the minimum annual resource requirement and minimum summer extended 
resource requirement constraints are not included. 
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Figure 4 Variable Resource Requirement Curve: Child LDA 
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Figure 5 Nested Variable Rescturce Requirement Curve: Parent LDA 
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Figure 6 and Figure 7 illustrate the solution for the first scenario. Only 189.1 MW of the 
available 300 MW CETL is utilized. Therefore the CETL constraint is non-binding and 
out of merit offers are not needed to meet the child LDA's Variable Resource 
Requirement. The marginal clearing price for both the parent and child LDA is $120.00. 

Figure 6 Optimal solution for scenario 1: Child LDA 
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(189.1 MW out of avaiiabie 300 MW CETL) 

© Monitoring Analytics 2014 I www.monitoringanalytics.com 70 

http://www.monitoringanalytics.com


Figure 7 Optimal solution for scenario 1: Parent LDA 

Child LDA's cleared VRR, net of imports 

600 800 l.C 

Capacity (Unforced MW) 

1,200 1,400 1.600 

Figure Sand Figure 9 iUustrate the solution for the second scenario. The only difference 
between first and second scenarios is that the CETL is 150 MW in the second scenario 
compared to 300 MW in the first scenario. The solution shows that the entire 150 MW 
available is utilized by the child LDA to import capacity from the parent LDA. Out of 
merit, higher price offers, relative to the ones cleared for the parent LDA, are needed to 
meet tiie Variable Resource Requirement of the child LDA. The shadow price of the 
binding CETL constraint, $13.30 per MW-day, reflects the tradeoff between a clearing a 
resource fiom child LDA against clearing a resource from the parent LDA. The marginal 
clearing prices of the parent LDA and the child LDA are $106.70 and $120.00 per MW-
day. 
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Figure 8 Optimal solution for scenario 2: Child LDA 
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Figure 9 Optimal solution for scenario 2: Parent LDA 
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The Five Competitive Forces That Shape 
Strategy 

TheLkleaJixBriet 
You know rhar to sustain long-term profit-

.ibiiity yoij must respond strategically to 

competit ion. And you naturaiiy keep tabs 

on your established rivals. But as you scan 

the competitive arena, are you also looking 

beyond your direct competitors? As Porter 

explains in this update of his revolutionary 

1979 HBR article, four additional competi­

tive forces can hurt your prospective prol^ts: 

• Sdwy Customers can force down prices 

by playing you and your rivals against 

o^eanotl^e^. 

• Powerful suppliers may constrain your 

profits if they charge higher prices. 

• Aspiring entrants, armed with new ca­

pacity and hungry for market share, can 

ratchet up the investment required for 

you to stay in the game, 

. Substitute offerings can lure customers 

away. 

Consider commefdal aviation: It's one of 

the least profitable industries because ait 

five forces are strong. Established rivals 

compete intensely on price. Customers are 

fickle, searching for the best deal regardless 

of carrier Suppliers—plane and engine 

manufacturers, along with unionized labor 

forces—bargain away the iion's share of air­

lines'profits. New players enter the indus­

try in a constant stream. And substitutes 

are readily available—such as train or car 

travel. 

By analysing all five competitive forces, you 

gain a complete picture of what's influenc­

ing profitability in your industry. You iden­

tify game-changing trends early, so you can 

swiftly exploit them. And you spot ways to 

work around constraints on profitability— 

or even reshape the forces in your favor. 

TheideaJjiEr̂ jctice 
By understanding how the five competitive forces influence pro/irabiiiry in your Jndusrry, you can 

develop a strategy for enhancing your company's long-term profits. Porter suggests the following: 

POSITION YOUR COMPANY W HERE THE 

FORCES ARE WEAKEST 

•• Example: 

in the heavy-truck industry, many buyers 

operate large fleets and are highly moti­

vated to drive down truck prices. Trucks are 

built to regulated standards and offer simi­

lar features, so price competit ion is stiff; 

unions exercise considerable supplier 

power; and buyers can use substitutes such 

as cargo delivery by rail. 

To create and sustain long-term profitability 

within this industry heavy-truck maker Pac­

car chose to focus on one customer group 

where competitive forces are weakest: indi­

vidual drivers who own their trucks and 

contract directly wi th suppliers. These oper­

ators have limited clout as buyers and are 

less price sensitive because of their emo­

tional ties to and economic dependence 

on their own trucks. 

For these customers, Paccar has developed 

such features as luxurious sleeper cabins, 

plush leather seats, and sleek exterior styl­

ing. Buyers can select from thousands of 

options to put their personal signature on 

these built-to-order trucks. 

Customers pay Paccar a 10% premium, and 

the company has been profitable for 68 

straight years and earned a long-run return 

on equity above 20%. 

EXPLOIT CHANGES IN THE FORCES 

> Example: 

With the advent of the Internet and digital 

distribution of music, unauthorized down­

loading created an illegal but potent substi­

tute for record companies' services. The 

record companies tried to develop technical 

platforms for digital distribution themselves, 

but major labels didn't want to sell their 

music through a platform owned by a rival. 

Into this vacuum stepped Apple, w i th its 

iTunes music store supporting its iPod music 

player. The birth of this powerful new gate­

keeper has whittled down the number of 

major labels from six in 1997 to four today 

RESHAPE THE FORCES IN YOUR FAVOR 

Use tactics designed specifically to reduce 

the share of profits leaking to other players. 

For example; 

• To neutralize supplier power, standardize 

specifications for parts so your company 

can switch more easily among vendors, 

• To counter customer power, expand your 

services so it's harder for customers t o leave 

you for a rival, 

• To temper price wars initiated by estab­

lished rivals, invest more heavily in prod­

ucts that differ significantly from competi­

tors'offerings, 

• To scare off new entrants, elevate the fixed 

costs of competing; for instance, by escalat­

ing your R&D expenditures, 

• To limit the threat of substitutes, offer bet­

ter value through wider product accessibil­

ity. Soft-drink producers did this by intro­

ducing vending machines and 

convenience store channels, which dramat­

ically improved the availability of soft drinks 

relative to other beverages. 
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Awareness of the Jive forces can help a company understand the 
structure of its industry and stake out a position that is more profitable 
and less vidnerable to attack. 

The Five Competitive 
Forces That Shape 
Strategy 

by Michael E. Porter 

Editor's Note: In 1979, Harvard Business Review 
published "How Competitive Forces Shape Strat­
egy" by a young economist and associate profes­
sor, Michael E. Porter. It was his first HBR article, 
and it started a revolution in the strategy field. In 
subsequent decades, Porter has brought his sig­
nature economic rigor to the study of competi­
tive strategy for corporations, regions, nations, 
and, more recently, health care and philanthropy 
"Porter's five forces" have shaped a generation of 
academic research and business practice. With 
prodding and assistance from Harvard Business 
School Professor jan Rivkin and longtime col-
leaguejoan Magretta, Porter here reaffirms, up­
dates, and extends the classic work. He also ad­
dresses common misunderstandings, provides 
practical guidance for users of the framework, 
and offers adeeper viewof its implications for 
strategy today-

in essence, the job of the strategist is to under­
stand and cope with competition. Ol^en, how­
ever, managers define competition too nar­
rowly, as if it occurred only among today's 

direct competitors. Yet competition for profits 
goes beyond established industry rivals to in­
clude four other competitive forces as well: 
customers, suppliers, potential entrants, and 
substitute products. The extended rivalry that 
results from all five forces defines an industry's 
structure and shapes the nature of competi­
tive interaction within an industry. 

As different from one another as industries 
might appear on the surface, the underlying 
drivers of profitability are the same. The glo­
bal auto industry, for instance, appears to 
have nothing in common with the worldwide 
market for art masterpieces or the heavily 
regulated health-care delivery industry in Eu­
rope, But to understand industry competition 
and profitability in each of those three cases, 
one must analyze the industry's underlying 
structure in terms of the five forces. (See the 
exhibit "The Five Forces That Shape industry 
Competition.") 

if the forces are intense, as they are in such 
industries as airlines, textiles, and hotels, al­
most no company earns attractive returns on 
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rhe Five Compt i t i t i ve Forces That Shape Strategy 

Michael E. Porter is the Bishop Will­

iam Lawrence University Professor at 

Harvard University, based at Harvard 

Business School in Boston, He is a six-

time McKinsey Award winner, includ­

ing for his most recent HBf̂  article. 

"Strategy and Society,"coauthored 

with Mark R, Kramer {December 2006), 

investment. If the forces are benign, as they are 
in industries such as software, soft drinks, and 
toiletries, many companies are profitable. In­
dustry structure drives competition and profit-
ability, not whether an industry produces a 
product or service, is emerging or mature, high 
tech or low tech, regulated or unregulated. 
While a myriad of factors can affect industry 
profitability in the short run—including the 
weather and the business cycle—industry 
structure, manifested in the competitive forces, 
sets industry profitability in the medium and 
long run. (See the exhibit "Differences in In­
dustry Profitability") 

Understanding the competitive forces, and 
their underiying causes, reveals the roots of an 
industry's current profitabiUty while providing 
a framework for anticipating and influencing 
competition (and profitability) over time. A 
healthy industry structure should be as much a 
competitive concem.to strategists as their com­
pany's own position. Understanding industry 
structure is also essential to effective strategic 
positioning. As we will see, defending against 
the competitive forces and shaping them in a 
company's favor are crucial to strategy. 

Forces That Shape Compet i t ion 
The configuration of the five forces differs by 
industry. In the market for commercial air­
craft, fierce rivalry between dominant produc­
ers Airbus and Boeing and the bargaining 
power of the airlines that place huge orders 
for aircraft are strong, while the threat of en­
try, the threat of substitutes, and the power of 
suppliers are more benign. In the movie the­
ater industry, the proliferation of substitute 
forms of entertainment and the power of the 
movie producers and distributors who supply 
movies, the critical input, are important. 

The strongest competitive force or forces de­
termine the profitability of an industry and be­
come the most important to strategy formula­
tion. The most salient force, however, is not 
always obvious. 

For example, even though rivalry is often 
fierce in commodity industries, it may not be 
the factor limiting profitability. Low returns in 
the photographic film industry, for instance, 
are the result of a superior substitute prod­
uct—as Kodak and Fuji, the world's leading 
producers of photographic film, learned with 
the advent of digital photography. In such a sit­
uation, coping with the substitute product be­

comes the ntmiber one strategic priority. 
Industry structure grows out of a set of eco­

nomic imd technical characteristics that deter­
mine the strength of each competitive force. 
We will examine these drivers in the pages that 
follow, taking the perspective of an incumbent, 
or a company already present in the industry 
The analysis can be readily extended to under­
stand the challenges facing a potential entrant. 

Threatof entry. New entrants to an indus­
try bring new capacity and a desire to gain 
market share that puts pressure on prices, 
costs, and the rate of investment necessary to 
compete. Particularly when new entrants are 
diversifying from other markets, they can le­
verage existing capabilities and cash flows to 
shake up competition, as Pepsi did when it en­
tered the bottled water industry, Microsoft did 
when it began to offer internet browsers, and 
Apple did when it entered the music distribu­
tion business. 

The threat of entry, therefore, puts a cap on 
the profit potential of an industry. When the 
threat is high, incumbents must hold down 
their prices or boost investment to deter new 
competitors. In specialty coffee retailing, for 
example, relatively low entry barriers mean 
that Starbucks must invest aggressively in 
modernizing stores and menus. 

The threat of entry in an industry depends 
on the height of entry barriers that are present 
and on the reaction entrants can expect from 
incumbents. If entry barriers are low and new­
comers expect little retaliation from the en­
trenched competitors, the threat of entry is 
high and industry profitability is moderated. It 
is the threat of entry, not whether entry actu­
ally occurs, that holds down profitability. 

Barriers to entry. Entry barriers are advan­
tages that incumbents have relative to new en­
trants. There are seven major sources: 

1. Supply-side economies of scale. These econ­
omies arise when firms that produce at larger 
volumes enjoy lower costs per unit because 
they can spread fixed costs over more units, 
employ more efficient technology, or com­
mand better terms from suppliers. Supply-
side scale economies deter entry by forcing 
the aspiring entrant either to come into the 
industry on a large scale, which requires dis­
lodging entrenched competitors, or to accept 
a cost disadvantage. 

Scale economies can be found in virtually 
every activity in the value chain; which ones 
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rhe Five Competitive Forces Ttiat Shape Strategy 

are most important varies by industry.̂  In mi­
croprocessors, incumbents such as Intel are 
protected by .scale economies in research, chip 
fabrication, and amsumer marketing. For lawn 
care companies like Scotts Miracle-Gro, the 
most important scale economies are found in 
the supply chain and media advertising- in 
small-package delivery, economies of scale 
arise in national logistical systems and infor­
mation technology. 

2. Demond-side benefits of scale. These bene­
fits, also known as network effects, arise in in­
dustries where a buyer's willingness to pay for 
a company's product increases with the num­
ber of other buyers who also patronize the 
company. Buyers may trust larger companies 
more for a crucial product: Recall the old 
adage that no one ever got fired for buying 
from IBM (when it was the dominant com­
puter maker). Buyers may also value being in a 
"netwock" with a larger number of fellow cus­
tomers. For instance, online auction partici­
pants are attracted to eBay because it offers 
Che most potential trading partners. Demand-
side benefits of scale discourage entry by limit­
ing the willingness of customers to buy from a 
newcomer and by reducing the price the new­
comer can command until It builds up a large 
base of customers. 

3. Customer switching costs. Switching costs 
are fixed costs that buyers face when they 

The Five Forces That Shape Industry Competition 

Rivalry ; , i ^ 
Among 
Existing :g 4̂*> 

Competitors 

Bargaining 
Power of 
Buyers 

change suppliers. Such costs may arise becatise 
a btiyer who switches vendors must, for exam­
ple, alter product specifications, retrain em­
ployees to use a new product, or modify pro­
cesses or information systems. The larger the 
switching costs, the harder it will be for an en­
trant to gain customers. Enterprise resource 
planning (ERP) software is an example of a 
product with very high switching costs. Once a 
company has installed SAP's ERP system, for 
example, the costs of moving to a new vendor 
are astronomical because of embedded data, 
the fact that internal processes have been 
adapted to SAP, major retraining needs, and 
the mission-critical nature of the applications. 

4. Capital requirements. The need to invest 
large financial resources in order to compete 
can deter new entrants. Capital may be neces­
sary not only for fixed facilities but also to ex­
tend customer credit, build inventories, and 
fund start-up losses. The barrier is particularly 
great if the capital is required for unrecover­
able and therefore harder-to-finance expendi­
tures, such as up-front advertising or research 
and development While major corporations 
have the financial resources to invade almost 
any industry, the huge capital requirements in 
certain fields limit the pool of likely entrants. 
Conversely, in such fields as tax preparation 
services or short-haul trucking, capital require­
ments are minimal and potential entrants 
plentiful. 

it is important not to overstate the degree to 
which capital requirements alone deter entry 
!f industry returns are attractive and are ex­
pected to remain so, and if capital markets are 
efficient, investors will provide entrants with 
the funds they need. For aspiring air carriers, 
for instance, financing is available to purchase 
expensive aircraft because of their high resale 
value, one reason why there have been numer­
ous new airlines in almost every region. 

5. Incumbency advantages independent of 
size. No matter what their size, incumbents 
may have cost or quality advantages not avail­
able to potential rivals. These advantages can 
stem fi*om such sources as proprietary technol­
ogy, preferential access to the best raw mate­
rial sources, preemption of the most favorable 
geographic locations, established brand identi­
ties, or cumulative experience that has allowed 
incumbents to learn how to produce more effi­
ciently. Entrants try to bypass such advantages. 
Upstart discounters such as Target and Wal-
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Mart, for example, have located stores in free­
standing sites rather than regional shopping 
centers where established department stores 
were well entrenched, 

6. Unequal access to distribution channels. 
The new entrant must, of course, secure distri­
bution of its product or service, A new food 
item, for example, must displace others from 
the supermarket shelf via price breaks, promo­
tions, intense selling efforts, or some other 
means. The more limited the wholesale or re­
tail channels are and the more that existing 
competitors have tied them up, the tougher 
entry into an industry will be. Sometimes ac­
cess to distribution is so high a barrier that new 
entrants must bypass distribution channels al­
together or create their own. Thus, upstart 
low-cost atriines have avoided distribution 
through travel agents (who tend to favor estab-

lisiied higher-fare carriers) and have encour­
aged passengers to. book their own flights on 
the internet. 

7. Restrictive government policy. Government 
policy can hinder or aid new entry directly, as 
well as amplify (or nullify) the other entry bar­
riers. Government directiy limits or even fore­
closes entry into Industries through, for in­
stance, licensing requirements and restrictions 
on foreign investment. Regulated industries 
like liquor retailing, taxi services, and airlines 
are visible examples. Government policy can 
heighten other entry barriers through such 
means as expansive patenting rules that pro­
tect proprietary technology from imitation or 
environmental or safety regulations that raise 
scale economies facing newcomers. Of course, 
government policies may also make entry eas­
ier—directly through subsidies, for instance, or 

Differences in Industry Profitability 
The average return o'n invested capita) varies markedly from industry to \n6vsiry. Between 1992 and 2006, for example, average return on in­
vested capital in U.S. industries ranged as low as zero or even negative to more than 50%. At the high end are industries like soft drinks and pre­
packaged software, which have been almost six times more profitable than the airline industry over the period. 

Average Return on Invested Capital 
in U.S. industr ies, 1992-2006 

Prof i tabi l i ty of Selected U.S. Industr ies 
AverageROIC, 1992-2006 
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The Five Competitive Forces That Shape Strategy 

indirectly by funding basic research and mak­
ing it available to ail firms, new and old, reduc­
ing scale economies. 

[;ntry barriers should be assessed relative to 
the capabilities of potential entrants, which 
may be start-ups, foreign firms, or companies 
in related industries. And, as some of our ex­
amples illustrate, the strategist must be mind­
ful of the creative ways newcomers might find 
to circumvent apparent barriers. 

l:.xpccted retaliation. How potential entrants 
believe incumbents may react will also influ­
ence their decision to enter or stay out of an 

Industry Analysis in Practice 
Good industry analysis looks rigor­
ously at the structural underpinnings 
of profitability.Afirststep is to under­
stand the appropriate time horizon. 
One of the essential tasks in industry 
analysis is to distinguish temporary or 
cyclical changes from structural 
changes. A good guideline for the appro­
priate time horizon is the full business 
cycle for the particular industry. For 
most industries, a three-to-five-year hori­
zon is appropriate, although in some in­
dustries with long lead times, such as 
mining, the appropriate horizon might 
be a decade or more. It is average profit­
ability over this period, not profitability 
in any particular year, that should be the 
focus of analysis. 

The point of industry analysis is not 
to declare the industry attractive or un­
attractive but to understand the under­
pinnings of competition and the root 
causes of profitability. As much as possi­
ble, analysts should look at industry 
structure quantitatively, rather than be 
satisfied with lists of qualitative factors. 
Many elements of the five forces can be 
quantified", the percentage of the buyer's 
total cost accounted for by the industry's 
product (to understand buyer price sensi­
tivity); Che percentage of industry sales 
required to fill a plant or operate a logisti­
cal network of efficient scale (to help as­
sess barriers to entry); the buyer's switch­
ing cost (determining the inducement an 
entrant or rival mjst offer customers). 

The strength of the competitive 
forces affects prices, costs, and the in­
vestment required to compete; thus 
the forces are directly tied to the in­
come statements and balance sheets of 
industry participants. Industry struc­
ture defines the gap between revenues 
and costs. For example, intense rivalry 
drives down prices or elevates the costs of 
marketing, R&D, or customer service, re­
ducing margins. How much? Strong sup­
pliers drive up input costs. How much? 
Buyer power lowers prices or elevates the 
costs of meeting buyers'demands, such 
as the requirement to hold more inven­
tory or provide financing. How much? 
Low barriers to entry or close substitutes 
limit the level of sustainable prices. How 
much? It is these economic relationships 
that sharpen the strategist's understand­
ing of industry competition. 

Finally, good industry analysis does 
not just list pluses and minuses but 
sees an industry in overall, systemic 
terms. Which forces are underpinning 
(or constraining) today's profitability? 
How might shifts in one competitive 
force trigger reactions in others? Answer­
ing such questions is often the source of 
true strategic insights. 

industry. If reaction is vigorous and protracted 
enough, the profit potential of participating in 
the industry can fall below the cost of capital. 
Incumbents often use public statements and 
responses to one entrant to send a message to 
other prospective entrants about their com­
mitment to defending market share. 

Newcomers are likely to fear expected retali­
ation if: 

• Incumbents have previously responded 
vigorously to new entrants. 

• Incumbents possess substantial resources 
to fight back, including excess cash and unused 
borrowing power, available productive capac­
ity, or clout with distribution channels and cus­
tomers. 

• Incumbents seem likely to cut prices be­
cause they are committed to retaining market 
share at ali costs or because the industry has 
high fixed costs, which create a strong motiva­
tion to drop prices to fill excess capacity. 

• Industry growth is slow so newcomers can 
gain volume only by taking it from incumbents. 

An analysis of barriers to entry and expected 
retaliation is obviously crucial for any com­
pany contemplating entry into a new industry. 
The challenge is to find ways to surmount the 
entry barriers without nullifying, through 
heavy investment, the profitability of partici­
pating in the industry. 

The power of suppliers. Powerful suppliers 
capture more of the value for themselves by 
charging higher prices, limiting quality or ser­
vices, or shifting costs to industry participants. 
Powerful suppliers, including suppliers of la­
bor, can squeeze profitability out of an indus­
try that is unable to pass on cost increases in 
its own prices. Microsoft, for instance, has con­
tributed to the erosion of profitability among 
personal computer makers by raising prices on 
operating systems. PC makers, competing 
fiercely for customers who can easily switch 
among them, have limited freedom to raise 
their prices accordingly. 

Companies depend on a wide range of differ­
ent supplier groups for inputs. A supplier 
group is powerful if: 

• It is more concentrated than the industry it 
sells to. Microsoft's near monopoly in operating 
systems, coupled with the fragmentation of PC 
assemblers, exemplifies this situation. 

• The supplier group does not depend 
heavily on the industry for its revenues. Suppli­
ers serving many industries will not hesitate to 
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extract maximum profits from each one. if a 
particular industry accounts for a large portion 
uf a supplier group's volume or profit, however, 
suppliers will want to protect the industry 
through reasonable pricing and assist in activi­
ties such as K&D and lobbying. 

• industry participants face switching costs 
in changing suppliers. For example, shifting 
suppliers is difficult if companies have invested 
heavily in specialized ancillary equipment or in 
learning how to operate a supplier's equipment 
(as with Bloomberg terminals used by financial 
professionals). Or firms may have located their 
production lines adjacent to a supplier's manu­
facturing facilities (as in the case of some bever­
age companies and container manufacturers). 
When switching costs are high, industry partic­
ipants find it hard to play suppliers off against 
one-another. (Note that suppliers may have 
switching costs as well. This limits their power.) 

• Suppliers offer products that are differen­
tiated. Pharmaceutical companies that offer 
patented drugs with distinctive medical bene­
fits have more power over hospitals, health 
maintenance organizations, and other drug 
buyers, for example, than drug companies of­
fering me-too or generic products. 

• There is no substitute for what the sup­
plier group provides. Pilots' unions, for exam­
ple, exercise considerable supplier power over 
airlines partly because there is no good alterna­
tive to a well-trained pilot in the cockpit. 

• The supplier group can credibly threaten 
to integrate forward into the industry, Jn tliat 
case, if industry participants make too much 
money relative to suppliers, they will induce 
suppliers to enter the market 

The power of buyers. Powerful customers— 
the flip side of powerful suppliers—can cap­
ture more value by forcing down prices, de­
manding better quality or more service (thereby 
driving up costs), and generally playing industry 
participants off against one another, ail at the ex­
pense of industry profitability. Buyers are power­
ful if they have negotiating leverage relative to 
industry participants, especially if they are price 
sensitive, using their clout primarily to pressiu"e 
price reductions. 

As with suppliers, there may be distinct 
groups of customers who differ in bargaining 
power. A customer group has negotiating le­
verage if; 

• There are few buyers, or each one pur­
chases in volumes that are large relative to the 

size of a single vendor. Large-volume buyers are 
particularly powerful in industries with high 
fixed costs, such as telecommunications equip­
ment, offshore drilling, and bulk chemicals. 
High fixed costs and low marginal costs amplify 
the pressure on rivals to keep capacity filled 
through discounting. 

• The industry's products are standardized 
or undifferentiated. If buyers believe they can 
always find an equivalent product, they tend to 
play one vendor against another. 

• Buyers face few switching costs in chang­
ing vendors. 

• Buyers can credibly threaten to integrate 
baclovard and produce the industry's product 
themselves if vendors are too profitable. Pro­
ducers of soft drinks and beer have long con­
trolled the power of packaging manufacturers 
by threatening to make, and at times actually 
making, packaging materials themselves. 

A buyer group is price sensitive ifi 
• The product it purchases from the indus­

try represents a significant fraction of its cost 
structure or procurement budget Here buyers 
are likely to shop around and bargain hard, as 
consumers do for home mortgages. Where the 
product sold by an industry is a small fraction 
of buyers' costs or expenditures, buyers are usu­
ally less price sensitive. 

• The buyer group earns low profits, is 
strapped for cash, or is otherwise under pres­
sure to trim its purchasing costs. Highly profit­
able or cash-rich customers, in contrast are 
generally less price sensitive (that is, of course, 
if the item does not represent a large fi-action of 
their costs). 

• The quality of buyers' products or services 
is little affected by the industry's product. 
Where quality is very much affected by the in­
dustry's product, buyers are generally less price 
sensitive. When purchasing or renting produc­
tion quality cameras, for instance, makers of 
major motion pictures opt for highly reliable 
equipment with the latest features. They pay 
limited attention to price. 

• The industry's product has little effect on 
the buyer's other costs. Here, buyers focus on 
price. Conversely, where an industry's product 
or service can pay for itself many times over by 
improving performance or reducing labor, ma­
terial, or other costs, buyers are usually more 
interested in quality than in price. Examples in­
clude products and services like tax accounting 
or well logging (which measures below-ground 
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conditions of oil welts) that can save or even 
make the buyer money. Similarly, buyers tend 
not to be price sensitive in services such as in­
vestment banking, where poor performance 
can be costly and embarrassing. 

Most sources of buyer power apply equally 
to consumers and to business-to-business cus­
tomers. Like industrial customers, consumers 
tend to be more price sensitive if they are pur­
chasing products that are undifferentiated, ex­
pensive relative to their incomes, and of a sort 
where product performance has liniited conse­
quences. The major difference with consum­
ers is that their needs can be more intangible 
and harder to quantify. 

Intermediate customers, or customers who 
purchase the product but are not the end user 
(such as assemblers or distribution channels), 
can be analyzed the same way as other buyers, 
with one important addition. Intermediate 
customers gain significant bargaining power 
when they can influence the purchasing deci­
sions of customers downstream. Consumer 
electronics retailers, jewelry retailers, and agri­
cultural-equipment distributors are examples 
of distribution channels that exert a strong in­
fluence on end customers. 

Producers often attempt to diminish chan­
nel clout through exclusive arrangements with 
particular distributors or retailers or by mar­
keting dirertly to end users. Component manu­
facturers seek to develop power over assem­
blers by creating preferences for their 
components with downstream customers. 
Such is the case with bicycle parts and with 
sweeteners. DuPont has created enormous 
clout by advertising its Stainmaster brand of 
carpet fibers not only to the carpet mantifac-
turers that actually buy them but also to down­
stream consumers. Many consumers request 
Stainmaster carpet even though DuPont is not 
a carpet manufacturer. 

Thethreatofsubstitutes.A substitute per­
forms the same or a similar function as an in­
dustry's product by a different means. Video­
conferencing is a substitute for travel. Plastic is 
a substitute for aluminum. E-mail is a substi­
tute for express mail. Sometimes, the threat of 
substitution is downstream or indirect, when a 
substitute replaces a buyer industry's product 
For example, lawn-care products and services 
are threatened when multifamily homes in 
urban areas substitute for single-family homes 
in the suburbs. Software sold to agents is 

threatened when airiine and travel websites 
substitute for travel agents. 

Substitutes are always present, but they are 
easy to overlook because they may appear to 
be very different from the industry's product: 
To someone searching for a Father's Day gift, 
neckties and power tools may be substitutes, it 
is a substitute to do without, to purchase a 
used product rather than a new one, or to do it 
yourself (bring the service or product in-
house). 

When the threat of substitutes is high, indus­
try profitability suffers. Substitute products or 
services limit an industry's profit potential by 
placing a ceiling on prices. If an industry does 
not distance itself from substitutes through 
product performance, marketing, or other 
means, it will suffer in terms of profitability— 
and often growth potential. 

Substitutes not only limit profits in normal 
times, they also reduce the bonanza ari indus­
try can reap in good times. In emerging econo­
mies, for example, the surge in demand for 
wired telephone lines has been capped as 
many consumers opt to make a mobile tele­
phone their fiiist and only phone line. 

The threat of a substitute is high ifi 
• It offers an attractive price-performance 

trade-off to the industry's product. The better 
the relative value of the substitute, the tighter 
is the lid on an industry's protit potential. For 
example, conventional providers of long-dis­
tance telephone service have suffered from the 
advent of inexpensive intemet-based phone 
services such as Vonage and Skype. Similarly, 
video rental outlets are struggling writh the 
emergence of cable and satellite video-on-de­
mand services, online video rental services such 
as Netflix, and the rise of internet video sites 
like Google's YouTube. 

• The buyer's cost of switching to the substi­
tute is low. Switching from a proprietary, 
branded drug to a generic drug usually i nvolves 
minimal costs, for example, which is why the 
shift to generics (and the fall in prices) is so sub­
stantial and rapid. 

Strategists should be particularly alert to 
changes in other industries that may make 
them attractive substitutes when they were not 
before. Improvements in plastic materials, for 
example, allowed them to substitute for steel 
in many automobile components. In this way, 
technological changes or competitive disconti­
nuities in seemingly unrelated businesses can 
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have major impacts on industry profitability. 
Of course the substitution threat can also shift 
in favor of an industry, which bodes well for its 
future profitability and growth potential. 

Rivalry among existing competitors. Rivalry 
among existing competitors takes many famil­
iar forms, including price discounting, new 
product introductions, advertising campaigns, 
and service improvements. High rivalry limits 
the profitability of an industry. The degree to 
which rivalry drives down an industry's profit 
potential depends, first, on the intensity with 
which companies compete and, second, on the 
basis on which they compete. 

The intensity of rivalry is greatest if; 
• Competitora are numerous or are roughly 

equal in size and power. In such situations, ri­
vals find it hard to avoid poaching business. 
Without an industry leader, practices desirable 
for the industry as a whole go unenforced. 

• Industry growth is slow. Slow growth pre­
cipitates fights for market share. 

• Exit barriers are high. Exit barriers, the flip 
side of entry barriers, arise because of such 
things as highly specialized assets or manage­
ment's devotion to a particular business. These 
barriers keep companies in the market even 
though they may be earning low or negative re­
turns. Excess capacity remains in use, and the 
profitability of healthy competitors suffers as 
the sick ones hang on. 

• Rivals are highly committed to the busi­
ness and have aspirations for leadership, espe­
cially if they have goals that go beyond eco­
nomic performance in the particular industry. 
High commitment to a business arises for a va­
riety of reasons. For example, state-owned com­
petitors may have goals that include employ­
ment or prestige. Units of larger companies 
may participate in an industry for image rea­
sons or to offer a full line. Clashes of personality 
and ego have sometimes exaggerated rivalry to 
the detriment of profitability in fields such as 
the media and high technology. 

• Firms cannot read each other's signals well 
because of lack of familiarity with one another, 
diverse approaches to competing, or differing 
goals. 

The strength of rivalry reflects not just the 
intensity of competition but also the basis of 
competition. The dimensions on which compe­
tition takes place, and whether rivals converge 
to compete on the same dimensions, have a 
major influence on profitability. 

Rivalry is especially destructive to profitabil­
ity if it gravitates solely to price because price 
competition transfers profits directiy from an 
industry to its customers. Price cuts are usually 
easy for competitors to see and match, making 
successive rounds of retaliation likely. Sus­
tained price competition also trains customers 
to pay less attention to product features and 
service. 

Price comperition is most liable to occur if: 
• Products or services of rivals are nearly 

identical and there are few switching costs for 
buyers. This encourages competitors to cut 
prices to win new customers. Years of airline 
price wars reflect these circumstances in that 
industry. 

• Fixed costs are high and marginal costs are 
low. This creates intense pressure for competi­
tors to cut prices below their average costs, 
even close to their marginal costs, to steal incre­
mental customers while still making some con­
tribution to covering fixed costs. Many basic-
materials businesses, such as paper and alumi­
num, suffer from this problem, especially if de­
mand is not grov^ng. So do delivery companies 
with fixed networks of routes that must be 
served regardless of volume, 

• Capacity must be expanded in large incre­
ments to be efficient The need for large capac­
ity expansions, as in the polyvinyl chloride busi­
ness, disrupts the industry's supply-demand 
balance and often leads to long and recurring 
periods of overcapacity and price cutting. 

• The product is perishable. Perishability 
creates a strong temptation to cut prices and 
sell a product while it still has value. More prod­
ucts and services are perishable than is com­
monly thought. Just as tomatoes are perishable 
because they rot, models of computers are per­
ishable because they soon become obsolete, 
and information maybe perishable if it diffuses 
rapidly or becomes outdated, thereby losing its 
value. Services such as hotel acconunodations 
are perishable in the sense that unused capacity 
can never be recovered. 

Competition on dimensions other than 
price—on product features, support services, 
delivery time, or brand image, for Instance—is 
less likely to erode profitability because it im­
proves customer value and can support higher 
prices. Also, rivalry focused on such dimen­
sions can improve value relative to substitutes 
or raise the barriers facing new entrants. While 
nonprice rivalry sometimes escalates to levels 
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that undermine industry profitability, this is 
less likely to occur than it is with price rivalry. 

As important as the dimensions of rivalry is 
whether rivals compete on the same dimen­
sions. When all or many competitors aim to 
meet the same needs or compete on the same 
attributes, the result is zero-sum competition. 
Here, one firm's gain is often another's loss, 
driving down profitability. While price compe­
tition runs a stronger risk than nonprice com­
petition of becoming zero sum, this may not 
happen if companies take care to segment 
their markets, targeting their low-price offer­
ings to different customers. 

Rivalry can be posirive sum, or actually in­
crease the average profitability of an industry, 
when each competitor aims to serve the needs 
of different customer segments, with different 
mixes of price, products, services, features, or 
brand identities. Such competition can not 
only support higher average profitability but 
also expand the industry, as the needs of more 
customer groups are better met The opportu­
nity for positive-sum competition will be 
greater in industries serving diverse customer 
groups. With a clear understanding of the 
structural underpinnings of rivalry, strategists 
can sometimes take steps to shift the nature of 
competition in a more positive direction. 

Factors, Not Forces 
Industry structure, as manifested in the 
strength of the five competirive forces, deter­
mines the industry's long-run profit potential 
because it determines how the economic 
value created by the industry is divided—how 
much is retained by companies in the industry 
versus bargained away by customers and sup­
pliers, limited by substitutes, or constrained by 
potential new entrants. By considering all five 
forces, a strategist keeps overall structure in 
mind instead of gravitating to any one ele­
ment In addition, the strategist's attention re­
mains focused on structural conditions rather 
than on fleeting factors. 

It is especially important to avoid the com­
mon pitfall of mistaking certain visible at­
tributes of an industry for its underiying struc­
ture. Consider the following: 

Industry growth rate. A common mistake is 
to assume that fast-growing industries are al­
ways attractive. Growth does tend to mute ri­
valry, because an expanding pie offers oppor­
tunities for all competitors. But fast growth 

can put suppliers in a powerftil position, and 
high growth with low entry barriers will draw 
in entrants. Even without new entrants, a high 
growth rate will not guarantee profitability if 
customers are powerful or substitutes are at­
tractive. Indeed, some fast-growth businesses, 
such as personal computers, have been among 
the least profitable industries in recent years. 
A narrow focus on growth is one of the major 
causes of bad strategy decisions. 

Technology and innovation. Advanced tech­
nology or innovations are not by themselves 
enough to make an industry structurally at­
tractive (or unattractive). Mundane, low-tech­
nology industries with price-insensitive buy­
ers, high switching costs, or high entry barriers 
arising from scale economies are often far 
more profitable than sexy industries, such as 
software and internet technologies, that at­
tract competitors.^ 

Government Government is not best un­
derstood as a sixth force because government 
involvement is neither inherently good nor 
bad for industry profitability. The best way to 
understand the influence of government on 
competition is to analyze how specific govern­
ment policies affect the five competitive 
forces. For instance, patents raise barriers to 
entry, boosting industry profit potential. Con­
versely, government policies favoring unions 
may raise supplier power and diminish profit 
potential. Bankruptcy rules that allow failing 
companies to reorganize rather than exit can 
lead to excess capacity and intense rivalry. 
Government operates at multiple levels and 
through many different policies, each of 
which will affect structure in different ways. 

Complementary products and services. 
Complements are products or services used to­
gether with an industry's product Comple­
ments arise when the customer benefit of two 
products combined is greater than the sum of 
each product's value in isolation. Computer 
hardware and software, for instance, are valu­
able together and worthless when separated. 

In recent years, strategy researchers have 
highlighted the role of complements, espe­
cially in high-technology industries where they 
are most obvious.̂  By no means, however, do 
complements appear only there. The value of a 
car, for example, is greater when the driver also 
has access to gasoline stations, roadside assis­
tance, and auto insurance. 

Complements can be important when they 
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uiffect the overall demand for an industry's 
product. However, like government policy, 
complements are not a sixth force determining 
industry profitability since the presence of 
strong complements is not necessarily bad (or 
good) for industry profitability. Complements 
affect profitability through the way they Influ­
ence the five forces. 

The strategist must trace the positive or neg­
ative influence of complements on all five 
forces to ascertain their impact on profitability. 
The presence of complements can raise or 
lower barriers to entry. In application software, 
for example, barriers to entry were lowered 
when producers of complementary operating 
system software, notably Microsoft, provided 
tool sets making it easier to write applications. 
Conversely, the need to attract producers of 
complements can raise barriers to entry, as it 
does in video game hardware. 

The presence of complements can also affect 
the threat of substitutes. For instance, the need 
for appropriate fueling stations makes it diffi­
cult for cars using alternative fuels to substi­
tute for conventional vehicles. But comple­
ments can also make substitution easier For 
example, Apple's iTunes hastened the substitu­
tion from CDs to digital music. 

Complements can factor into industry ri­
valry either positively (as when they raise 
switching costs) or negatively (as when they 
neutralize product differenriation). Similar 
analyses can be done for buyer and supplier 
power. Sometimes companies compete by al­
tering conditions in complementary industries 
in their favor, such as when videocassette-re-
corder producer JVC persuaded movie studios 
to favor its standard in issuing prerecorded 
tapes even though rival Sony's standard was 
probably superior from a technical standpoint 

Identifying complements is part of the ana-
lysfs work. As with government policies or im­
portant technologies, the strategic significance 
of complements will be best understood 
through the lens of the five forces. 

Changes in Industry Structure 
So far, we have discussed the competitive 
forces at a single point in time. Industry struc­
ture proves to be relatively stable, and indus­
try profitability differences are remarkably 
persistent over time in practice. However, in­
dustry structure is constantly undergoing 
modest adjustment—and occasionally it can 

change abruptly. 
Shifts in structure may emanate trom out­

side 3n industry or from within. They can 
boost the industry's profit potential or reduce 
it. They may be caused by changes In technol­
ogy, changes in customer needs, or other 
events. The five competitive forces provide a 
framework for identifying the most important 
industry developments and for anticipating 
their impact on industry attractiveness. 

Shifting threat of new entry. Changes to any 
of the seven barriers described above can raise 
or lower the threat of new entry. The expira­
tion of a patent, for instance, may unleash new 
entrants. On the day that Merck's patents for 
the cholesterol reducer Zocor expired, three 
pharmaceutical makers entered the market 
for the drug. Conversely, the proliferation of 
products in the ice cream industry has gradu­
ally filled up the limited freezer space in gro­
cery stores, making it harder for new ice cream 
makers to gain access to distribution in North 
America and Europe. 

Strategic decisions of leading competitors 
often have a major impact on the threat of en­
try. Starting in the 1970s, for example, retailers 
such as Wal-Mart, Kmart, and Toys "R" Us 
began to adopt new procurement, distribution, 
and inventory control technologies with large 
fixed costs, including automated distribution 
centers, bar coding, and point-of-sale termi­
nals. These investments increased the econo­
mies of scale and made it more difficult for 
small retailers to enter the business (and for ex­
isting small players to survive). 

Changing supplier or buyer power. As the 
factors underiying the power of suppliers and 
buyers change with time, their clout rises oc 
declines. In the global appliance industry, for 
instance, competitors including Electrolux, 
General Electric, and Whirlpool have been 
squeezed by the consolidation of retail chan­
nels (the decline of appliance specialty stores, 
for instance, and the rise of big-box retailers 
like Best Buy and Home Depot in the United 
States). Another example is travel agents, who 
depend on airlines as a key supplier. When the 
internet allowed airlines to sell tickets directly 
to customers, this significantly increased their 
power to bargain down agents' commissions. 

Shifting threat of substitution. The most com­
mon reason substitutes become more or less 
threatening over time is that advances in tech­
nology create new substitutes or shift price-
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performance comparisons in one direction or 
the tJthet The earliest microwave ovens, for 
example, were large and priced above $2,000, 
making them poor substitutes for conven­
tional ovens. With technological advances, 
they became serious substitutes. Flash com­
puter memory has improved enough recently 
to become a meaningful substitute for low-ca­
pacity hard-disk drives. Trends in the availabil­
ity or performance of complementary produc­
ers also shift the threat of substitutes. 

Newbasesof rivalry. Rivalry often intensi­
fies naturally over time. As an industry ma­
tures, growth slows. Competitors become 
more alike as industry conventions emerge, 
technology diffuses, and consumer tastes con­
verge. Industry profitability falls, and weaker 
competitors are driven from the business. This 
story has played out in industry after industry; 
televisions, snowmobiles, and telecommunica­
tions equipment are just a few examples. 

A trend toward intensifying price competi­
tion and other forms of rivalry, however, is by 
no means inevitable. For example, there has 
been enormous competitive activity in the U.S. 
casino industry in recent decades, but most of 
it has been positive-sum competition directed 
toward new niches and geographic segments 
(such as riverboats, trophy properties, Native 
American reservations, international expan­
sion, and novel customer groups like families). 
Head-to-head rivalry that lowers prices or 
boosts the payouts to winners has been lim­
ited. 

The nature of rivalry in an industry is al­
tered by mergers and acquisitions that intro­
duce new capabilities and ways of competing. 
Or, technological innovation can reshape ri­
valry. In the retail brokerage industry, the ad­
vent of the internet lowered marginal costs 
and reduced differentiation, triggering far 
more intense competition on commissions and 
fees than in the past 

In some industries, companies turn to merg­
ers and consolidation not to improve cost and 
quality but to attempt to stop intense competi­
tion. Eliminating rivals is a risky strategy, how­
ever The five competitive forces tell us that a 
profit windfall from removing today's competi­
tors often attracts new competitors and back­
lash from customers and suppliers. In New 
York banking, for example, the 1980s and 1990s 
saw escalating consolidations of commercial 
and savings banks, including Manufacturers 

Hanover, Chemical, Chase, and Dime Savings. 
Ikit today the retail-banking landscape of Man­
hattan is as diverse as ever, as new entrants 
such as Wachovia, Bank of America, and Wash­
ington Mutual have entered the market. 

Implications for Strategy 
Understanding the forces that shape industry 
competition is the starting point for develop­
ing strategy. Every company should already 
know what the average profitability of its in­
dustry is and how that has been changing over 
time. The five forces reveal why industry prof­
itability is what it is. Only then can a company 
incorporate industry conditions into strategy. 

The forces reveal the most significant aspects 
of the competitive environment. They also pro­
vide a baseline for sizing up a company's 
strengths and weaknesses: Where does the 
company stand versus buyers, suppliers, en­
trants, rivals, and substitutes? Most impor­
tantly, an understanding of industry structure 
guides managers toward fruitfiil possibilities 
for strategic action, which may include any or 
all of the following: positioning the company 
to better cope with the current competitive 
forces; anticipating and exploiting shifts in the 
forces; and shaping the balance of forces to cre­
ate a new industry structure that is more favor­
able to the company. The best strategies ex­
ploit more than one of these possibilities. 

Positioning the company. Strategy can be 
viewed as building defenses against the com­
petitive forces or finding a position in the in­
dustry where the forces are weakest Consider, 
for instance, the posirion of Paccar in the mar­
ket for heavy trucks. The heavy-truck industry 
is structurally challenging. Many buyers oper­
ate large fleets or are large leasing companies, 
with both the leverage and the motivation to 
drive down the price of one of their largest 
purchases. Most trucks are built to regulated 
standards and offer similar features, so price 
competition is rampant Capital intensity 
causes rivalry to be fierce, especially during 
the recurring cyclical downturns. Unions exer­
cise considerable supplier powet Though 
there are few direct substitutes for an i8-
wheeler, truck buyers face important substi­
tutes for their services, such as cargo delivery 
by rail. 

In this setting, Paccar, a Bellevue, Washing­
ton-based company with about 20% of the 
North American heavy-truck market, has cho-
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Using the five forces 

framework, creative 

strategists may be able to 

spot an industry with a 

good future before this 

good future is reflected in 

the prices of acquisition 

candidates. 

sen to focus on one group of customers: owner-
operators—drivers who own their trucks and 
contract directly with shippers or serve as sub-. 
contractors to larger trucking companies. Such 
small operators have limited clout as truck 
btiyers. T)iey are also less price sensitive be­
cause of their strong emotional ties to and eco­
nomic dependence on the product. They take 
great pride in their trucks, in which they spend 
most of their time. 

Paccar has invested heavily to develop an 
array of features with owner-operators in 
mind: luxurious sleeper cabins, plush leather 
seats, noise-insulated cabins, sleek exteriot styl­
ing, and so on. At the company's extensive net­
work of dealers, prospective buyers use soft­
ware to select among thousands of options to 
put their personal signature on their trucks. 
These customized trucks are built to order, not 
to stock, and delivered in six to eight weeks. 
Paccar's trucks also have aerodynamic designs 
that reduce fuel consumption, and they main­
tain their resale value better than other trucks. 
Paccar's roadside assistance program and IT-
supported system for distributing spare parts 
reduce the time a truck is out of service. All 
these are crucial considerations for an owner-
operator. Customers pay Paccar a to% pre­
mium, and its Kenworth and Peterbilt brands 
are considered status symbols at truck stops. 

Paccar illush-ates the principles of position­
ing a company within a given industry struc­
ture. The firm has found a portion of its indus­
try where the competitive forces are weaker— 
where it can avoid buyer power and price-
based rivalry. And it has tailored every single 
part of the value chain to cope well with the 
forces in its segment As a result, Paccar has 
been profitable for 68 years straight and has 
earned a long-run return on equity above 20%. 

In addition to revealing positioning opportu­
nities within an existing industry, the five 
forces framework allows companies to rigor­
ously analyze entry and exit Both depend on 
answering the difficult question: "What is the 
potential of this business?" Exit Is indicated 
when industry structure is poor or declining 
and the company has no prospect of a superior 
positioning. In considering entry into a new in­
dustry, creative strategists can use the frame­
work to spot an industry with a good future 
before this good future is reflerted in the 
prices of acquisition candidates. Five forces 
analysis may also reveal industries that are not 

necessarily attractive for the average entrant 
but in which a company has good reason to be­
lieve it can surmount entry barriers at lower 
cost than most firms or has a unique ability to 
cope with the industry's competitive forces. 

Exploiting industry change. Industry changes 
bring the opportunity to spot and claim prom­
ising new strategic positions if the strategist 
has a sophisticated understanding of the com­
petitive forces and their underpinnings. Con­
sider, for instance, the evolution of the music 
industry during the past decade. With the ad­
vent of the internet and the digital distribu­
tion of music, some analysts predicted the 
birth of thousands of music labels (that is, 
record companies that develop artists and 
bring their music to market). This, the analysts 
argued, would break a pattern that had held 
since Edison invented the phonograph: Be­
tween three and six major record companies 
had always dominated the industry. The inter­
net would, they predicted, remove distribu-
don as a barrier to entry, unleashing a flood of 
new players into the music industry. 

A careful analysis, however, would have re­
vealed that physical distribution was not the 
crucial barrier to entry. Rather, entry was 
barred by other benefits that large music labels 
enjoyed. Large labels could pool the risks of de­
veloping new artists over many bets, cushion­
ing the impact of inevitable failures. Even 
more important, they had advantages in break­
ing through the clutter and getting their new 
artists heard. To do so, they could promise 
radio stations and record stores access to well-
known artists in exchange for promotion of 
new artists. New labels would find this nearly 
impossible to match. The major labels stayed 
the course, and new music labels have been 
rare. 

This is not to say that the music industry is 
structurally unchanged by digital distriburion. 
Unauthorized downloading created an illegal 
but potent substitute. The labels tried for years 
to develop technical platforms for digital distri­
bution themselves, but major companies hesi­
tated to sell their music through a platform 
owned by a rival, into this vacuiun stepped 
Apple with its iTunes music store, launched in 
2003 to support its iPod music playet By per­
mitting the creation of a powerful new gate­
keeper, the major labels allowed industry 
structure to shift against them. The number of 
major record companies has actually de-
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clined—from six in 1997 to four today—as 
companies struggled to cope with the digital 
phenomenon. 

When industry structure is in flux, new and 
promising competitive positions may appear. 
Structural changes open up new needs and 
new ways to serve existing needs. Established 
leaders may overiook these or be constrained 
by past strategies from pursuing them. Smaller 
comperitors in the industry can capitalize on 
such changes, or the void may well be filled by 
new entrants. 

Shaping industry structure. When a com­
pany exploits structural change, it is recogniz­
ing, and reacting to, the inevitable. However, 
companies also have the ability to shape in­
dustry structure. A firm can lead its industry 
toward new ways of competing that alter the 
five forces for the better. In reshaping struc­

ture, a company wants its competitors to fol­
low so that the entire iridustry will be trans­
formed. While many industry participants 
may benetit in the process, the innovator can 
benefit most if it can shift competition in di­
rections where it can excel. 

An industry's structure can be reshaped in 
two ways: by redividing profitability in favor of 
incumbents or by expanding the overall profit 
pool. Redividing the industry pie aims to in­
crease the share of profits to industry competi­
tors instead of to suppliers, buyers, substitutes, 
and keeping out potential entrants. Expanding 
the profit poo! involves increasing the overall 
pool of economic value generated by the in­
dustry in which rivals, buyers, and suppliers 
can all share. 

Redividing profitability. To capture more pro­
fits for industry rivals, the starting point is to 

Defining the Relevant Industry 
Defining the industry in which competition 
actually takes place is important for good in­
dustry analysis, not to mention for develop­
ing strategy and setting business unit bound­
aries. Many strategy errors emanate from 
mistaking the relevant industry, defining it 
too broadly or too narrowly. Defining the in­
dustry too broadly obscures difl'erences 
among products, customers, or geographic 
regions that are important to competition, 
strategic positioning, and profitabifity. Defin­
ing the industry too narrowly overlooks com­
monalities and linkages across related prod­
ucts or geographic markets that are crucial to 
competitive advantage. Also, strategists must 
be sensitive to the possibility that industry 
boundaries can shift. 

The boundaries of an industry consist of 
two primary dimensions. First is the scope of 
products or services. For example, is motor oil 
used in cars part of the same industry as 
motor oti used in heavy trucks and stationary 
engines, or are these different industries? The 
second dimension is geographic scope. Most 
industries are present in many parts of the 
world. However, is competition contained 
within each state, or is it national? Does com­
petition take place within regions such as Eu­
rope or North America, or is there a single glo­
bal industry? 

The five forces are the basic tool to resolve 

these questions, if industry structure for two 
products is the same or very similar (that is, if 
they have the same buyers, suppliers, barriers 
to entry, and so forth), then the products are 
best treated as being part of the same indus­
try. If industry structure differs markedly, how­
ever, the two products may be best under­
stood as separate industries. 

In lubricants, the oil used in cars is similar 
or even identical to the oil used in trucks, but 
the similarity largely ends there. Automotive 
motor oil is sold to fragmented, generally un­
sophisticated customers through numerous 
and often powerful channels, using extensive 
advertising. Products are packaged in small 
containers and logistical costs are high, neces­
sitating local production. Truck and power 
generation lubricants are sold to entirely dif­
ferent buyers in entirely different ways using a 
separate supply chain. Industry structure 
(buyer power, barriers to entry, and so forth) is 
substantially different. Automotive oil is thus a 
distinct industry from oi! for truck and station­
ary engine uses. Industry profitability will dif­
fer in these two cases, and a lubricant com­
pany will need a separate strategy for 
competing in each area. 

Differences in the five competitive forces 
also reveal the geographic scope of competi­
tion. If an industry has a similar structure in 
every country (rivals, buyers, and so on), the 

presumption is that competition is global, and 
the five forces analyzed from a global perspec­
tive will set average profitability. A sing le glo­
bal strategy is needed. If an industry has quite 
different structures in different geographic re­
gions, however, each region may well be a dis­
tinct industry. Otherwise, competition would 
have leveled the differences. The five forces an­
alyzed for each region will set profitabi lity 
there. 

The extent of differences in the five forces 
for related products or across geographic 
areas is a matter of degree, making industry 
definition often a matter of judgment A rule 
of thumb is that where the differences in any 
one force are large, and where the differences 
involve more than one force, distinct indus­
tries may well be present 

Fortunately, however, even if industry 
boundaries are drawn incorrectly, careful five 
forces analysis should reveal important com­
petitive threats. A closely related product 
omitted from the industry definition will show 
up as a substitute, for example, or competitors 
overlooked as rivals will be recognized as po­
tential entrants. At the same time, the five 
forces analysis should reveal major differences 
within overly broad industries that will indi­
cate the need to adjust industry boundaries or 
strategies. 
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determine which force or forces are currently 
constraining industry profitability and address 
them. A company can potenrially infiuence all 
of the competitive forces. The strategist's goal 
here is to reduce the share of profits that leak 
to suppliers, buyers, and subsritutes or are sac­
rificed to deter entrants. 

To neutralize supplier power, for example, a 
firm can standardize specificarions for parts to 
make it easier to switch among suppliers. It 
can cultivate additional vendors, or alter tech­
nology to avoid a powerful supplier group alto­
gether. To counter customer power, companies 
may expand services that raise buyers' switch­
ing costs or find alternative meansof reaching 
customers to neutralize powerful channels. To 
temper profit-eroding price rivalry, companies 
can invest more heavily in unique products, as 
pharmaceutical firms have done, or expand 
support services to customers. To scare off en­
trants, incumbents can elevate the fixed cost of 
competing—for instance, by escalating their 
R&D or marketing expenditures. To limit the 
threat of substitutes, companies can offer bet­
ter value through new features or wider prod­
uct accessibility. When soft-drink producers in­
troduced vending machines and convenience 
store channels, for example, they dramatically 
improved the availability of soft drinks relative 

Typical Steps in Industry Analysis 
Define the relevant industry: 

• What products are in it? Which ones 
are part of another distinct indus­
try? 

• What is the geographic scope of 

competition? 

Identify the participants and segment 
them into groups, if appropriate: 

Who are 
• the buyers and buyer groups? 
• the suppliers and supplier groups? 
• the competitors? 
• Che substitutes? 
- the potential entrants? 

Assess the underiying drivers of each 
competitive force to determine which 
forces are strong and which are weak 
and why. 

Determine overall industry structure, 
and test the analysis for consistency: 

• kV/iy is the teveiof profitability what 
it is? 

• Which are the controlling forces for 
profitability? 

• Is the industry analysis consistent 
with actual long-run profitability? 

•• Are more-profitable players better 
positioned in relation to the five 
forces? 

Analyze recent and likely future 
changes in each force, both positive 
and negative. 

identify aspects of industry strurture that 
might be influenced by competitors, by 
new entrants, or by your company. 

to other beverages. 
Sysco, the largest food-service distributor in 

North America, offers a revealing example of 
how an industry leader can change the struc­
ture of an industry for the better. Food-service 
distributors purchase food and related items 
from farmers and food processors. They then 
warehouse and deliver these items to restau­
rants, hospitals, employer cafeterias, schools, 
and other food-service institutions. Given low 
barriers to entry, the food-service distribution 
industry has historically been highly frag­
mented, with numerous local competitors. 
While rivals try to cultivate customer relation­
ships, buyers are price sensitive because food 
represents a large share of their costs. -Buyers 
can also choose the substitute approaches of 
piuchasing directly from manufacturers or 
using retail sources, avoiding distributors alto-
gethen Suppliers wield bargaining powen 
They are often large companies with strong 
brand names that food preparers and consum­
ers recognize. Average profitability in the in­
dustry has been modest. 

Sysco recognized that, given its size and na­
tional reach, it might change this state of af­
fairs. It led the move to introduce private-label 
distributor brands with specifications tailored 
to the food-service market, moderating sup­
plier power. Sysco emphasized value-added 
services to buyers such as credit, menu plan­
ning, and inventory management to shift the 
basis of competition away from just price. 
These moves, together writh stepped-up invest­
ments in information technology and regional 
distribution centers, substantially raised the 
bar for new entrants while making the substi­
tutes less attractive. Not surprisingly, the in­
dustry has been consolidating, and industry 
profitability appears to be rising. 

Industry leaders have a special responsibilify 
for improving industry structure. Doing so 
often requires resources that only large players 
possess. Moreover, an improved industry struc­
ture is a public good because it benefits every 
firm in the industry, not just the company that 
initiated the improvement. Often, it is more in 
the interests of an industry leader than any 
other participant to invest for the common 
good because leaders will usually benefit the 
most Indeed, improving the industry may be a 
leader's most profitable strategic opportunity, 
in part because attempts to gain further mar­
ket share can trigger strong reactions from ri-
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Common Pitfalls 
In conducting the analysis avoid 
the following common mistakes: 

• Defining the industry too 
broadly or too narrowly, 

. Making lists instead of engaging 
in rigorous analysis. 

• Paying equal attention to all of 
the forces rather than digging 
deeply into the most important 
ones. 

• Confusing effect (price sensitiv­
ity) with cause (buyer econom­
ics). 

• using static analysis thatignores 
industry trends. 

• Confusing cyclical ortransient 
changes with true structural 
changes. 

• using the framework to declare 
an industry attractive or unat­
tractive rather than using it to 
guide strategic choices. 

vals, customers, and even suppliers. 
There is a dark side to shaping industry 

structure that is equally important to under­
stand. Ill-advised changes in competitive posi­
tioning and operating practices can undermine 
industry structure. Faced with pressures to 
gain market share or enamored with innova­
tion for its own sake, managers may trigger 
new kinds of competition that no incumbent 
can win. When tal<ing actions to improve their 
own company's competitive advantage, then, 
strategists should ask whether they are setting 
in motion dynamics that will undermine indus­
try structure In the long run. In the eariy days 
of the personal computer industry, for in­
stance, IBM tried to make up for its late entry 
by offering an open architecture that would set 
industry standards and attract complementary 
makers of application software and peripher­
als. In the process, it ceded ownership of the 
critical components of the PC—the operating 
system and the microprocessor—to Microsoft 
and Intel. By standardizing PCs, it encouraged 
price-based rivalry and shifted power to suppli­
ers. Consequently, IBM became the tempo­
rarily dominant firm in an industry with an en-
duringly unattractive structure. 

Expanding tfie profit pool. When overall de­
mand grows, the industry's quality level rises, 
intrinsic costs are reduced, or waste is elimi­
nated, the pie expands. The total pool of value 
available to competitors, suppliers, and buyers 
grows. The total profit pool expands, for exam­
ple, when channels become more competitive 
or when an industry discovers latent buyers 
for its product that are not currently being 
served. When soft-drink producers rational­
ized their independent bottler networks to 
make them more efficient and effective, both 
the soft-drink companies and the bottlers ben­
efited. Overall value can also expand when 
firms work collaboratively with suppliers to 
improve coordination and limit unnecessary 
costs incurred in the supply chain. This lowers 
the inherent cost structure of the industry, al­
lowing higher profit, greater demand through 
lower prices, or both. Or, agreeing on quality 
standards can bring up industrywide quality 
and service levels, and hence .prices, benefiting 
rivals, suppliers, and customers. 

Expanding the overall profit pool creates 
win-win opportunities for multiple industry 
participants. It can also reduce the risk of de­
structive rivalry that arises when incumbents 

attempt to shift bargaining power or capture 
more market share. However, expanding the 
pie does not reduce the importance of industry 
structure. Mow the expanded pie is divided will 
ultimately be determined by the five forces. 
The most successful companies are those that 
expand the industry profit pool in ways that 
allow them to share disproportionately in the 
benefits. 

Defining the industry. The five competitive 
forces also hold the key to defining the rele­
vant industry (or industries) in which a com­
pany competes. Drawing industry boundaries 
correctly, around the arena in which competi­
tion actually takes place, will clarify the causes 
of profitability and the appropriate unit for 
setting strategy, A company needs a separate 
strategy for each distinct industry. Mistakes in 
industry definition made by competitors 
present opportunities for staking out superior 
strategic positions. (See the sidebar "Defining 
the Relevant Industry,") 

Competition and Value 
The competitive forces reveal the drivers of in­
dustry competition. A company strategist who 
understands that competition extends well be­
yond existing rivals will detect wider competi­
tive threats and be better equipped to address 
them. At the same time, thinking comprehen­
sively about an industry's structure can un­
cover opportunities: differences in customers, 
suppliers, subsritutes, potential entrants, and 
rivals that can become the basis for disrinct 
strategies yielding superior performance. In a 
world of more open comperition and relent­
less change, it is more important than ever to 
think structurally about competition. 
Understanding industry structure is equally 
important for investors as for managers. The 
five competitive forces reveal whether an in­
dustry is truly attractive, and they help inves­
tors anticipate positive or negative shifts in in­
dustry structure before they are obvious. The 
five forces distinguish short-term blips from 
structural changes and allow investors to take 
advantage of undue pessimism or optimism. 
Those companies whose strategies have indus­
try-transforming potential become far clearet 
This deeper thinking about competition is a 
more powerful way to achieve genuine invest­
ment success than the financial projections 
and trend extrapolation that dominate today's 
investment analysis. 
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If both executives ,ind investors looked -it 
competition this way, capital markets would be 
a far more effective force for company success 
and economic prosperity. Executives and inves­
tors would both be focused on the same funda­
mentals that drive sustained profitability. The 
conversation between investors and execu­
tives would focus on the structural, not the 
transient Imagine the improvement in com­
pany performance—and in the economy as a 
whole—if all the energy expended in "pleasing 
the Street" were redirected toward the factors 
that create true economic value. 

1. Tor .1 liiscus^Joii uf ihe value i:!uiin frnmewiirk, see 
Michael E, i 'oni:! , Compi-iitive Aclvonioge: Creating; and Siis-
taining Superior I'crformnnce (The Free Press, 1998). 

2. For a discussiun of how internet lethnology improves the 
attractiveness of some industries wtiile eroding the protit-
ability of others, see Michael E. Porter, "Strategy nnd the 
Internet" ( t i i lR, March j oo i ) . 

3. Sec, for instance, Ad.im M. Brandenburner .md Barry J. 
NalebufftCo'dpeCicion (Currency Doubleday, 1996). 
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A R T I C L E 
What Is Strategy? 
by Michael E, Porter 
Harvard Business Review 
February 2000 
Product no. 4134 

for hospitals, doctors, health plans, employers, 
and policy makers, this book shows how to 
move to a positive-sum competition that will 
unleash stunning improvements in quality 
and efficiency. 

By analyzing the five competitive forces, you 
uncover opportunities to position your com­
pany strategically; that is, to gain a sustainable 
advantage over rivals by preserving what's 
distinctive about your company. Your strategic 
position hinges on performing different activi­
ties from competitors or performing similar 
activities, bm in different ways. It emerges 
from three sources: 1) serving few needs of 
many customers (for example, Jiffy Lube pro­
vides only auto lubricants), 2) serving broad 
needs of few customers (BessemerTrust tar­
gets only very high-wealth clients), or 3) serv­
ing broad needs of many customers in a nar­
row market (Carmike Cinemas operates only 
in cities with a population under 200,000). 

B O O K S 
Redefining Health Care: Creating Value-
Based Competition on Results 
by Michael E. Pori:erand 
Elizabeth Olmsted Teisberg 
Harvard Business School Press 
May 2006 
Product no. 7782 

In this book Porter and Teisberg analyze the 
competitive forces responsible for the current 
crisis in U.S. health care.The authors argue 
that panicipants in the health care system 
have competed to shift costs, accumulate bar­
gaining power, and restrict services rather 
than create value for patients. This zero-sum 
competition takes place at the wrong level— 
among health plans, networks, and hospi­
tals—rather than where it matters most; in the 
diagnosis, treatment, and prevention of spe­
cific health conditions. Redefining Health Care 
lays out a breakthrough framework for rede­
fining health care competition based on pa­
tient value. With specific recommendations 

On Competition 

by Michael E. Porter 
Harvard Business School Press 
SeptembenggS 
Product no. 7951 

Porter's work, which began with his original 
formulation of the five forces, has defined our 
fundamental understanding of competition 
and competitive strategy This book is a com­
pilation of a dozen Porter articles: two new ar­
ticles and ten ofhis articles from Harvard Busi­
ness Review.Together, these essays provide a 
complete picture of Porter's perspective on 
modern competition. Organized around three 
primary categories: Competition and Strategy: 
Core Concepts, The Competitiveness of Loca­
tion, and Competitive Solutions to Societal 
Problems, these articles develop the building 
blocks that define competitive strategy. 
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