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PJM provides the following documents and information for the Department’s consideration as it 
prepares its Report in response to the Secretary’s Memorandum of April 14, 2017. 

At the outset, PJM believes clarification of terms would be helpful.  The Memorandum states in 
part:  

“Baseload power is necessary to a well-functioning electric grid.” 

The term “baseload power”  has evolved over time. Notably, NERC’s Glossary of Terms does not 
refer to any particular source of generation when defining “baseload.”1  Bulk electric system reliability is 
based on matching generation to load on a continuous basis.  As a result, investment signals are as 
critical for ensuring the development of peaking and mid-merit units as they are for baseload. 2  

“Baseload” can generally be thought of as those units which operate the great majority of hours 
of the year to meet load requirements.  Given the reduction in gas prices, we have seen a noticeable 
inversion in the types of units which clear in the market in the off-peak hours and thus fit the traditional 
notion of “baseload.”  Specifically, due to low energy prices and the overall efficiency of the units, 
combined cycle natural gas units are dispatched as baseload with coal units more often being cycled and 
thus dispatched in what has traditionally been deemed “mid-merit” units.  A detailed description of this 
trend over time can be found in the 2016 State of the Market Report for PJM produced by the PJM 
Independent Market Monitor.  That document can be accessed at: 
http://www.monitoringanalytics.com/reports/PJM State of the Market/2016/2016-som-pjm-sec3.pdf  

Specifically, page 92 of that Report states: 

“Generation Fuel Mix. In 2016, coal units provided 33.9 percent, nuclear units 34.4 percent and 
natural gas units 26.5 percent of total generation. Compared to 2015, generation from coal units 
decreased 3.3 percent, generation from natural gas units increased 18.3 percent and generation from 
nuclear units increased 0.2 percent.” 

Marginal Resources. In the PJM Real-Time Energy Market, in 2016, coal units were 44.9 percent 
of marginal resources and natural gas units were 43.8% of marginal resources. In 2015, coal units were 
51.7 percent and natural gas units were 35.5 percent of the marginal resources.”  

With these thoughts in mind, PJM submits the following information to assist the Department in 
response to the issues raised in the April 14 Memorandum.  

April 14 Memorandum: Issue #1---“The evolution of wholesale electricity markets, including 
the extent to which federal policy interventions and the changing nature of the electricity fuel mix are 
challenging the original policy assumptions that shaped the creation of those markets. 

In 2016, PJM undertook an extensive analysis comparing the results from moving to an 
organized  competitive market structure as compared to those parts of the country  which remained 

1 The NERC Glossary of Terms defines “baseload” as:  The minimum amount of electric power delivered 
or required over a given period at a constant rate.” 
2 In fact, capacity markets in the eastern RTOs are designed, among other things, to reflect the fact that 
a peaking unit that operates only a few hours a year may not achieve its needed revenues solely through 
depending on those hours when it is actually  called upon to meet high load demands.  
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with a vertically integrated structure. The report analyzed the impacts on investment in generation as 
well as customer costs and thus addressed whether the ‘original policy assumptions that shaped the 
creation of those markets’ have produced the intended results.3  That report can be accessed at:  

http://www.pjm.com/~/media/library/reports-notices/special-reports/20160505-resource-investment-
in-competitive-markets-paper.ashx 

Relevant passages from the report’s Executive Summary are highlighted as follows: 

“The questions raised with regard to decisions and outcomes related to the changing nature of 
the supply portfolio in PJM can be summarized as:  

Can we rely on PJM’s organized wholesale electricity market to efficiently and reliably manage 
the entry and exit of supply resources as external forces create tremendous uncertainty and 
potential industry transformation?  

The goal of this paper is to answer this question…. 

Entry of New Resources 

The markets do well in attracting new entry at an efficient cost. Competition lowers costs and excludes 
technologies with inappropriately high costs. Markets transparently evaluate the economics of proposed 
projects, and projects that are uneconomical are not built. Importantly, in the market paradigm risk is 
shouldered and managed by the supplier, not the customer. A financial analysis based on tools of 
modern portfolio theory was undertaken to try to quantify (in broad terms) the value customers receive 
in avoiding such risk. This analysis indicates that allowed returns on equity in regulated generation are 
notably higher than the models would predict given the lower risks relative to merchant investors.  

Strong evidence supports the belief that markets are providing adequate returns to incent new 
generation investment where warranted. For the Base Residual Auctions in PJM’s capacity market 
occurring between 2010-2015, approximately 24,000 MW of new generation were cleared and 
committed. Markets are driving innovation in many technologies resulting in lower capital and operating 
costs. That such a large volume of new investment is occurring demonstrates that investors see 
opportunities for sufficient returns.  

Innovation 

PJM markets provide an accommodating, transparent environment that allows any project or technology 
to demonstrate its value to the customer based on the combination of capital costs, risks and value, 
which collectively determine whether a project will flourish or fail fairly based on its merit. Markets do 
well in pricing operational attributes and innovations of new technologies – generation, storage or 
demand side – that provide the desired attributes more effectively and economically. Many investment 
risks can be efficiently managed through financing structures and through hedging tools available in PJM 
markets and through instruments that have evolved in the greater “ecosystem” of supporting bilateral 
and exchange-traded commodity markets.  

3 In response to Issue #3, PJM provides specific statistics relevant to the impact of the renewable production tax 
credit on pricing in the PJM market and its consequent impact on nuclear units.  
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Exit of Resources 

No evidence suggests the PJM markets inadequately compensate legacy units and thus are forcing a 
premature retirement of economically viable generators. PJM’s markets are producing prices that are 
efficiently and reliably signaling the exit of uneconomic legacy resources and the entry of efficient, new 
resources. A statistical examination of retirement data in PJM compared to regulated environments 
refutes any assertion that PJM markets are prematurely retiring economically viable generation. When 
faced with similar capital investment requirements, generator retirements are roughly comparable in 
market and regulated environments.  

In PJM, the decision to shutter a generating station, perhaps before the end of its operationally useful life 
or the term of its operating permit, is based on market forces – more precisely the owner’s assessment of 
whether the market will provide revenues sufficient to meet the facility’s going-forward operating costs. 
PJM’s markets produce transparent prices that provide clear benchmarks for evaluating the continuing 
economic viability of generation, even for utilities and regulators in those PJM states that have retained 
a traditional, rate-base regime.  

Markets and Public Policy 

Realizing the “investment efficiency” advantages of PJM markets can require policymakers to accept 
tough choices and trade-offs because efficient market outcomes may inflict harm to other policy 
objectives. Policymakers must weigh these trade-offs but should understand that pursuing individual 
actions that defeat efficient market outcomes can thwart effective operation of the market. One likely 
result is that the market no longer can be relied upon to efficiently and effectively provide price signals to 
achieve efficient and reliable resource entry and exit. This paper acknowledges the widespread existence 
of subsidies of all sorts that influence PJM market outcomes.  

 PJM’s mission is to provide for a reliable and efficient wholesale power supply. The markets it designs 
and administers to accomplish this mission do not necessarily promote and may even conflict with other 
valid public policy interests that state and federal lawmakers and regulators may pursue to meet 
environmental, social and political interests distinct from the markets’ singular mission to deliver the 
most cost-efficient resources needed to serve customers reliably.  

Although PJM markets are efficiently and reliably handling a changing resource mix resulting from forces 
currently affecting the industry, PJM’s continuing ability to deploy market forces to handle this 
responsibility is threatened if actions taken by lawmakers and regulators to promote other policy 
interests are pursued in a way that materially distorts price outcomes in PJM’s capacity and energy 
markets. 

April 14 Memorandum Issue #2---“Whether wholesale energy and capacity market are 
adequately compensating attributes such as on-site fuel supply and other factors that strengthen grid 
resilience and, if not, the extent to which this could affect grid reliability and resilience in the future”;  

In 2014 events which occurred during the Polar Vortex highlighted issues surrounding generator 
performance and the availability of on-site fuel supply.  PJM recognized that its then-existing capacity 
market rules needed to be strengthened both to: 
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a. highlight through performance requirements, the need for generating units which serve as
designated capacity resources to have firm fuel available in order to meet their performance 
requirements; and  

b. ensure that there is a clear price signal valuing the attribute of on-site fuel or firm fuel
availability. 

PJM’s proposal did not seek to manage the fuel practices of the generators but instead used 
both increased compensation as well as performance requirements (with penalties for non-
performance) in order to incent the procurement of firm fuel supplies.  Units such as nuclear and coal 
which, by definition, already had on-site fuel were able to receive the additional compensation under 
PJM’s Capacity Performance construct and have that attribute recognized through the enhanced 
Capacity Performance product.  

Links to PJM’s submittal to FERC and FERC’s Order re: same is listed below: 

Capacity Market CP filing - http://pjm.com/media/documents/etariff/FercDockets/1368/20141212-
er15-623-000.pdf 

Energy Market CP Filing - http://pjm.com/media/documents/etariff/FercDockets/1369/20141212-el15-
29-000.pdf 

Initial Order - http://pjm.com/Media/documents/ferc/2015-orders/20150609-er15-623-000-el15-29-
000-and-er15-623-001.pdf 

Rehearing Order - http://pjm.com/Media/documents/ferc/orders/2016/20160510-er15-623-002-et-
al.pdf 

In addition, PJM prepared an analysis of the costs and benefits of its proposal. That analysis can 
be found at: 

http://pjm.com/~/media/committees-groups/committees/elc/postings/capacity-performance-cost-
benefit-analysis.ashx 

PJM has seen specific physical improvements undertaken by generation owners ranging from 
installation or expansion of dual fuel capability to securing additional firm natural gas supplies from 
multiple pipeline sources.  

Moreover, the Independent Market Monitor for PJM analyzes the net revenue generating units 
receive as compared to their avoidable costs as a measure of the overall profitability of generation units 
by fuel type. The net revenue calculation has oscillated over the years given its high dependency on fuel 
prices. The net revenue calculation for 2016 can be found at the 2016 State of the Market Report at: 
http://www.monitoringanalytics.com/reports/PJM State of the Market/2016/2016-som-pjm-sec7.pdf 

Given rising fuel prices in 2017 for both coal and natural gas, the most recent net revenue 
calculations broken down by fuel type will be released shortly and will be provided to the DOE as a 
supplement to this submittal.  
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April 14 Memorandum Issue #3---“The extent to which continued regulatory burdens, as well 
as mandates and tax and subsidy policies, are responsible for forcing the premature retirement of 
baseload power plants.” 

Tax and subsidy policies have had an impact on the economics of certain types of generation. 
Specifically, the wind and solar production tax credits have had the most significant impact on nuclear 
generation.  Nuclear and wind generation are competing to clear in the market during off-peak hours 
when wind resources are the strongest and load is reduced.  In those off-peak hours, the production tax 
credit has created an incentive for renewable resources to bid negative prices as they must run in order 
to receive their payment from the federal treasury.4  Since 2014, PJM has seen prices go negative at 
nuclear unit buses in approximately 2,176 hours representing 14.3% of all off-peak hours.5 

4 As a result of recent federal legislation, the production tax credit has been converted into a direct payment of 
cash option to reflect that the market for tax credits has been reduced in recent years.  
5 The Independent Market Monitor for PJM has outlined its own views on the harmful impact of subsidies. Its 
analysis can be found at http://www.monitoringanalytics.com/reports/PJM State of the Market/2016/2016-
som-pjm-sec1.pdf 
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Preface and Caveats 
This report is the latest activity in an initiative originally designed to examine the 
performance and benefits of Regional Transmission Organizations (RTO) and 
Independent System Operators (ISO).  The initiative arose in response to a 2008 
Government Accountability Office (GAO) report recommending that the Federal Energy 
Regulatory Commission (FERC) do more to track the performance and benefits of RTO 
and ISO markets.1  The previous report in this initiative, issued in August 2014, 
established a set of common performance metrics for evaluating the performance of 
RTOs and ISOs and individual utilities in regions outside of RTOs and ISOs (referred to 
hereinafter as “non-RTOs and ISOs,” “non-RTO and ISO respondents,” or “non RTO and 
ISO utilities”) in areas where these entities perform identical functions.  These 
performance metrics cover both reliability and system operations activities.   

The source of data for this report is primarily information collected from RTOs and ISOs 
and non-RTOs and ISOs under Information Collection FERC-922, “Performance Metrics 
for ISOs, RTOs and Regions Outside ISOs and RTOs” (Office of Management and 
Budget Control No. 1902-0262).  Other market-specific data were voluntarily submitted 
by the six Commission-jurisdictional RTOs and ISOs.  Consistent with past practice in 
this initiative, respondents submitted information on a voluntary basis.  Six RTOs and 
ISOs responded,2 along with seven non-RTO and ISO utilities.  Commission staff greatly 
appreciates the efforts of those who contributed information to this initiative.   

The report contains analyses, presentations, and conclusions that, unless otherwise noted, 
are based on or derived from the data provided by respondents, but do not necessarily 
reflect the positions or conclusions of the respondents themselves.  Furthermore, the 
opinions and views expressed in this report do not necessarily represent those of the 
Commission, its Chairman, or individual Commissioners, and are not binding on the 
Commission.  Any errors are those of Commission staff. 

                                              
1 U.S. Gov’t Accountability Off., GAO #08-987, Gov’t Accountability Off. Report 

to the Committee on Homeland Security and Government Affairs, U.S. Senate; 
Electricity Restructuring:  FERC Could Take Additional Steps to Analyze Regional 
Transmission Organizations’ Benefits and Performance (2008) (2008 GAO Report). 

2 The six Commission-jurisdictional RTOs and ISOs responded.  These are as 
follows:  California Independent System Operator Corporation (CAISO); ISO New 
England Inc. (ISO-NE); Midcontinent Independent System Operator, Inc. (MISO); New 
York Independent System Operator, Inc. (NYISO); PJM Interconnection, L.L.C. (PJM); 
and Southwest Power Pool, Inc (SPP). 
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The metrics used in this report pertain to both RTOs and ISOs and non-RTOs and ISOs.  
However, several limitations preclude all but the most basic observations about the 
metrics submitted by RTOs and ISOs relative to those submitted by non-RTOs and ISOs.  
While the intent behind these metrics is to compare areas in which RTOs and ISOs and 
non-RTOs and ISOs perform identical functions, Commission staff notes that there are 
significant differences in the scale of operations performed by the largest RTOs and ISOs 
as compared to non-RTO and ISO respondents with relatively smaller service territories 
(e.g., PJM’s footprint covers territory in 13 states and the District of Columbia,3 whereas 
Arizona Public Service Company’s territory covers 11 counties in Arizona).4  These data 
limitations and differences must be carefully considered when comparing metrics-related 
information submitted by RTOs and ISOs and non-RTOs and ISOs.  As such, 
Commission staff has largely avoided drawing these types of comparisons. 

In addition, these metrics do not capture some of the potential benefits that are difficult to 
isolate and measure, e.g., benefits created by providing opportunities for input by a broad 
range of stakeholders. 

 

  

                                              
3 California Independent System Operator Corporation; ISO New England Inc.; 

Midcontinent Independent System Operator, Inc.; New York Independent System 
Operator; PJM Interconnection, L.L.C.; and Southwest Power Pool, Inc. October 30, 
2015 Filing, at 279 (October 2015 RTO and ISO Metrics Report). 

4 Arizona Public Service Company November 5, 2015 Filing, at 1 (November 
2015 APS Metrics Report).  
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Executive Summary 
This report contains a review of performance metrics for RTOs and ISOs as well as non-
RTO and ISO utilities for the period from 2010-2014. 

Key Insights Regarding RTOs and ISOs 
 
RTOs and ISOs managed the dispatch of energy from a diverse set of generating 
fuel-types from 2010-2014.  RTOs and ISOs manage the scheduling and deployment of 
different resource types through day-ahead and real-time energy markets, which operate 
as market clearing auctions that establish commitment and dispatch schedules subject to 
system constraints.  RTOs and ISOs report managing the dispatch of energy from varying 
fuel sources from 2010-2014; as seen in Figure 1, most RTOs and ISOs report managing 
an increasing share of energy from renewable generation and fluctuations in the relative 
amounts of energy provided by natural gas-fired generation and coal-fired generation. 

Figure 1:  Share of total generation by fuel type, 2010-2014. 

Source:  Commission staff based on information collection FERC-922.  
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This report contains the following sections:   

• Background, which briefly summarizes the history of the common metrics 
initiative; 

• Common Metrics Review, which reviews the metrics data submitted by 
RTOs and ISOs and non-RTO and ISO respondents; 

• Other Metrics, which reviews data responsive to metrics specific to RTO 
and ISO markets;  

• Appendix A, which contains detailed descriptions of the 30 common 
metrics; and  

• Appendix B, which summarizes recent studies that have quantified certain 
RTO and ISO benefits that the metrics do not cover. 

II. Background 

In May 2007, Senators Joseph I. Lieberman and Susan M. Collins of the U.S. Senate 
Committee on Homeland Security and Governmental Affairs requested that the GAO 
investigate RTO and ISO costs, structure, processes, and operations.6  In a September 
2008 Report to the U.S. Senate Committee on Homeland Security and Governmental 
Affairs, the GAO recommended that FERC work with RTOs, ISOs, stakeholders and 
other interested parties to develop standardized measures to track the performance of 
RTO and ISO operations and markets; report on those measures; and interpret how the 
measures communicate evidence of RTO and ISO benefits or performance concerns.7 

Commission staff developed the common metrics initiative in response to the 2008 GAO 
Report.  The evolution of the initiative included Commission staff taking steps to meet 
five objectives.  These objectives, as described in FERC’s Fiscal Year 2009-2014 
Strategic Plan, include:  (1) developing appropriate operational and financial metrics for 
RTOs and ISOs; (2) exploring and developing appropriate operational and financial 
metrics for non-RTO and ISO utilities; (3) establishing appropriate common metrics 

                                              
6 The Senators made this request in a May 21, 2007 letter to the GAO.  The letter 

expressed the Senators’ concern that RTOs and ISOs may not be living up to their full 
potential with respect to improving efficiencies and reducing costs, and that RTOs and 
ISOs might not have adequate incentives to minimize costs.   

7 See 2008 GAO Report at 56, 59-61.   
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between RTOs and ISOs and non RTO and ISO utilities; (4) monitoring implementation 
and performance; and (5) evaluating performance and seeking changes, as necessary.8   

In April 2011, after establishing metrics for RTOs and ISOs under the first objective, the 
then-Chairman’s Office submitted a Report to Congress summarizing RTO and ISO 
performance for the years 2005-2009.9  To meet the second objective, Commission staff 
issued a report on performance in regions outside RTOs and ISOs in October 2012.10  An 
August 2014 Commission Staff report11 satisfied the third, fourth, and fifth objectives by 
establishing, implementing, and evaluating a set of common metrics.  This report 
represents a continuation of the fifth objective. 

III. Common Metrics Review 

A. Reliability Metrics 

1. NERC Reliability Standards Compliance 

a. References to Applicable NERC Standards 

This metric provides an overview of the North American Electric Reliability Corporation 
(NERC) standards that are applicable to each respondent.  Each respondent submitted a 
table identifying applicable NERC functional model registrations.12  As shown in Tables 
2 and 3, there are several areas in which the respondents perform similar functions.  For 
example, most respondents are registered balancing authorities and transmission 

                                              
8 FERC, The Strategic Plan: FY 2009-2014 (Revised 2013), at 13, 

http://www.ferc.gov/about/strat-docs/FY-09-14-strat-plan-print.pdf. 

9 FERC, Performance Metrics For Independent System Operators and Regional 
Transmission Organizations, Docket No. AD10-5-000, at 5 (2011); see also FERC, 2010 
ISO/RTO Performance Metrics Commission Report, Docket No. AD10-5-000 (2010).  

10 FERC, Performance Metrics In Regions Outside ISOs and RTOs Commission 
Staff Report, Docket No. AD12-8-000 (2012).   

11 FERC, Common Metrics Commission Staff Report, Docket No. AD14-15-000 
(2014), http://www.ferc.gov/legal/staff-reports/2014/ad14-15-performance-metrics.pdf. 

12 The timing of snapshots of each respondent’s functional model registrations did 
not coincide, e.g., ISO-NE’s submittal represents registrations as of the end of 2013; 
NYISO’s submittal represents registrations as of the end of 2014, and APS’ submittal 
represents registrations as of August 2015. 
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i. Number of violations 

The number of violations metric measures both the number of violations and how these 
violations were reported (e.g., self-reported or reported in audits).  Mandatory reliability 
standards only apply based on the NERC functional model categories for which each 
entity is registered.  As a result of the variety of categories, different reliability standards 
apply to different RTOs and ISOs and to different non-RTO and ISO respondents.    

As shown in Figure 5,14 PJM reports the highest total number of violations for the 2010-
2014 reporting period.  Most of PJM’s violations were self-reported, as is generally the 
case across both RTO and ISO and non-RTO and ISO respondents.  Because PJM is the 
registered Transmission Operator for the PJM region, PJM executive management has the 
ultimate decision-making authority to determine whether a potential violation has 
occurred and whether PJM must submit a self-report to NERC the relevant Regional 
Entity.15    

When comparing across entities, it is important to note that it is difficult to draw 
conclusions based on the relative magnitude of self-reported violations.  Differences in 
self-reported violations may or may not correspond to underlying differences in 
performance. 

  

                                              
14 Figure 5 shows total violations reported by each respondent for the 2010-2014 

period.  Responses are not shown by year, as the year in which a violation is made public 
may not correspond to the year in which a respondent self-reported a violation or was 
subject to an audit or spot-check. 

15 Id. 
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Among non-RTO and ISO respondents, APS reports load shedding associated with the 
September 2011 Pacific Southwest outage.19  No other non-RTO and ISO respondents 
report load shedding during the 2010-2014 reporting period. 

2. Dispatch Reliability 

Dispatch reliability metrics measure the performance of dispatch operations in 
maintaining steady-state frequency within defined limits by balancing power demand and 
supply in real time, as well as the availability of systems that perform real-time 
monitoring and security analysis functions.   

a. Control Performance Standard 1 (CPS1) 

CPS1 is a statistical measure of Area Control Error20 variability.  This standard measures 
Area Control Error in combination with the interconnection’s frequency error.21  
Balancing authorities must achieve a minimum CPS1 compliance of 100 percent over a 
12 month period.22  As shown in Figure 6, each RTO and ISO respondent achieved CPS1 
compliance for calendar years 2010-2014.   

Among the non-RTO and ISO respondents, only LG&E/KU and PAC submitted annual 
CPS1 values, demonstrating compliance with CPS1 requirements for calendar years 
2010-2014.  APS;23 the Duke Energy respondents (DEC, DEF, and DEP);24 and SOU25 
                                              

19 November 2015 APS Metrics Report at 6. 

20 NERC defines Area Control Error as the instantaneous difference between a 
balancing authority’s net actual and scheduled interchange, taking account of frequency 
bias and meter error.  See NERC, Glossary of Terms Used in NERC Reliability Standards 
7 (Apr. 2016). 

21 NERC defines frequency error as the difference between actual and scheduled 
frequency.  See NERC, Glossary of Terms Used in NERC Reliability Standards 44 (Feb. 
2016), http://www.nerc.com/files/glossary_of_terms.pdf. 

22 When a balancing authority’s frequency is exactly on schedule or Area Control 
Error is zero, CPS1 equals 200 percent.  The CPS1 calculation is structured such that, if a 
balancing authority’s Area Control Error is proportionally as “noisy” as a benchmark 
frequency noise, that balancing authority’s CPS1 would equal 100 percent.  See NERC, 
Balancing and Frequency Control 33-34 (Jan. 2011), 
http://www.nerc.com/docs/oc/rs/NERC%20Balancing%20and%20Frequency%20Control
%20040520111.pdf.   

23 November 2015 APS Metrics Report at 6. 
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the incurrence of commitment costs.  The more accurate a respondent is in forecasting 
load, the greater the likelihood that it can commit sufficient resources in a cost-effective 
manner that avoids over-commitment of resources, inefficient commitment of short lead 
time resources, and under-utilization of available resources. 

The wind forecast accuracy metric measures the percentage accuracy of actual wind 
availability compared to day-ahead forecasted wind availability.  Accurate wind 
forecasting facilitates the timely commitment and dispatch of sufficient supplemental, 
non-wind resources. 

Figure 9 summarizes the load forecast accuracy and wind forecast accuracy metrics data 
submitted by each respondent.  The wind forecast metric is not applicable for certain 
utilities that do not perform wind forecasting functions because they have little to no 
wind generation interconnected with their systems.   
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unscheduled flows provide information relevant to operational planning that is part of a 
comprehensive reliability assessment for an RTO and ISO or utility.36  When 
unscheduled flows exceed system operating limits, curtailments could occur, hindering 
efficient scheduling of the grid.   

Unscheduled flows vary among the reporting entities.  Table 4 reviews the unscheduled 
flows data submitted by each respondent.  The data are not normalized across 
respondents and therefore do not take account of differences in the size of each system.   

  

                                                                                                                                                  
flows on a particular interconnection between two balancing authorities.  Unscheduled 
flows may also reflect the difference between scheduled and actual flows on a contract 
path, either between or within balancing authorities. 

36 The two components of unscheduled flows are (1) inadvertent energy, defined 
as the difference between actual and scheduled interchange for all interties; and (2) 
parallel flow (or loop flow), defined as the difference between scheduled and actual flows 
on a contract path.  Parallel flows are a function of grid conditions and the physical 
characteristics of the transmission system. 

































Docket No.  AD14-15-000 - 42 - 

The intended calculation methodology for this common metric is one minus the system 
forced outage rate over 12 months.76  However, respondents’ submissions reveal the use 
of a variety of calculation methodologies, including effective forced outage rate-demand 
(EFORd), forced outage rate, and dividing megawatts of unavailable capacity by 
maximum capacity, among others.  Due to concerns about the comparability of the 
responses received, Commission staff does not include a graphical comparison of the 
availability metric.  Individual responses for this metric are accessible in the submittals 
from respondents in Docket No. AD14-15-000. 

2. Fuel Diversity 

a. Generating Capacity by Fuel Type 

This metric measures the fuel-type mix of installed generating capacity.  This metric 
provides insight into the different types of generating capacity installed in different 
regions.  Generating capacity mix of certain regions reflects increasing percentages of 
renewable and natural gas-fired capacity and flat or declining percentages of coal-fired 
capacity.77  Figure 18 illustrates the percentage capacity shares by fuel type in RTOs and 
ISOs and non-RTOs and ISOs, respectively.  For purposes of comparison across 
respondents, Figure 18 aggregates hydroelectric and renewable capacity into a single 
category, and similarly groups natural gas and oil-fired capacity into a single category.78  
When evaluating these figures, it is important to consider that individual non-RTO and 
ISO respondents tend to have fewer resources in their footprints compared with the 
largest RTOs and ISOs.   

  

                                              
76 See Comment Request, Docket No. AD14-15-000 at 17 (May 20, 2015).  

77 The specific trends differ across regions. 

78 Some respondents aggregated multiple fuel types into single categories, while 
others provided more disaggregated data. 
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Among non-RTO and ISO respondents, PAC reports the highest total percentage of 
renewable and hydroelectric generating capacity.  Commission staff also notes that a 
number of non-RTO and ISO respondents report significant shares of capacity associated 
with purchased power, which could include renewables and other unidentified sources of 
generation.  For PAC, the purchased power category represents non-renewable net 
purchases, but PAC’s “other” category includes capacity related to certain renewable fuel 
types. 

ii. Natural gas/oil-fired generating capacity 

Among RTOs and ISOs, CAISO, ISO-NE, and SPP each report more natural gas-fired 
capacity than other fuel types from 2010-2014.  MISO reports natural gas-fired capacity 
in combination with oil-fired capacity.  The share of natural gas and oil-fired capacity in 
MISO increased significantly, from 31.3 percent in 2010 to 41.7 percent in 2014, as a 
number of utilities in the Gulf Coast region joined MISO in December, 2013.  In the 
process, MISO transitioned from a majority coal-fired capacity mix in 2010 to a majority 
natural gas and oil-fired capacity mix in 2014.  NYISO also reports that the New York 
Control Area has become increasingly dependent on natural gas and dual-fuel generating 
units,79 although the share of natural gas and oil-fired generation increased modestly in 
NYISO, from 60.7 percent in 2010 to 61.2 percent in 2014. 

Among non-RTO and ISO respondents, DEF reports the largest share of natural gas/oil-
fired capacity during the reporting period.  DEP, SOU, and PAC all report significant 
increases in the percentage of natural gas/oil-fired capacity.80 

iii. Coal-fired generating capacity 

PJM, MISO, and SPP report the highest shares of coal-fired generating capacity among 
RTOs and ISOs.  Coal-fired generators accounted for the largest share of installed 
capacity in PJM from 2010-2014, ranging from a high of 42 percent in 2011 to a low of 
39.7 percent in 2014.  MISO reports that coal-fired generating capacity represented the 
largest share of generating capacity from 2010-2012, prior to the integration of MISO-
South. 

Across all RTO and ISO and non-RTO and ISO respondents, LG&E/KU report the 
largest share of coal-fired generating capacity (coal-fired generating capacity represented 

                                              
79 October 2015 RTO and ISO Metrics Report at 260. 

80 For SOU and PAC, this category represents natural gas-fired generating 
capacity.   
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more than 70 percent of the total capacity mix in LG&E/KU in each year from 2010-
2014).   

iv. Nuclear generating capacity 

Across all respondents, CAISO reports the largest change in the share of nuclear 
generating capacity, declining from 7.8 percent in 2010 to 3.5 percent in 2014, which is 
attributable to the retirement of the San Onofre Nuclear Generating Station (SONGS).    

b. Generation by Fuel Type  

This metric measures the percentage mix of fuel types used to generate electricity 
(generation fuel diversity).  The metric provides an indication of the level of integration 
of fuels with different characteristics, such as fuels with lower costs or lower 
environmental impacts.  The mix of fuels used to generate electricity in a given time 
period follows from, among other factors, the types of generating capacity in service and 
conditions in fuel markets.  Figure 19 shows the share of generation by fuel type from 
2010-2014 as reported by respondents.   
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Figure 19:  Share of total generation by fuel type . 

 
Source:  Commission staff based on information collection FERC-922. 
Notes:  (1) SPP provided minor corrections to rounding errors in its original submittal via email correspondence on 
January 5, 2016.  These include revising the 2014 share of natural gas-fired generation from 19.03 percent to 19.04 
percent, and revising the 2010 share of hydro and renewables generation from 5.5 percent to 5.4 percent.  The figure 
reflects the revised values.  (2) Several non-RTO/ISO utilities report generation from purchased power, which may 
include a variety of fuel types.  (3) PAC’s “Other” category reflects waste heat and other sources which include 
biomass, biogas, geothermal, and solar.81  PAC’s “Purchased Power” category represents non-renewable net 
purchases. 

 

                                              
81 February 2016 PAC Metrics Report at 31.   
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delivered to U.S. electric power plants from 2010-2014, expressed in nominal dollars per 
million British thermal units (MMBtu).84  The average price of natural gas declined on an 
annual basis from 2010-2012, then increased from 2012-2014.  As shown in Figure 22, 
the system lambda for most respondents also followed the trend of decreasing prices from 
2010-2012, and increasing prices from 2012-2014.  The responses from DEC and 
LG&E/KU do not follow this trend.  As seen previously (Figure 19), the shares of 
natural-gas fired generation were lowest in DEC and LG&E/KU among respondents; 
thus, the incremental cost of energy in these regions is more likely to reflect the cost of 
other resource types (such as coal-fired generators).  

Regional variation in system lambda levels could reflect local fuel market conditions, 
electricity demand, and changing resource mixes, among other conditions.  For example, 
ISO-NE reported the highest system lambda values among respondents, explaining that 
its system marginal cost values reflect movements in underlying fuel prices, especially 
during 2013 and 2014.85  In 2013 and 2014, the northeast United States experienced 
extreme cold weather, operational challenges due to pipeline constraints, and fuel 
availability and delivery issues for both gas and oil-fired resources.86   

84 U.S. Energy Information Administration, Short-Term Energy Outlook, (Jan. 
2016) http://www.eia.gov/forecasts/steo/query/. 

85 October 2015 RTO and ISO Metrics Report at 123. 

86 Id. at 121-124.   
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2. Wholesale Power Cost Breakdown 

The wholesale power cost breakdown metric disaggregates costs paid by load, thereby 
providing a comprehensive assessment of all RTO and ISO market costs.90  This metric 
should be considered within the context of different fuel mixes and market designs in 
each RTO and ISO region.  As shown in Figure 23, ISO-NE and NYISO report the 
highest total wholesale power costs, with energy costs representing the largest 
component.  The three eastern RTOs and ISOs (ISO-NE, NYISO, and PJM) each operate 
centralized capacity markets and report varying levels for the capacity-related component 
of wholesale power costs (with NYISO reporting the highest capacity-related costs).  
MISO also operates a voluntary capacity market to help ensure resource adequacy in its 
region.  MISO reports a relatively low capacity-related component of wholesale prices as 
of 2014.  It should be noted that SPP reports that data for this metric is only available 
beginning with the implementation of the Integrated Marketplace on March 1, 2014.91 

  

                                              
90 The cost breakdown includes the following cost categories: RTO or ISO costs 

and regulatory fees, operating reserve costs, ancillary services costs, transmission costs, 
capacity costs and energy costs.   

91 Id. at 367. 
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4. Price-Cost Mark-up 

 The price-cost mark-up metric is based on a comparison between the price-based offer 
and cost-based offer of marginal units.95  Low mark-ups suggest competitive market 
performance.  This metric reflects the percentage mark-up for each year.  Figure 25 
shows the price-cost markup from 2010-2014 as reported by RTOs and ISOs.   

CAISO’s wholesale markets had a negative price-cost mark-up in all years.  In 2012, the 
mark-up was very close to zero percent.  In 2014, the price-cost mark-up was negative 
4.8 percent.  CAISO states that negative mark-ups can occur because default energy bids 
include a 10 percent mark-up, and that many resources choose to bid below their default 
levels by small amounts in order to remain competitive in the market, especially as more 
renewable generation has come online over the past several years.   

  

                                              
95 See id. at 19 (RTOs and ISOs stating that price-cost mark-ups represent “the 

load weighted average markup component of dispatched generation divided by the load-
weighted average price of dispatched generation.”).   
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megawatt-hours of load served, tracks congestion cost trends relative to load growth, 
providing an indication of the efficiency of the overall RTO and ISO system, as well as 
the effectiveness of RTO and ISO efforts to manage congestion costs through 
transmission expansion planning and other efficiency measures.  This measurement is not 
entirely within the control of the RTO and ISO because other factors, such as load trends, 
also influence this metric.  Second, congestion can be expressed in terms of congestion 
revenues as a percent of congestion costs.  In general, RTOs and ISOs use day-ahead 
congestion revenues to fund the financial entitlements of congestion rights holders.  
Figure 33 shows these metrics and provides details on RTO and ISO-specific calculation 
methods.   

RTOs and ISOs report varying methods for calculating the percentage of congestion 
dollars hedged under this metric.  CAISO divides the amount of net revenue the market 
receives by total congestion costs.111  ISO-NE reports the extent to which day-ahead and 
real-time congestion revenue and negative target allocations were sufficient to fund the 
transmission-hedge instruments each year.112  MISO reports the relationship between 
congestion revenues and congestion payments to financial transmission rights holders.113  
NYISO reports the “total annual revenue collected from the hedging contracts purchased 
through the Transmission Congestion Contracts auctions divided by the total annual 
congestion cost.”114  PJM reports that financial transmission rights revenue adequacy 
declined from 2010-2014 due to reasons such as increased transmission outages, flows 
from external RTOs onto the PJM system, market-to-market constraints, and 
uncontrollable circumstances, such as forced outages, voltage and thermal constraints, 
real-time switching, and reliability-related de-rates.115

111 October 2015 RTO and ISO Metrics Report at 63. 

112 See id. at 127-128.  ISO-NE explains that negative target allocations are 
associated with counter-flow congestion in which a contract holder is required to 
contribute to the congestion revenue fund.   

113 Id. at 197. 

114 Id. at 257.  NYISO also reports that there is an active market in over-the-
counter contracts for differences which provide an additional hedging instrument. 

115 Id. at 322. 
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2. Billing Control Audits and Billing Accuracy

This metric indicates the accuracy and integrity of the RTO and ISO billing processes, 
based on audits conducted according to the Statement on Auditing Standards No. 70 
(SAS 70) guidelines set by the American Institute of Certified Public Accountants.  There 
are two types of SAS 70 audits: Type 1 audits, which assess the adequacy of the control 
design, and Type 2 audits, which review both the adequacy of the control design and 
whether the controls are being followed.  An unqualified opinion indicates that the 
independent auditor found the control objects for each of the areas covered by the audit to 
be adequately designed and operated for the audit period.  A qualified opinion means the 
independent auditor found the design and/or the operation of one or more of the control 
objectives inadequate.  Each RTO and ISO reports unqualified audit opinions, with the 
exception of MISO in 2014.  MISO reports that in 2014 one control objective was 
deemed qualified in the area of configuring and monitoring information systems.116 

PJM, MISO and NYISO report a billing accuracy of over 95 percent.117  MISO reports a 
billing accuracy of 95.4 percent and both NYISO and PJM report a billing accuracy of 
99.9 percent.  It should be noted that CAISO, ISO-NE and SPP did not report on billing 
accuracy.118   

3. Customer Satisfaction

The customer satisfaction metric provides an indication of the extent to which RTOs and 
ISOs provide value to their customers.  This metric is based on independent assessments 
of customer satisfaction surveys undertaken by independent, third-party entities.  These 
surveys analyze customer perspectives on a wide range of RTO and ISO activities.  RTOs 
and ISOs achieved relatively high levels of customer satisfaction between 2010 and 2014.  
The average customer satisfaction rating for CAISO, ISO-NE, PJM, and SPP was 90 
percent.119  Beginning in 2011, PJM began taking customer surveys bi-annually, and 
CAISO did not conduct a survey in 2013.120  ISO-NE used qualitative measures of 
overall performance (extremely satisfied to extremely dissatisfied) and report card data 

116 Id. at 209. 

117 Id. at 209, 269-270 and 334. 

118 Id. at 72, 148 and 380. 

119 See id. at 72, 145-148, 333, 379. 

120 See id. at 72, 333. 
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(on a scale of zero to 100) to measure its customer satisfaction metric.121  MISO and 
NYISO report average customer satisfaction ratings of 78 percent and 76 percent, 
respectively.122  

                                              
121 Id. at 145-148. 

122 See id. at 208, 268-269, 333, 379.  
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Appendix B:  Recent RTO and ISO Expansion Activity 

Since the release of the GAO Report in 2008, 
SPP, CAISO, MISO and PJM have expanded 
their footprints.  The utilities that voluntarily 
joined RTOs and ISOs and/or imbalance markets 
attribute their decision to the more efficient 
commitment and dispatch of generation plants 
and enhanced reliability, coordination, 
competition and economies of scale provided by 
RTOs and ISOs.  In some cases, the expanding 
RTO or ISO or the joining member estimated the 
monetized benefits from RTO and ISO 
expansion (usually in the form of estimated 
production cost savings); the accompanying 
sidebar discusses notable highlights from these 
analyses.123   

In 2014, CAISO expanded the use of the 
imbalance energy portion of its real-time market 
to other balancing authority areas in the Western 
Interconnection.124  Several utilities outside of 
RTOs and ISOs in the West are participating in  
CAISO’s Energy Imbalance Market (EIM) to 
share reserves and integrate renewable resources 
across a larger geographic region reliably and efficiently.  

123  See SPP, Results 2014 Annual Report,8 
http://www.spp.org/documents/28682/ar-2014%2004302015.pdf; CAISO, 2015 Q4 
Report: Quantifying EIM Benefits (Feb. 2016) 
https://www.caiso.com/Documents/ISO EIMBenefitsReportQ4 2015.pdf: MISO, MISO 
2014-2015 Winter Assessment Report Information Delivery and Market Analysis 29 (May 
2015), 
https://www.misoenergy.org/Library/Repository/Report/Seasonal%20Market%20Assess
ments/2015%20Winter%20Assessment%20Report.pdf; and Compete, Public Power 
Utilities Flock to PJM, MISO for Benefits of Wholesale Power Market Competition (June 
2013), http://competecoalition.com/blog/tag/competitive-electricity-market. 

124 Cal. Indep. Sys. Operator Corp., 149 FERC ¶ 61,058 (2014).  

SPP 
SPP estimates that the net 
Integrated Marketplace savings 
were $131 million in its first 12 
months of performance as of the 
third quarter of 2015.   

CAISO 
A report for the fourth quarter of 
2015 estimated the gross benefit of 
CAISO’s energy imbalance market 
that began in November 2014 to be 
$45.7 million. 

MISO 
MISO estimates that the integration 
of the MISO South Region yielded 
net benefits between $730 and $954 
million. 

PJM
East Kentucky Power Cooperative 
estimates that its 16 member-owned 
cooperatives will realize $131.9 
million in net benefits over its first 
decade of PJM membership.  
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In 2011, American Transmission Systems, Inc. and Cleveland Public Power joined 
PJM;125 in 2013, East Kentucky Power Cooperative, Inc. joined PJM.126  In December 
2013, Entergy’s utility operating companies ‒ Entergy Arkansas, Inc., Entergy 
Mississippi, Inc., Entergy Texas, Inc., Entergy Louisiana, LLC, Entergy Gulf States 
Louisiana, L.L.C., and Entergy New Orleans, Inc. ‒ completed the integration of their 
transmission systems into MISO.127  The Entergy utility operating companies, among 
other industry participants, comprise the MISO South Region.  

On November 1, 2014, CAISO and PAC participated in the launch of the EIM.128  In 
April 2015, PAC and CAISO signed a Memorandum of Understanding (MOU) to 
examine the potential benefits of creating a regional ISO.129  The parties have extended 
the MOU to further explore costs and requirements needed to achieve the benefits of 
integration outlined in a study conducted by Energy Environmental Economics,130 as well 
as to develop a transition agreement to outline the terms and conditions for the potential 
integration of PAC into a regional market.   

Additionally, Puget Sound Energy and APS are scheduled to begin financially binding 
participation in CAISO’s EIM  in October 2016.  NV Energy, Inc. began participating in 

125 PJM, PJM History, (Feb. 2015), http://www.pjm.com/about-pjm/who-we-
are/pjm-history.aspx?p=1. 

126 On May 22, 2013 in Docket Nos. ER13-1177-000, ER13-1178-000, and ER13-
1179-000, the Commission accepted tariff revisions filed in connection with East 
Kentucky Power Cooperative, Inc.’s integration into PJM under delegated authority.  See 
also East Kentucky Power Cooperative, Inc., 147 FERC ¶ 61,028 (2013) and East 
Kentucky Power Cooperative, Inc. 147 FERC ¶ 61,097 (2014).    

127 Midwest Indep. Trans. Sys. Op., Inc., 139 FERC ¶ 61,056, on reh’g, 141 FERC 
¶ 61,128 (2012).   

 128 Cal. Indep. Sys. Op. Corp., 147 FERC ¶ 61,231 (2014).  

129 CAISO, News Release: Western grid integration could produce significant cost 
savings, environmental benefits, (Oct. 2015), 
http://www.caiso.com/Documents/WesternGridIntegrationCouldProduceSignificantCostS
avings-EnvironmentalBenefits.pdf. 

130 Utility Dive, Study: Integrating PacifiCorp and CAISO grids could create up to 
$9.1B in savings, (Oct. 2015), http://www.utilitydive.com/news/study-integrating-
pacificorp-and-caiso-grids-could-create-up-to-91b-in-s/407203/. 
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CAISO’s EIM on December 1, 2015.131  Portland General Electric Company filed an 
agreement with FERC to participate in CAISO’s EIM  starting in 2017.132  Idaho Power 
signed an agreement with CAISO to participate in CAISO’s EIM starting in 2018.133  As 
a result, CAISO’s EIM will encompass seven western states – California, Oregon, 
Washington, Nevada, Utah, Idaho, and Wyoming.   

On October 1, 2015, the Integrated System and its three primary entities became full 
members of SPP.  The Integrated System is comprised of Western Area Power 
Administration-Upper Great Plains, Basin Electric Power Cooperative, and Heartland 
Consumers Power District.134  This expands SPP’s footprint to 14 states, adding the 
Dakotas and parts of Iowa, Minnesota, Montana, and Wyoming.  Western Area Power 
Administration-Upper Great Plains is the first federal power marketing administration to 
join an RTO or ISO. 

131  CAISO, News Release: NV Energy enters the western Energy Imbalance 
Market, (Dec. 2015), 
https://www.caiso.com/Documents/NVEnergyEntersTheWesternEnergyImbalanceMarke
t.pdf

132 CAISO, News Release: Portland General Electric formalizes agreement to join 
EIM, (Nov. 2015), 
http://www.caiso.com/Documents/PortlandGeneralElectricFormalizesAgreementToJoinE
IM.pdf, see also CAISO, Implementation Agreement Filing, Docket No. ER16-366-000. 

133 Idaho Power Company, News Release: Company Agrees to Join Western EIM, 
(Apr. 2016), 
https://www.idahopower.com/NewsCommunity/News/NewsReleases/showPR.cfm?prID
=3796. 

134 Southwest Power Pool, Inc., 149 FERC ¶ 61,113 (2014) reh’g Southwest 
Power Pool, Inc., 153 FERC ¶ 61,051 (2015). 
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1  EXECUTIVE SUMMARY 
Electricity markets in the US and Canada have an ongoing imperative to promote resource 
adequacy, and ensure there is a steady flow of resource investment within their regions. 
Meanwhile, these markets are also experiencing significant changes in resource mix, driven by 
natural gas supply, environmental policy and other factors. 

The objective of the Resource Investment & Revenue Analysis Project was to better inform the 
members of the ISO/RTO Council regarding the factors that drive financial investment in 
generation and other system resource, and how these are influenced by ISO policy/market 
design decisions and the revenue streams flowing out of the ISO-operated markets. The study’s 
approach was to gather this information ‘from the horse’s mouth’; through direct conversations 
with those actually responsible for making investment decisions. 

The Goal of Investment 
All rational investors seek an attractive risk-adjusted return on capital. This money is not ‘ear-
marked’ for generation – that is one potential path it can take, not the destination. The goal of 
investment is profit.  For capital to find its way into generation and other system resource, these 
investments must provide returns that are competitive with the many other investment 
opportunities competing for the same funds. 

This does not mean that all investors have the same requirements or approach. One of the 
project’s fundamental tenets is that investors are not a homogeneous group – with differing 
fields of interest and expertise, maturity requirements, risk appetite and return expectations. 
Investors can, however, be segmented into a number of investor classes, with reasonable 
commonality of attributes within each class. The project sought input from, and to compare and 
contrast the opinions of, investors spanning private equity funds, project developers, 
merchants/IPPs, investment funds, tax equity, underwriters/financiers, and commercial lenders. 

The Current Investment Context 
A number of the investors interviewed for the project believed that the US and Canada are 
presently experiencing “a golden age of energy finance.” 

The interest rate environment, coupled with a number of financial engineering innovations – 
such as tax equity, Yieldcos, and the expansion of the Term Loan B market – has appreciably 
expanded the availability of low-cost financing. This coincides with the right time in the 
boom/bust development cycle in many of the ISO markets. 

Investment Drivers and Deterrents 
The project received a wide range of direct feedback from investors on the factors that 
encouraged, as well as deterred, their investment in generation and other system resource, and 
identified a number of key themes. 

The ‘Fundamentals’ are fundamental 

First and foremost, investment is driven by the fundamentals of energy supply/demand balance. 
While investors have strong opinions on issues of market design, such considerations were 
secondary to the fundamental strictures of supply/demand balance. If demand growth is strong, 
they will invest even if they don’t like the design, and vice versa. There was some concern, 
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though, regarding the impact that inherently ‘lumpy’ investment can have on these fundamentals 
in smaller markets. 

Capacity markets are loved, but feared 

As a general rule, investors were strong supporters of capacity markets, for their ability to 
backstop energy revenues and provide greater certainty of future cashflows. There was 
concern, however, regarding volatility in capacity revenues in recent years, which has led to 
steep discounting of projected capacity revenues when assessing potential investments. 
Ancillary services revenues scarcely factored into investors’ considerations, with the notable 
exception of grid-level storage. 

Renewables investment is driven by incentives 

The development of renewable generation is substantially supported by incentive programs – 
Renewable Portfolio Standards (RPS) being most influential in the majority of markets. Tax 
credits are important in “lubricating the markets”, especially in financing new plant. However, as 
incentive programs are at risk of government intervention, the revenues derived from them tend 
to be discounted by investors. 

Energy revenues were considered to be of lesser importance to renewables, with neither wind 
nor solar resource expected to be ‘investable’ without incentives for some time. 

Non-renewables are principally driven by gas, if it can be delivered 

Gas-fired generation has accounted for the great bulk of new investment in non-renewable 
resource, driven by cheap fuel supply, emissions benefits, cheaper plant and the general 
flexibility of gas-fired plant. 

However, issues of gas deliverability are of significant concern. Pipeline capacity expansion is 
not keeping pace with demand growth, and gas/electric integration is inadequate. This is 
already an active problem in New England and is expected to become an increasing issue in 
other parts of the North-East and Mid-Atlantic in the next few years. These issues are leading 
many to question whether the gas regulatory construct needs to be re-thought, to address the 
changed needs of a gas system far more dynamic and interconnected than that for which the 
model originally evolved. Some even suggested that “perhaps there is a need for a gas ISO?” 

Investors prefer open, transparent markets 
Interviewees universally expressed the view that they are more comfortable investing in markets 
they view as open and transparent.  In those markets where an incumbent can fall back upon a 
franchise customer base, with regulator-guaranteed returns, the playing field is perceived to be 
inherently uneven.  By contrast, the presence of effective retail competition was seen as an 
important indicator of market openness. 

While each investment is assessed on its own merits, investors expressed a general aversion 
for markets that might be subject to incumbent dominance, and attraction to markets where they 
view the price-setting process as transparent and free from potential manipulation or 
interference. The resultant ability to trade confidently was seen as contributing directly to more 
effective hedging, and better liquidity in both the cash and forward markets. 

The desire for transparency extends to ISO operations 

Concern was expressed that out-of-market actions taken by ISOs, including the dispatch of 
plant out of economic merit order, and the designation of resources as Reliability Must-Run 
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(RMR), can appear arbitrary, and if it materially impacts market results, can dull the investment 
climate. It was generally appreciated that there can be valid reasons for such actions, tempered 
by a general conviction that they are over-used, and that greater transparency surrounding the 
rationale for their use would aid investor confidence, and encourage better process. 

Regulatory risk is unhedgeable 

A repeated and serious concern raised by investors was the risk that regulators and legislators 
can take, and on occasion have taken, actions which interfere with the very price signals which 
the market relies upon to stimulate investment. These unpredictable and unhedgeable actions – 
which often reward the reckless and punish the prudent – can, in the longer-term, drive capital 
away from the market. 

A lesser concern was the general level of complexity of the ISO-operated markets, and the level 
of ongoing ‘tweaking’ of market rules. While all those interviewed would like to see less 
variability in market design, this concern was greatest amongst those with a shorter-term 
investment horizon. 
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2 THE PROJECT BRIEF 

2.1 Objective 
ISOs/RTOs (hereafter referred to as ISOs), as the Reliability Coordinators for their respective 
regions, have a mandate to promote resource adequacy, and as such are strongly interested in 
maintaining a steady flow of resource investment within those regions. To inform their thinking – 
particularly in the light of significant changes in resource mix being driven by natural gas supply, 
technology, environmental policy and other factors – the ISOs wish to better understand: 

1. the factors that are driving financial investment in prospective (and existing) generation
and other system resource (e.g. demand response, storage), and;

2. how these are influenced by ISO policy/market design decisions, and the various
revenue streams flowing out of the ISO-operated markets.

2.2 Scope 
To this end, the Markets Committee of the ISO/RTO Council engaged Market Reform to 
undertake the Resource Financing & Revenue Analysis Project. The study’s mandate was to 
address these questions not from the perspective of economic theory, but by seeking the views 
of actual ‘financial’ investors in resource, through equity or debt. Investors of interest fit the 
following profile: 

• Invests directly in resources, in part or whole, or facilitates such investment – not just an
investor in securities of resource/asset owners, or of bonds issued by them.

• Directly interested in the revenue flows received by those resources.
• Active investor, involved in assessing investment value, packaging the products,

directing the funds, etc. – not a passive holder.
• Investments are directly exposed to revenue risk – without the protection of a franchise

customer base, or rate-of-return regulation. i.e. investment in traditional utilities was
explicitly out-of-scope.

2.3 Approach 
The study’s declared approach was to gather its information ‘from the horse’s mouth’; through 
interviews with investor personnel integrally involved in the investment evaluation and decision-
making process. 

This process was guided by the following principles: 

• Grounded in practice, not theory:  The project was not approached from the perspective
of economic theory, and what a theoretical ‘rational investor’ would do, but based its
analysis on the considerations of actual investors, who must act with imperfect
information and considering the risk of how things may evolve in the future. As such, a
series of interviews with a thoughtfully selected set of actual investors was at the core of
the project’s activities.

• The interviewee’s opinion, not the interviewer’s: By extension, Market Reform’s job was
to effectively prepare for, lead and analyze these discussions, and synthesize the results
– requiring the team to utilize expert judgment and challenge what they heard – but not
to substitute their own opinion.
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• ‘Investors’ are not a homogenous group: While often discussed collectively, there is no
uniform investor. Nor was it viewed as particularly useful to just take a random sample of
investors. Investors were divided into a number of classes (discussed further in 3.3), with
representatives of each class forming part of the interviewee set.

• Consistent, senior interview team: In order to ensure a consistent approach to all
interviews, they were conducted by the same two principal interviewers. As the project
sought access to senior investment decision makers, the interview team was
commensurately senior.

The project had a target of conducting 7-8 interviews, though ended up exceeding this. In all, 21 
invitations were issued, with 15 interviews conducted, 2 declines and 4 failures to respond after 
multiple attempts. The list of organisations interviewed is included in Appendix B. To get the 
most value out of the discussions, approximately two-thirds of interviews were conducted in-
person, with the remainder done over the phone. 

By agreement with the project’s steering committee, all interviews were conducted under the 
Chatham House Rule, whereby an attendee is free to use any information gathered from the 
discussion, but is not permitted to reveal who made any comment. 
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3 A RESOURCE INVESTMENT PRIMER 

3.1  ‘Financial Investors’ in ‘Resource’ 
This report is concerned with ‘financial investors’ in ‘resource’. In its broadest sense, this is any 
entity that invests in system resource – generation, demand response or storage – in the form of 
either equity or debt. 

More specifically, the project is principally interested in those investing within the footprint 
covered by the nine IRC members, and with exposure to the revenue streams stemming from 
the ISO-operated markets – as opposed to revenues assured by guaranteed regulatory 
recovery from a captive rate base. 

3.2 What Do Investors Seek? 
Ultimately, all rational investors seek an attractive risk-adjusted return-on-capital. Their precise 
risk tolerance, return expectations, and the trade-off between these, is unique to each 
organisation, and dependent upon its investment thesis and policies. For most financial 
investors there is no default position that they must invest in generation, or any other electric 
system resource, and certainly no geographic restriction on where they choose to invest. Capital 
is deployed where it can be utilised most effectively. 

Logically, investors will always seek maximum return for minimum risk. On the other hand, in a 
well-functioning market there is always a competitive tension amongst and between sellers and 
buyers that serves to restrict investment returns – a tension well understood and respected by 
all those the project interviewed. 

For investors, this must be balanced by the competition for funds.  If an investor perceives the 
risk as high – whether this be due to underlying fundamentals such as falling demand, the threat 
of competition, or a perceived systemic bias in the market – they will seek higher returns. If this 
would price them out of the market, or returns are constrained by other means (e.g. regulatory 
controls), they will decline to participate and ‘place their bets’ elsewhere. If multiple participants 
share the same perspective, it can lead to a dearth of new investment. When driven by 
fundamentals this may well be a desirable outcome; in other situations, less so. 

The reverse argument is also true when risk adjusted returns are considered to be attractive – if 
multiple investors feel the same way there can be a rush of investment.  Given the ‘lumpiness’ 
of generation investment, particularly when compared against the total size of smaller markets, 
this can lead to a ‘boom/bust’ cycle. 

3.3 Investor Classes 
As discussed in the Approach section of this document (2.3), investors are not a homogeneous 
group – with differing fields of interest and expertise, maturity requirements, risk appetite and 
return expectations. Investors can, however, be segmented into a number of investor classes, 
with reasonable commonality of attributes within each class – not withstanding that some 
investors fall into more than one class. Key investor classes examined by the project included: 
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Table 1 – Investor Classes Examined 

Private equity funds Mid-stage and mature funds (early stage/venture capital tends 
to invest more in energy technology vs. assets). 

Providers of both equity and debt investment. 

Project developers Lead the development of new resources. 

Equity investors; projects are typically supported by equity co-
investment and project-level debt. 

May operate the asset, or have others do this. 

Typically dispose of asset within 5 years of entering service. 

Merchants/IPPs Develop new resource and acquire existing resource. 

Projects/acquisitions typically backed by balance sheet equity 
and corporate debt. 

Typically operate the asset. 

Longer-term holders compared to project developers. 

Investment funds Including pension funds, mutual funds, exchange-traded funds, 
infrastructure funds, sovereign wealth funds. 

May provide equity (e.g. as a co-investor) or debt investment. 

Tax equity Corporates, banks, and insurance companies with sizable tax 
exposures. 

Only applicable to investment in renewables with tax credits. 

Essentially debt providers, but with an ‘equity’ element to allow 
transfer of tax credits (see 3.5.2). 

Underwriters/ 
financiers 

Typically investment banks. 

Act as intermediaries in arranging debt and/or equity financing. 

May also participate as lenders. 

Commercial lenders Insurance companies, commercial banks, project finance banks, 
mezzanine funds, bond markets. 

Providers of debt, often organised by underwriters. 

Type of debt highly dependent on project stage, and risk. 

Figure 1 below provides a diagrammatic overview of the typical financial investment and 
physical asset interest of various investor classes in a resource. Those shown in blue are those 
of interest to this project. 
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Figure 1 – Investment Interests in Resource 

3.4 Stages of Investment 
New resource – or at least, project-developed resource – tends to be financed differently 
depending upon its stage of development, utilising higher cost funds during its riskier earlier 
stages, later supplanting these with less expensive longer-term funds as it moves into operation. 
The three typical phases are: 

• Development: All work to identify, qualify and quantify the opportunity, determine siting
and conduct interconnection studies, arrange permitting and approvals, select
contractors, arrange financing, negotiate off-take agreements or other hedging, etc.,
through to issuance of a notice-to-proceed for construction.

• Construction: All construction works and commissioning of the facility, interconnection to
the grid, and connection to fuel (e.g. gas pipeline), through to commencement of
operations.

• Operation: Full operation of the resource in the electricity market

The helpful diagram in Figure 2 below – adapted from an original produced by Marathon Capital 
– provides an overview of the various types of debt and equity financing typically utilised in each
development stage, and common providers of each type of financing. 
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Figure 2 – Types of Finance and Providers, by Project Lifecycle Stage1 

3.5 “A Golden Age of Energy Finance” 
This characterisation, or similar, was used by several of the investors interviewed by the project. 

The interest rate environment in the US and Canada (at the time of writing), coupled with a 
number of financial engineering innovations, has appreciably expanded the availability of low-
cost financing. Anecdotally, debt financing deals that were being done 3-4 years ago at LIBOR 
plus 700-900 basis points (bps), are now being done at LIBOR plus 300-400 bps. Project debt-
equity ratios have also been increasing from around 1:1, to closer to 2:1.  While the variety of 
financing deals that can be done are limited only by the ingenuity of the financial engineers, and 
what a buyer and seller are willing to agree, three general trends are noteworthy: 

3.5.1 Growth of ‘Term Loan B’ 
Investors with a suitably robust balance sheet typically obtain debt financing at the corporate 
level, through the bond market and bank lines of credit, providing leverage across their entire 
asset portfolio.  By contrast, project developers have historically obtained finance through the 
senior term loan – also known as Term Loan A – market, potentially augmented by more 
expensive shorter-term financing. However, Term Loan A comes with significant covenants, 
including the requirement that almost all off-take price exposure be hedged out 5-7 years (the 
holding period of the asset for many developers), and substantial amortisation (repayment of 
loan principal over the loan period). 

The last couple of years have seen an increasing use of Term Loan B for major project debt. 
Term Loan B typically sits equal to Term Loan A on a security basis, but has fewer restrictive 
covenants – e.g. 50% vs. 100% hedging requirements – and requires nil or minimal 
amortisation. 

1 Adapted from the original diagram by Marathon Capital. Source: Ted Brandt, Marathon Capital, The State of Power 
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These eased restrictions imply a greater risk, and thus higher interest rates, compared to Term 
Loan A. However, spreads have narrowed substantially as lenders have become more 
comfortable with the risks associated with the use of Term Loan B for generation financing. 

3.5.2 Tax Equity 
‘Tax equity’ has become a popular method of financing renewable generation in the US. This 
form of finance has its origins in the various tax incentives for development of renewable 
generation, including: 

• Production Tax Credit (PTC): chiefly used by wind generation, these provide a $23/MWh
credit for wind, geothermal and closed-loop biomass, and $11/MWh for other eligible
technologies, generally over the first 10 years of operation. PTCs are no longer being
issued for projects not already under construction.

• Investment Tax Credit (ITC): chiefly used by solar, these provide a credit equal to 30% of
investment value for solar, fuel cells and small wind, and 10% for geothermal, micro-
turbines and combined heat and power (CHP). The solar credit reduces to 10% at the
end of 2016. ITCs are realized in the year in which the project begins commercial
operations, but vest linearly over a 5-year period.

• Accelerated Depreciation: assets can be fully depreciated within five years for most
solar, geothermal and wind assets, even though their useful life may be 30+ years.

The complication is that many developers of renewable generation cannot take full advantage of 
these tax benefits as they are not sufficiently profitable. Tax rules do, however, allow these 
benefits to be assigned to other equity holders in the business. Enter tax equity. 

Under a tax equity arrangement, the majority of the resource owner’s tax credits are assigned to 
tax-equity investors. These deals are typically debt-like, paying an agreed return, and having 
creditor priority superior to trade creditors and regular equity, but include a call option, which 
allows the arrangement to be considered equity for tax purposes.  Given these attributes, 
investors in tax equity are typically organisations with substantial available cash to invest, and 
sizable tax liabilities which can be offset – such as major banks, large corporates, and insurance 
companies. 

3.5.3 YieldCos 

In the current low interest rate environment, yields have been substantially reduced on 
traditional fixed income investments, such as treasuries and municipal bonds. As a result, there 
is significant investor appetite for instruments that can provide better long-term, fixed income 
yields. 

YieldCos are a financial innovation developed to take advantage of this need. They consist of a 
portfolio of assets with steady revenues, backed by long-term (15-25 year) forward contracts, 
paying out most of their cash flow to shareholders as dividends. Due to these characteristics 
they are sometimes referred to as ‘synthetic MLPs’. The ‘sponsor’ of the YieldCo – usually the 
original owner and ongoing operator of the YieldCo’s assets – tends to maintain management 
control and a sizable shareholding. 

Because of the requirement for steady revenues, YieldCo portfolios have tended to consist 
predominantly of renewable assets contracted to utilities under long-term power purchase 
agreements, or deregulated assets in rate-regulated regions, again under long-term utility 
contract. 
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An important part of the stated proposition for many YieldCos, and a key influencing factor in 
their valuation multiples, is the ‘growth story’ – the expectation, often explicitly promised, that 
they will continue to develop and/or acquire a stream of assets with attractive, steady revenues 
which will be ‘dropped down’ into the YieldCo. 

There is concern, though, regarding the sustainability of this model. With the growing popularity 
of YieldCos and a limited supply of assets with long-term stable revenues to ‘drop down’, some 
questioned how YieldCos could keep “feeding the beast”, and whether they would begin 
seeking out opportunities with lower quality revenues (e.g. shorter tenors), thus “debasing the 
currency”. In the longer-term there is concern that, when interest rates come back up, YieldCos 
could lose their relative attractiveness to other steady yield investments, and thus some of 
premium valuation they presently attract. 

Ultimately, the investor view of YieldCos was mixed. Some saw them as creating competition for 
funds, leading to an increase in the cost of capital. Others saw them as “an attractive platform”, 
opening up opportunities for participation by investors who might not normally invest so directly 
in generation, and allowing asset owners to free up capital for other investments 

3.6 Project Finance Example 
Figure 3 below provides an overview of the various parties involved in financing a recently 
announced project – Panda Power’s Stonewall facility in Loudon County, Virginia.2 

Figure 3 – Example Project Structure: Panda Stonewall 

2 Data source: Business Wire, November 17 2004, Panda Power Funds Secures Financing for 778 MW/$571 million 
Virginia Power Project. While Panda Power was interviewed for this project, all information contained in this diagram 
was obtained from publicly available sources. 
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The role of various debt and equity investors can be seen, with a few other points also worth 
noting: 

• The definition of key equipment and construction service providers, ongoing operations
and maintenance, and key off-take and fuel supply arrangements, are all essential to
obtaining finance.

• The finance arm of the key equipment provider is also an equity participant in the project.
Equipment provider participation in equity and/or debt has been seen in a number of
recent projects.

• Participation of the rating agencies. Even though debt is not being raised from the public
markets, obtaining a credit rating is generally required for Term Loan B financing also.

Figure 4 below summarises a number of the key elements which must be resolved during the 
development stage of a project in order to secure financing for later stages of the project 
lifecycle. 

Figure 4 – Key Project Development Elements 
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4 INVESTMENT DRIVERS – AND DETERRENTS 
The Resource Investment & Revenue Analysis Project received a wide range of direct feedback 
from investors on the factors that encouraged, as well as deterred, their investment in 
generation and other system resource. While every investor and its investment thesis is subtly 
different, certain influences recurred with sufficient frequency to represent key themes. 

4.1 It’s the Fundamentals … 
4.1.1 Energy Supply and Demand 

Investor: We are strongly in favour of capacity markets, and capacity 
revenues are an important contributor to our investment thesis. 

Market Reform: But you invest within the ERCOT region? 

Investor: Well, yes, they have steady demand growth. 

This paraphrased dialogue was a common one. 

During the course of the interview process it became readily apparent that despite preferences 
for various market design features – and investors certainly had strong opinions on these – such 
considerations were secondary to the fundamental strictures of supply/demand balance.  First 
and foremost, investment is being driven by energy revenues, and investors’ assessments that 
demand will increase, or in some cases, that supply will decrease (e.g. due to plant retirements 
related to age, mercury emissions regulations, etc.), thus creating an opportunity for new supply 
to enter the market. 

ERCOT was an oft-mentioned example, with a number of investors being active in the region, 
despite their own stated preference for markets with capacity revenues. Similarly, PJM was 
seen as rebounding from a demand trough, and consequently seeing strong investment. 
Conversely, some other regions were perceived as being in over-supply, and not seeing 
investment, independent of investors’ perception of the market design or regulatory issues. 

As a variant on this theme, several investors noted that, even if the fundamentals didn’t seem to 
be in place for a market as a whole, they had invested where they perceived a location-specific 
advantage, such as siting within a constrained load pocket, or close to cheap fuel supply. 

4.1.2 Relative Importance of Non-Energy Revenues 

While some ISO-operated markets have a range of payment streams from which resources can 
derive revenues, the two principal non-energy revenue sources relate to: 

• Capacity: Payments made to generation (and demand) resource for the capability to
generate (or reduce demand) to protect the system’s adequacy to serve load at times of
system peak demand. This is a payment for the capability to generate, not actually doing
so – which would result in an energy payment. There are a range of different treatments
of capacity amongst the IRC members. ERCOT and Alberta are ‘energy only’ markets,
with no capacity payments – the energy price alone provides the signal for new build (as
is the case with every other commodity). PJM, New York and New England all have
sophisticated capacity markets, albeit with different designs. Ontario, California, MISO
and SPP have separate adequacy constructs or procurement mechanisms that are part-
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way in between, and tend to be driven by long-term contracts procured by incumbent 
utilities or a central authority3. 

• Ancillary Services: Payments for services provided to the system to maintain system
security. Usually purchased by the system operator on behalf of the market as a whole, 
some of these services are procured via market mechanism – reserves (of various 
classes) and frequency regulation capability being the most common – and others via 
periodic contract, e.g. black-start capability, reactive power. 

Figure 5 below, from the ERCOT 2012 State of the Market Report, provides an overview of the 
contribution of both capacity and ancillary services, in contrast with energy, to the all-in energy 
price across six US markets. 4 This provides a reasonable proxy for the contribution of these 
revenue streams to resource revenues.5 

Figure 5 – Comparison of Price Contributors Across Markets6 

As a general rule, investors were strong supporters of capacity markets, for their ability to 
backstop energy revenues and provide greater certainty of future cashflows. 

However, a broad concern was expressed by some regarding volatility in capacity revenues in 
recent years (“no-one believes the capacity numbers are accurate”).7 Banks, in particular, 
indicated that this had led them to heavily discount predicted capacity revenues (e.g. by 50-

3 In Ontario the central authority responsible for procuring such contracts is the Ontario Power Authority (OPA), which 
has recently been merged with the IESO. 
4 The one element of the diagram not covered above, ‘uplift’, refers to the costs associated with the operation of 
economically out-of-merit resources. This topic is discussed in further detail in 4.3.3. 
5 Note that this refers only to revenues derived from ISO-administered markets/programs. Some resources, 
renewables in particular, are also supported by a range of external revenue streams (discussed further in 4.2.1). 
6 Source: Potomac Economics (Independent Market Monitor for the ERCOT Wholesale Market), ERCOT 2012 State 
of the Market Report, June 2013. 
7 More specific comments on capacity market design are discussed in 5.1. 
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70%) in their consideration of an investment proposition. Those with a longer-term investment 
outlook, such as balance sheet-backed investors, indicated that they discounted projected 
capacity revenues less heavily, and also felt that they had a better capability to model these 
revenues. 

Ancillary services revenues, by contrast, “don’t factor” into the investment decision-making of 
many investors, particularly as it relates to generation resource. A few longer-term investors 
indicated that they took some account of ancillary services revenues (“a distant third”), but found 
them to be “very volatile”, and thus discounted them heavily. 

The one exception concerned investment in storage resources, where the investment thesis 
was substantially driven by ancillary services revenues, from frequency regulation in particular, 
as well as some energy ‘peak shaving’.   

4.1.3 Market Scale – Size Sometimes Does Matter 

Several investors expressed concern regarding the risk of investment in ‘smaller markets’, even 
when they generally like the market design, such as with New England and Alberta. This 
concern relates to the impact that large, discrete (i.e. ‘lumpy’) investments can have on 
supply/demand fundamentals. If multiple investors respond to price signals to invest, oversupply 
can result fairly quickly, depressing price and compromising the economics of the investment.  
While it would be possible to defer or cancel investment, this becomes more difficult and 
expensive the later it occurs in the development and construction process, especially if capacity 
commitments have been made through the capacity auction. 

One obvious solution is to invest in smaller blocks, and to some extent this is what happens in 
these markets. However, the cost of many development activities – such as siting, permitting, 
arranging finance, negotiating off-take agreements, contracting fuel supply, selecting and 
contracting equipment suppliers, etc. – are relatively size-inelastic. Equipment and construction 
cost for smaller units, on a $/MW basis, also tends to be higher. 

Investors appreciate that this is their risk to manage.  However, when multiple opportunities are 
available, they will tend to spend their effort, and place their capital, where they assess it will 
achieve the greatest risk-adjusted returns. Thus, if other factors are equal – which of course is 
never precisely the case – lack of scale can have a dulling effect on investment. 

4.2 A Tale of Two Resource Types 
There are essentially two different theses for investment in generation resource – one for 
renewables, and another for non-renewable/thermal resources. 

4.2.1 Renewables and Incentives 

The development of renewable generation is substantially supported by incentive programs. 

Table 2 – Key Renewable Incentive Programs 

Incentive Program Where 

Renewable Portfolio Standards (RPS), requiring a fixed % or MW level of 
renewables. A Renewable Electricity Certificate (REC) is issued for each 
MWh of renewable energy produced. 

Various states8 

8 While some Canadian provinces also have RPS schemes, none fall within an ISO footprint. 
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Incentive Program Where 

Production Tax Credit (PTC) and Investment Tax Credit (ITC) schemes. US Federal 

Feed-In Tariff (FIT)/standard offer programs: fixed payment (on a $/kWh 
basis) for those bringing renewable energy into the grid. 

Ontario, CA, VT, 
ME 

Tender process: to procure specified quantities of renewable plant. Ontario 

Section 1603 cash grants (in lieu of tax credits); expired for projects not in 
construction by Dec 31, 2011. 

US Federal 

Loan programs for renewables Various states 

Property tax incentives for renewables Various state and 
local govt. 

In the US, renewable investment is supported principally by state-based RPS schemes and 
federal income tax credits. There is some variation, though, regarding which has greater 
influence on investment decision-making. 

In many regions of the US, RPS was considered more influential, serving as the key factor 
behind renewables being able to obtain long-term contracts.  In Texas, however, installed wind 
generation is in excess of RPS targets – driven amongst other things by strong wind potential, 
and the Competitive Renewable Energy Zone (CREZ) transmission lines9 – leading to a 
substantial fall in the value of RECs, and their relative importance as an investment driver. 

Figure 6 – US Renewable Portfolio Standard Policies (Sep 2014)10 

Tax credits are considered to be important in “lubricating the markets”, especially in financing 
new plant – with tax benefits representing around 75% of the capital structure of wind deals, by 
one estimate.  Nevertheless, as the credits aren’t directly usable by most developers, tax equity 
was thought by many to be an inefficient way of incenting renewables development.  As one 

9 The CREZ lines bring power from wind intensive regions of Texas to major load centers. 
10 Source: Database of State Incentives for Renewables & Efficiency (www.dsireusa.org) 



Resource Investment in the Golden Age 
of Energy Finance 

© ISO/RTO Council and Market Reform, 2015. 21 

investor commented, “we don’t get into renewables as … we don’t have a tax appetite.” Those 
who do, though, “view the tax equity play as a low risk position.” Tax credits were certainly seen 
as influencing the type of renewable investment, with many believing that investment in wind will 
drop off with PTC expiry, and “solar will surge” through 2016, when the ITC rate drops to 10%. 

In Canada renewable incentives are province-based, with key programs including a feed-in-tariff 
scheme in Ontario, under which projects between 10kW and 500kW are contracted with the 
Ontario Power Authority at a fixed rate over a 20-year period. This program’s $/kW rate for new 
projects has been reduced in recent years, though existing commitments continue to be met at 
the old rate. 

In all cases, energy revenues were a lesser consideration in the investment decision, and 
capacity revenues did not factor into the investment thesis at all (given the intermittency of most 
renewables)11.  The consensus amongst those interviewed was that solar power “is not 
economic on its own”, and that wind power, while getting cheaper, is “still not reaching grid 
parity.” 

As incentive programs are at risk of government intervention, the revenues derived from them 
tend to be discounted by investors. Additionally, as these at-risk revenues often represent a 
substantial portion of the economic proposition of a project, almost all renewables investment is 
supported by long-term (e.g. 20-25 year) power purchase agreements (e.g. with utilities or large 
customers). 

4.2.2 Non-Renewables – It’s a Gas, Gas, Gas… 
The investment thesis for thermal plant is driven principally by energy and, where applicable, 
capacity revenues derived from the ISO-operated markets. In recent years gas-fired generation 
has accounted for the great bulk of new investment in non-renewable resource (and as such, 
the bulk of all new resource), though there continues to be some investment in coal plant, where 
it is able to comply with toughening environmental standards. 

Figure 7, by way of example, shows the dramatic move to gas generation in New England in the 
last decade or so. Recent PJM capacity auctions have also shown an uptick in gas plant, being 
the largest capacity contributor from the 2014/15 commitment period on. 

Figure 7 – ISO New England Electric Energy Production by Fuel Type (2000 vs. 2014)12 

11 There was some feeling this may change if there is significant coupling of storage and solar. 
12 Source: ISO New England 
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Gas is perceived to have a competitive advantage for new thermal build in most regions, due to: 

• The availability of cheap natural gas, due to the unlocking of substantial amounts of
‘unconventional’ or ‘tight’ gas through hydraulic fracturing and horizontal drilling.

• Reductions in cost of plant ($/MW), and increasing plant efficiency.
• Lower CO2 emissions compared to coal.

This development consists of both ‘greenfield’ development of new sites, as well as ‘brownfield’ 
re-powering of existing sites (generally fuel oil or coal) – which already have transmission 
connection, and tend to have an easier permitting process. 

The gas ‘play’ tends to differ by region. In the North-East and Mid-Atlantic, new natural gas 
plants are increasingly being deployed as ‘baseload’ units. By contrast, in Texas, which has 
greater peak, flexibility and ramping requirements, new gas plants tend to be ‘peaker’ units. 

A key threat to the continued growth of gas generation, however, is the issue of deliverability. As 
gas use for generation increases, constraints in the transportation of gas through the pipeline 
network are becoming increasingly prevalent, particularly in winter, when it coincides with peak 
heating demand.  These problems are already manifest in New England, and New York Zones J 
& K – underlined by events during the ‘polar vortex’ during Winter 2013/14 – and are increasing 
in other regions. In the words of one investor: “There is not sufficient infrastructure for getting 
gas out of Marcellus.” 

This issue is highlighted by Figure 8 below, which provides an overview of ISO New England’s 
assessment of Operating Capacity Margin for Winter 2014/15, and generation at risk due to gas 
supply interruption. 

Figure 8 – Operating Capacity Margin Winter 2014/1513 

13 Source: ISO New England, as included in Morningstar Commodities Research, Eastern US Winter Power Outlook, 
5 January 2015. 
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Despite what seems to be a clear need, pipeline capacity expansions to-date have mostly been 
‘low hanging fruit’ (e.g. achieved through additional compression). While there are a number of 
expansion proposals, few significant additions to gas transportation infrastructure have yet been 
built or firmly committed to. 

This has led some investors to question the current regulatory compact for natural gas in the 
US, where infrastructure expansion is funded by purchases of ‘firm’ contractual capacity 
(generally point-to-point or zonal), typically under long-term contract. This model was viewed as 
working for local gas distribution companies (LDCs), which have relatively predictable seasonal 
offtakes and are mostly rate-regulated, but not gas-fired generators, which have far more 
dynamic, market-driven consumption profiles, and may not have the forward certainty to enter 
into long-term (20+ year) capacity arrangements. 

However, the potential of out-of-market intervention to resolve this impasse – such as the New 
England Governors’ proposal to conduct a tender process for new gas transportation capacity, 
with costs to be passed on through electric tariffs14 – has raised investor concerns regarding 
regulatory risk. e.g. Would such intervention disadvantage a generator who has already paid for 
firm capacity?  Such solutions are also viewed as being ‘one-off’ in nature, or worse, 
undermining those who might invest based on price signals, and thus inviting further 
intervention. This raised the question: “who is looking at gas infrastructure long-term?”; with 
more than one investor asking, “perhaps there is a need for a gas ISO?” 

Finally, even if the problem of adequate transportation infrastructure can be resolved, there 
remain a number of issues associated with gas/electric coordination that could impact 
investment thesis, spanning a range of functions and timeframes. These include: 

• Planning coordination: in particular, the potential for investment in firm gas transportation
(‘gas by pipe’) to be undercut by new electricity transmission (‘gas by wire’).

• Market timing: alignment of the gas day and electricity day-ahead-market timeframes –
something New England and New York have addressed, but others are yet to.

• Operations coordination: coordination between pipeline and ISO operations personnel
concerning outages and other operational events.

While various forums have been convened by some ISOs, and by FERC, to examine these 
issues, they are considered by investors to be moving too slowly. This caused the previous 
question to evolve to: “what about a combined gas and electricity ISO?” 

4.2.3 What About Distributed Energy Resources? 

None of the discussion above explicitly addresses distributed energy resources – the integrated 
assemblage of distributed generation, storage and demand response resources, embedded 
within the distribution network and behind the customer meter. Investors were well aware of 
developments in this area, both as an investment opportunity and as a potential disruptive 
technology risk to other resource investments. 

The bulk of activity in distributed generation investment in the US/Canada at present is in the 
installation of rooftop photo-voltaic (PV) cells, at residential and commercial premises. 
Embedded storage is emerging as a complement to rooftop PV, providing smoothing for peaks 
and troughs due to solar intermittency.  As with other renewable investments, however, both 

14 New England States Committee on Electricity, Update on the New England Governors' Proposal to Invest in 
Strategic Infrastructure and Address Price Disparities, Presentation to US Department of Energy Electricity Advisory 
Committee, 25 September 2014. 
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propositions are substantially supported by incentive schemes – and to a lesser extent, 
corporate imperatives – with neither approaching ‘grid parity’. 

Investors were alive to the possibility that this could change with ongoing innovation, though 
many felt that the “low hanging fruit” – e.g. cost reductions due to manufacturing economies-of-
scale – was insufficient in itself to achieve grid parity, and more profound technological 
advances would be slower in coming. In the words of one: “Energy doesn’t obey Moore’s Law15.”  
These investors were not greatly concerned about the risk to their non-renewable investments 
in the near-to-medium-term, but saw sizable “tail risk” to longer-term investment. 

In the medium-term, investors were more concerned about the impact of rooftop PV and storage 
on the business proposition for distribution16. The reduction in distribution revenues from ‘net 
metering’ policies could lead to distribution monopolies spreading their sunk cost across fewer 
customers. This in turn could lead to ‘bypass’, further reduction of the revenue base, and yet 
higher charges for those remaining, ad infinitum, in a so-called “death spiral”. 

The final piece of the distributed energy resource puzzle is demand response. This was viewed 
as principally being about better control technologies, and as such, investment in this area was 
viewed as more of a “tech play” than one of grid resource investment – which would seem to be 
reflected in the evolving business models of key players in this space. 

4.3 Competition, Open Access and Transparency 
Interviewees universally expressed the view that they are more comfortable investing in markets 
they view as open and transparent – or to state the corollary, in one investor’s words: “In 
monopolistic regions we get screwed.” 

4.3.1 Open Access and the Importance of Retail Competition 
Investors indicated that they shied away from, or were far more circumspect, investing in 
regions where incumbent vertically integrated utilities are dominant, even where the region has 
an ISO-operated wholesale market.17 

Much of this issue ties back to retail competition, and the perception that the ‘playing field’ is 
inherently uneven. Incumbent retail monopolies have a franchise customer base, with regulator-
guaranteed returns – sometimes locking-in not just retail rates, but back-stopping individual 
plant investment.  This insulates the incumbents, at least in part, from wholesale market 
outcomes and the consequences of their investment decisions – allowing them to commit to 
plant with lower risk, and thus cheaper funding.  It also limits the size and diversity of the pool of 
potential purchasers in the wholesale market. 

Where retail competition exists, the pool of retailers – and thus wholesale purchasers – is 
boosted by a range of new entrants, who must compete for their customers, and are thus well 
incented to purchase wholesale energy efficiently in order to serve them. There is no inherent 
bias to ‘self supply’, and thus equal opportunity for merchant/project and utility generation to 
compete. It could be argued, in fact, that without captive customers the distinction between 
‘merchant’ and ‘utility’ becomes moot – perhaps one of the reasons why Alberta, which has no 
concept of ‘incumbent’, refers to itself as a ‘merchant market’. 

15 Moore’s Law was the observation by Gordon Moore, co-founder of Intel, that the number of transistors on an 
integrated circuit roughly doubled every two years. 
16 The IEEE Power & Energy Magazine, March/April 2015, contains a number of articles on the implications of large-
scale renewable uptake for distribution systems. 
17 With the exception of renewables, where output is frequently contracted under long-term PPA (see 4.2.1).  
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Figure 9 below provides an overview of the status of retail competition, by state/province, 
mapped against the footprints of the nine ISOs/RTOs. 

Figure 9 – State of Retail Competition, Mapped Against ISO/RTO Footprint18 

4.3.2 Price Transparency, Liquidity and Hedging 

Investors were similarly attracted to markets where they view the price-setting process as 
transparent and free from potential manipulation or interference. The resultant ability to trade 
confidently, and with “less event risk”, was seen as contributing directly to more effective 
hedging, and better liquidity in both the cash and forward markets – all important investment 
considerations. 

PJM was considered the stand-out market from a liquidity perspective – a view supported by 
Market Reform’s own investigation of futures market data, which suggests it may now be the 
most liquid electricity futures market in the world, with trade multiples of over 4.7 in 2013.19 

Concern was expressed about the depth of the forward curve across all markets, but particularly 
outside PJM and ERCOT. Many investors noted difficulty obtaining forward contracts beyond 6-
7 years from initial development (~4-5 years from commencement of operations), with liquidity 

18 Source: ISO-RTO Council, overlaid with data on status of retail competition from: Distributed Energy Financial 
Group, Annual Baseline Assessment of Choice in Canada and the United States (ABACCUS), January 2014. 
19 This compares with trade multiples of ~4.3 in 2013 for Nord Pool, previously the most liquid market (per Nordic 
Energy Regulators, Nordic Market Report 2014). Trade multiple = financial volume / physical volume. PJM financial 
volume = ~ 3000 TWh (ICE, per FERC, 2013 State of the Markets Report) + 572 TWh (Nodal Exchange) + ~162 TWh 
(CME). Physical volume = ~794 TWh (PJM 2013 Annual Report). 
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very light in the back years even within that period.  A number felt this had been impacted 
adversely by the Dodd Frank Act, and the withdrawal from electricity and gas trading of a 
number of sophisticated financial institutions who had previously been willing to make markets 
further out. 

Finally, market power, and its dulling effect on the development of an effective forward market – 
irrespective of mitigation measures, which often serve to dilute forward market liquidity – 
remained a concern, and an expressed rationale for not investing in some regions. 

4.3.3 Transparency of ISO Decision-Making 

The transparency of ISO decisions which have an economic consequence for participants was a 
theme visited by several investors with an interest in plant operations. 

It was generally appreciated that there can be valid reasons for resources to be dispatched out 
of economic merit order, and that such decisions are not made with perfect foresight. There was 
a broad impression, though, that in some markets this power is over-used, and more 
importantly, that there is a lack of transparency regarding dispatch procedures and the rationale 
for operator overrides of market results.  In the absence of such transparency, there seems to 
be little impetus to reduce their frequency, or identify process improvements which might be 
made. 

PJM’s ‘perfect dispatch’ – a perfect hindsight look-back at unit commitment and dispatch – was 
viewed as a positive example in this regard. However, for those markets that currently have no 
review process, it was felt that even basic transparency measures, such as logging and 
explanation, would be valuable. In the medium-term, significant value was seen in having 
common transparency and information provision standards across all ISOs, and perhaps even a 
common platform. 

The designation of resources as Reliability Must-Run (RMR) was also viewed as an overused 
intervention, with a price suppressing effect that is detrimental to the effective and transparent 
operation of the energy and ancillary services markets. As with the override of dispatch, it was 
felt that transparency surrounding such decisions was often lacking. 

4.3.4 Transmission Connection 

The ability to, and cost of, connecting to the transmission network, including any necessary 
network reinforcement, is a key development phase consideration in resource investment.  Each 
ISO coordinates the transmission connection process for its respective region, with no two 
processes the same. 

Concerns were expressed, to varying degrees, regarding the complexity, timeframe and cost of 
ISO transmission connection processes.  ERCOT’s permitting process was generally viewed as 
the most development-friendly, and NYISO’s process, with its development queue, as providing 
the most useful information to potential investors. Opinions on others ranged from ‘reasonable’ 
to ‘extremely difficult’, with the timelines for some so slow that they were considered to function 
as a barrier-to-entry. 

4.4 Regulatory Risk 
Regulatory risk was probably the single greatest, and most consistent, concern raised by 
investors during this study. In this category investors tend to include not just regulatory and 
political action, or lack of it, but policy decisions taken by the ISO and its governance forums. 
These concerns took a number of forms. 
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4.4.1 Interference with the Functioning of the Market 

There is a long history of regulatory and political interference in electricity markets in reaction to 
actual, or even potential, adverse events, such as short-term price spikes. Yet often times these 
events are the very signals which the market relies upon to stimulate investment.  Interfering 
with them (e.g. imposing price caps, rather than relying on participants to be prudent and 
hedge) can entirely negate an investment thesis – not to mention rewarding the reckless and 
punishing the prudent.  Furthermore, it is a ‘binary’ risk – it happens, or it doesn’t – making it 
extremely difficult for an investor to protect (or insure) itself against. 

A number of recent examples were mentioned by those interviewed. The attempt by New 
Jersey and Maryland to impose state-mandated power contracts – since successfully 
challenged by FERC – was widely regarded as government “interfering in the market for the 
purposes of price suppression” by “passing legislation for 3-4 lucky parties”, and to have had a 
serious impact on the capacity markets for that year, as “reflected in the multiples.”  Similarly, 
there was general concern that the process of incenting resource investment in California 
“works by political fiat”, and involves “picking winners”, rather than establishing broad policy and 
letting the market function. There was a general opinion that “single-state markets are 
particularly prone to political interference.” 

One investor commented that it is focussing on achieving scale in a small number of regions, so 
it can better manage regulatory risk. This indicates a belief that policy issues can’t be dealt with 
through rational argument alone, and an investor therefore must also be able to ‘throw its weight 
around’. 

4.4.2 Lack of Concerted Policy Action 

Many believed that the “US has … ‘shot itself in the foot’ (with)… absolutely no coherent energy 
policy.” The US is one of the few countries to have undergone significant levels of electricity 
market liberalisation, albeit unevenly, without comprehensive deregulation legislation. This 
seems to have resulted in a patchwork quilt of federal and state regulation, with the limits of 
FERC’s authority tested from time-to-time in the courts. As noted by one investor, though, this 
confused policy environment can, in certain situations, “provide an opportunity for outsize 
returns.” 

4.4.3 Market Complexity and ‘Tweaking’ 

A number of investors, particularly amongst those not actively involved in plant operations, 
expressed concern that the markets – probably with the exception of Alberta – “are all way too 
complicated”, with one opining, perhaps a little tongue-in-cheek, that they are “an unholy 
marriage between an engineer and an economist.” 

This complexity is typically embodied within each market’s rules. There was substantial concern 
regarding the impact of ongoing ‘tweaking’ of market rules on the predictability of revenues 
(“The desk view is that regulatory markets change every year”). 

While all those interviewed would like to see less variability in market design, there was some 
variation in extent. When asked to consider where they sat along the ‘get it right’ vs. ‘keep it 
constant’ continuum, those with a shorter-term investment interest tended to be more strongly in 
favour of persisting with an imperfect design that was predictable, whereas those with a longer-
term investment outlook, such as balance-sheet-backed investors, were more inclined to modify 
the market design. 
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4.4.4 ISO Governance 

Several investors expressed concerns about the independence of ISOs from political 
interference, with particular concern that some single-state/province ISOs are at risk of 
becoming “an extension of the Governor’s (Premier’s) office.” 

The stakeholder process in some jurisdictions was seen as a handicap to investment, with many 
viewing it as “hostage to incumbent interests.” A number of those with a direct interest in plant 
operations expressed a concern that generation companies do not have “an equal voice” to load 
and transmission in stakeholder forums.  Others were more broadly concerned with the entire 
stakeholder governance construct, which they viewed as “driven too much by (bloc) voting”, not 
“working for everybody” and “unable to produce “an apolitical market design.” 
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5 COMMENTS ON MARKET DESIGN CHARACTERISTICS 
In additional to key themes, the interview process also captured significant investor sentiment 
concerning specific market design characteristics. 

Some of the more consistently expressed feedback has been summarised in the discussion that 
follows.  While none of the individual points in isolation is likely to be a substantial driver of 
investment, taken in totality they may be influential to an investor looking at where to ‘place its 
bets’. 

5.1 Capacity Market Design 
As noted in 4.1.2, investors in general are strong supporters of capacity markets (but even 
bigger believers in demand growth). With respect to sentiment concerning specific capacity 
market design elements, there was a surprising commonality of opinion: 

• There was strong support for longer commitment periods in capacity. Shorter periods
were viewed more as support (albeit valued) for existing plant, rather than an
encouragement to build new plant.

• There was specific support for ISO New England’s capacity ‘lock-in’ based on the first
cleared auction, though some preferred PJM’s proposed construct for bidding in
subsequent auctions, rather than ISO-NE’s ‘bid-at-zero’ requirement.

• Investors were generally in favor of capacity performance incentives/penalties (as
implemented at ISO-NE and proposed for PJM), despite the risk. They generally felt that
good operators would be able to manage this risk, and this would provide a comparative
advantage, as well as impacting relative valuation.

• There was criticism that some of the specifics of capacity performance hadn’t been
thought through for a wide enough range of scenarios before implementation, and were
having unintended consequences (e.g. penalizing plant for events beyond its control,
such as transmission outage)

Elements that received less comment, or had less agreement included: 

• Some would prefer more frequent auctions (e.g. quarterly).
• A couple of investors expressed concern with the pace of recent capacity market change

(e.g. at PJM). Others thought that it wasn’t fast enough.

5.2 Energy Market Design 
Comments regarding energy market design were somewhat more disparate, but a few themes 
were discernible: 

• There was a general belief that the market needs more appropriate price signals during
scarcity events, such as low reserve condition, not just VoLL in the event of involuntary
load shedding.  Consequently, there was good support for improving scarcity pricing.

• Investors believed that demand response (DR) should have a level playing field. A
number believed that some previous market design constructs, until struck down by the
courts, had gone too far, failing to recognize that DR is demand, not quasi-supply.

• Real concerns were expressed regarding the potential for regulatory interference in the
market via bid constraints, price caps set too low, etc..
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• Associated with this was a strong conviction that, where there isn’t a capacity market,
the energy price must be able to rise sufficiently high to incent availability, and that the
remedy to the risk of price spikes is hedging, and better demand management, not price
suppression.

• In markets with significant levels of intermittent generation, some believed that an
ancillary services revenue stream for ‘flexibility’, or similar, would be “hugely valued by
investors.”

• Concern was expressed about the underfunding of FTRs in some markets, with the
socialized shortfall representing an unhedgeable risk.
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Executive Summary 
The 2020/2021 Reliability Pricing Model (RPM) Base Residual Auction (BRA) cleared 165,109.2 MW of unforced capacity in the 
RTO representing a 23.9% reserve margin. Accounting for load and resource commitments under the Fixed Resource Requirement 
(FRR), the reserve margin for the entire RTO for the 2020/2021 Delivery Year as procured in the BRA is 23.3%, or 6.7% higher than 
the target reserve margin of 16.6%.  This reserve margin was achieved at clearing prices that are between approximately 26% to 66% 
of Net CONE,  depending upon the Locational Deliverability Area (LDA), while attracting 2,350 MW of new combined cycle gas 
resources. 

The 2020/2021 BRA is the first where PJM has procured 100% Capacity Performance (“CP”) Resources. CP Resources must be 
capable of sustained, predictable operation, and are expected to be available and capable of providing energy and reserves when 
needed throughout the entire Delivery Year. Also, the 2020/2021 BRA was conducted under the provisions of PJM’s Enhanced 
Aggregation filing (Docket ER17-367-000 & 001) which was accepted by FERC on March 21, 2017. 

2020/2021 BRA Resource Clearing Prices 
Resource Clearing Prices (RCPs) for the 2020/2021 BRA are shown in Table 1 below. The RCP for CP Resources located in the rest 
of RTO is $76.53/MW-day. The MAAC LDA, EMAAC LDA, ComEd LDA and DEOK LDA were constrained LDAs in the 
2020/2021 BRA with locational price adders of $9.51/MW-day, $101.83/MW-day, $111.59/MW-day and $53.47/MW-day, 
respectively, for all resources located in those LDAs. For comparison purposes, the RCP for CP Resources located in the rest of RTO 
and MAAC in the 2019/2020 BRA was $100.00/MW-day.   For the same year, the RCP for CP Resources in the EMAAC LDA was 
$119.77/MW-day and the RCP for CP Resources in the COMED LDA was $202.77 /MW-day in the 2019/2020 BRA. The DEOK 
LDA was not modeled in the 2019/20 BRA and cleared with the rest of RTO. 

Capacity Type Rest of RTO MAAC EMAAC COMED DEOK
Capacity Performance $76.53 $86.04 $187.87 $188.12 $130.00

2020/2021 BRA Resource Clearing Prices ($/MW-day)
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2020/2021 BRA Cleared Capacity Resources   
As seen in the table below, the 2020/2021 BRA procured 2,389.3 MW of capacity from new generation and 434.5 MW from uprates 
to existing or planned generation. The quantity of capacity procured from external Generation Capacity Resources in the 2020/2021 
BRA is 3,997.2 MW which is an increase of 121.3 MW from that procured in last year’s BRA. All external generation capacity that 
has cleared in the 2020/21 BRA has the requirements for the Capacity Import Limit (CIL) exception which include (1) long-term firm 
transmission service has been confirmed on the complete transmission path from the external resource into PJM for the relevant 
Delivery Year; (2) the external resource meets or will meet prior to the Delivery Year all applicable requirements to be pseudo-tied; 
and (3) a separate written commitment has been executed to offer all unforced capacity of the external resource into RPM Auctions 
under the same terms, and subject to the same conditions and exceptions, as set forth for internal generation resources by section 6.6 
of Attachment DD of PJM Tariff. The total quantity of DR procured in the 2020/2021 BRA is 7,820.4 MW which is a decrease of 
2,527.6 MW from that procured in last year’s BRA; and, the total quantity of EE procured in the 2020/2021 BRA is 1,710.2 MW, 
which is an increase of 195.1 MW from that procured in last year’s BRA.    

Megawatts of Unforced Capacity Procured by Type from the 2014/2015 BRA to the 2020/2021 BRA 

Delivery Year New Generation Generation Uprates Imports   Demand Response Energy Efficiency
2020/2021 2,389.3 434.5 3,997.2 7,820.4 1,710.2

2019/2020 5,373.6 155.6 3,875.9 10,348.0 1,515.1

2018/2019 2,954.3 587.6 4,687.9 11,084.4 1,246.5

2017/2018 5,927.4 339.9 4,525.5 10,974.8 1,338.9

2016/2017 4,281.6 1,181.3 7,482.7 12,408.1 1,117.3

2015/2016 4,898.9 447.4 3,935.3 14,832.8 922.5

2014/2015 415.5 341.1 3,016.5 14,118.4 822.1

*All MW Values are in UCAP Terms
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Introduction 
This document provides information for PJM stakeholders regarding the results of the 2020/2021 Reliability Pricing Model (RPM) 
Base Residual Auction (BRA). The 2020/2021 BRA opened on May 10, 2017, and the results were posted on May 23, 2017.    

In each BRA, PJM seeks to procure a target capacity reserve level for the RTO in a least cost manner while recognizing the following 
reliability-based constraints on the location and type of capacity that can be committed: 

 Internal PJM locational constraints are established by setting up Locational Deliverability Areas (LDAs) with each LDA having a
separate target capacity reserve level and a maximum limit on the amount of capacity that it can import from resources located
outside of the LDA.

 Total cleared summer-period sell offers must exactly equal total cleared winter-period sell offers across the entire RTO to ensure
that seasonal CP sell offers clear to form annual CP commitments.

The auction clearing process commits capacity resources to procure a target capacity reserve level for the RTO in a least-cost manner 
while recognizing and enforcing these reliability-based constraints. The clearing solution may be required to commit capacity 
resources out-of-merit order but again in a least-cost manner to ensure that all of these constraints are respected. In those cases where 
one or more of the constraints results in out-of-merit commitment in the auction solution, resource clearing prices will be reflective of 
the price of resources selected out of merit order to meet the necessary requirements. 

This document begins with a high-level summary of the BRA results followed by sections containing detailed descriptions of the 
2020/2021 BRA results and a discussion of the results in the context of the ten previous BRAs.  

Summary of Results 
The 2020/2021 Reliability Pricing Model (RPM) Base Residual Auction (BRA) cleared 165,109.2 MW of unforced capacity in the 
RTO representing a 23.9% reserve margin. The reserve margin for the entire RTO is 23.3%, or 6.7% higher than the target reserve 
margin of 16.6%, when the Fixed Resource Requirement (FRR) load and resources are considered. 

Resource Clearing Prices (RCPs) for the 2020/2021 BRA are shown in Table 1 below. The RCP for CP Resources located in the rest 
of RTO is $76.53/MW-day. The MAAC LDA, EMAAC LDA, ComEd LDA and DEOK LDA were constrained LDAs in the 
2020/2021 BRA with locational price adders of $9.51/MW-day, $101.83/MW-day, $111.59/MW-day  and $53.47/MW-day, 
respectively, for all resources located in those LDAs. For comparison purposes, the RCP for CP Resources located in the rest of RTO 



 2020/2021 RPM Base Residual Auction Results 

4 
PJM #5154776 

and MAAC in the 2019/2020 BRA was $100.00/MW-day.   The RCP for CP Resources in the EMAAC LDA was $119.77/MW-day 
and the RCP for CP Resources in the COMED LDA was $202.77 /MW-day in the 2019/2020 BRA. The DEOK LDA was not 
modeled in the 2019/20 BRA and cleared at the RTO RCP. 

The total quantity of new Generation Capacity Resources offered into the auction was 3,143.5 MW (UCAP) comprised of 2,536.6 
MW (UCAP) of new generation units and 606.9 MW (UCAP) of uprates to existing generation units.  The quantity of new Generation 
Capacity Resources cleared was 2,823.8 MW (UCAP) comprised of 2,389.3 MW (UCAP) from new generation units and 434.5 MW 
from uprates to existing generation units.  

The quantity of capacity procured from external Generation Capacity Resources in the 2020/2021 BRA is 3,997.2 MW which is an 
increase of 121.3 MW from that procured in last year’s BRA. All external generation capacity that has cleared in the 2020/2021 BRA 
has met the requirements for a CIL exception. These requirements help to ensure that external resources offering into the RPM auction 
have reasonable expectation of physically delivering on any RPM commitment and have high likelihood of being available for PJM 
when needed. 

The total quantity of DR procured in the 2020/2021 BRA is 7,820.4 MW which is a decrease of 2,527.6 MW from that procured in 
last year’s BRA; and, the total quantity of EE procured in the 2020/2021 BRA is 1,710.2 MW which is an increase of 195.1 MW from 
that procured in last year’s BRA.  

The RTO as a whole failed the Market Structure Test (i.e., the Three-Pivotal Supplier Test), resulting in the application of market power 
mitigation to all existing generation resources.  Mitigation was applied to a supplier’s existing generation resources resulting in 
utilizing the lesser of the supplier’s approved Market Seller Offer Cap for such resource or the supplier’s submitted offer price for 
such resource in the RPM Auction clearing. 
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All Generation Capacity Resources (including uprates to existing resources) of 20 MW or greater that are based on combustion 
turbine, combined cycle and integrated gasification combined cycle technologies that have not cleared an RPM Auction prior to 
February 1, 2013 are subject to the Minimum Offer Price Rule (MOPR). External Generation Capacity Resources meeting the above 
criteria and that have entered commercial operation on or after January 1, 2013 and that require sufficient transmission investment for 
delivery into PJM are also subject to MOPR. To avoid application of the MOPR, Capacity Market Sellers may request exemption 
through either a Competitive Entry Exemption request, Self-Supply Exemption request or a Unit-Specific Exemption request. The 
table below shows the requested, granted and cleared aggregate quantity (in ICAP MW) of each exemption type received and 
processed by PJM. While there were over 12,000 MW of MOPR exemption requests, making a request does not obligate a resource to 
offer into the BRA.  
 

 
 
A further discussion of the 2020/2021 BRA results and additional information regarding the 2020/2021 RPM BRA are detailed in the 
body of this report. The discussion also provides a comparison of the 2020/2021 auction results to the results from the 2007/2008 
through 2019/2020 RPM Auctions. 
 
 

LDA Exemption Type
Requested Quantity 

(ICAP MW)
Granted Quantity     

(ICAP MW)
Cleared Quantity      

(ICAP MW)
RTO Competitive Entry 12,161.0 12,161.0 2,675.6
RTO Self-Supply 0.0 0.0 0.0
RTO Unit-Specific 0.0 0.0 0.0

Total 12,161.0                             12,161.0                             2,675.6                               
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2020/2021 Base Residual Auction Results Discussion 
Table 1 contains a summary of the RTO clearing prices, cleared unforced capacity, and implied cleared reserve margins resulting from 
the 2020/2021 RPM BRA in comparison to those from 2007/2008 through 2019/2020 RPM BRAs. 

Table 1 –RPM Base Residual Auction Resource Clearing Price Results in the RTO 

The Reserve Margin presented in Table 1 represents the percentage of installed capacity cleared in RPM and committed by FRR 
entities in excess of the RTO load (including load served under the Fixed Resource Requirement alternative).  The 2020/2021 RPM 
BRA cleared 165,109.2 MW of unforced capacity in the RTO representing a 23.9% reserve margin. The reserve margin for the entire 
RTO is 23.3%, or 6.7% higher than the target reserve margin of 16.6%, when the Fixed Resource Requirement (FRR) load and 
resources are considered.  

New Generation Resource Participation 
The total quantity of new Generation Capacity Resources offered into the auction was 3,143.5 MW (UCAP) comprised of 2,536.6 
MW of new generation units and 606.9 MW of uprates to existing generation units.  The quantity of new Generation Capacity 
Resources cleared was 2,823.8 MW (UCAP) comprised of 2,389.3 MW (UCAP) from new generation units, predominantly natural 
gas combined cycle, and 434.5 MW from uprates to existing generation units.   

Table 2A shows the breakdown, by major LDA, of capacity in UCAP terms of new units and uprates at existing units offered in the 
auction and capacity actually clearing in the auction.  Ninety percent of the new generation capacity that offered into the 
2020/2021BRA cleared the auction. 

Auction Results 2007/2008 2008/2009 2009/2010 2010/2011 2011/20121 2012/2013 2013/20142 2014/20153 2015/20164 2016/20175 2017/2018 2018/2019 2019/2020 2020/20216

Resource Clearing Price ($/MW-day) $40.80 $111.92 $102.04 $174 29 $110 00 $16.46 $27.73 $125 99 $136 00 $59 37 $120.00 $164.77 $100 00 $76 53
Cleared UCAP (MW) 129,409.2 129,597 6 132,231.8 132,190.4 132,221 5 136,143 5 152,743.3 149,974.7 164,561 2 169,159.7 167,003.7 166,836.9 167,305 9 165,109 2
Reserve Margin 19.1% 17.4% 17 6% 16.4% 17.9% 20.5% 19.7% 18 8% 19.3% 20.3% 19.7% 19 8% 22.4% 23.3%
1) 2011/2012 BRA w as conducted w ithout Duquesne zone load.
2) 2013/2014 BRA includes ATSI zone
3) 2014/2015 BRA includes Duke zone
4) 2015/2016 BRA includes a signif icant portion of AEP and DEOK zone load previously under the FRR Alternative
5) 2016/2017 BRA includes EKPC zone
6) 2020/2021 BRA Cleared UCAP (MW) includes Annual and matched Seasonal Capacity Performance sell offers

RTO
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Performance product. Table 3A contains a comparison of the DR Offered and Cleared in 2019/2020 BRA & 2020/2021 BRA 
represented in UCAP.   
 
Energy Efficiency Resource Participation 
An EE resource is a project that involves the installation of more efficient devices/equipment or the implementation of more efficient 
processes/systems exceeding then-current building codes, appliance standards, or other relevant standards at the time of installation as 
known at the time of commitment. The EE resource must achieve a permanent, continuous reduction in electric energy consumption 
(during the defined EE performance hours) that is not reflected in the peak load forecast used for the BRA for the Delivery Year for 
which the EE resource is proposed. The EE resource must be fully implemented at all times during the Delivery Year, without any 
requirement of notice, dispatch, or operator intervention.  Of the 2,242.5 MW of energy efficiency that offered into the 2020/2021 
BRA, 1,710.2 MW of EE resources cleared in the auction.  Of the 1,710.2 MW of EE Resources cleared in the 2020/2021 BRA, 
1,607.4 MW was cleared as the Annual Capacity Performance Product and 102.8 MW were cleared as the summer seasonal Capacity 
Performance product. 
 
Table 3B contains a summary of the DR and EE resources that offered and cleared by zone in the 2020/2021 BRA.   Approximately 
79.4% of the DR and 76.3% of the EE resources that were offered into the BRA cleared.   
 

Figure 1 illustrates the demand side participation in the PJM Capacity Market from 2005/2006 Delivery Year to the 2020/2021 
Delivery Year.   Demand side participation includes active load management (ALM) prior to 2007/2008 Delivery Year,  Interruptible 
Load for Reliability (ILR) and DR offered into each BRA and nominated in FRR Plans, and EE resources starting with the 2012/2013 
Delivery Year.  The demand side participation in the capacity market has increased dramatically since the inception of RPM in the 
2007/2008 Delivery Year through the 2015/2016 BRA, but as shown in Figure 1, total demand side participation and cleared resources 
for the 2020/2021 BRA  have fallen below the levels seen in the 2014/2015 BRA.   
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Table 3A – Comparison of Demand Resources Offered and Cleared in 2019/2020 BRA & 2020/2021 BRA (in UCAP MW) 

LDA Zone 2019/2020 2020/2021 *
Increase in 
Offered MW 2019/2020 2020/2021 *

Increase in 
Cleared MW

EMAAC AECO 153.8         72.5            (81.3)               145.7         62.8             (82.9)                
EMAAC/DPL-S DPL 397.9         330.0          (67.9)               371.6         213.4           (158.2)              
EMAAC JCPL 231.2         160.1          (71.1)               200.8         143.9           (56.9)                
EMAAC PECO 565.1         408.3          (156.8)             527.4         363.3           (164.1)              
PSEG/PS-N PSEG 427.8         353.5          (74.3)               380.7         327.7           (53.0)                
EMAAC RECO 10.3           3.8              (6.5) 10.3           3.7               (6.6) 

1,786.1      1,328.2       (457.9)             1,636.5      1,114.8        (521.7)              
PEPCO PEPCO 570.4         346.7          (223.7)             483.3         211.9           (271.4)              
BGE BGE 729.3         430.5          (298.8)             256.4         246.5           (9.9) 
MAAC METED 379.8         294.0          (85.8)               321.7         241.8           (79.9)                
MAAC PENELEC 392.0         356.6          (35.4)               339.4         304.1           (35.3)                
PPL PPL 815.6         693.5          (122.1)             739.8         579.9           (159.9)              

4,673.2      3,449.5       (1,223.7)          3,777.1      2,699.0        (1,078.1)           
RTO AEP 1,603.1      1,408.5       (194.6)             1,416.1      1,010.5        (405.6)              
RTO APS 1,039.4      933.2          (106.2)             926.0         709.8           (216.2)              
ATSI/ATSI-C ATSI 978.0         815.8          (162.2)             897.6         688.7           (208.9)              
COMED COMED 1,792.0      1,794.4       2.4 1,757.4      1,512.9        (244.5)              
DAY DAY 237.6         212.4          (25.2)               219.8         164.6           (55.2)                
DEOK DEOK 248.8         200.8          (48.0)               236.7         152.8           (83.9)                
RTO DOM 816.8         700.2          (116.6)             729.7         585.3           (144.4)              
RTO DUQ 286.8         192.6          (94.2)               247.2         159.9           (87.3)                
RTO EKPC 142.3         139.3          (3.0) 140.4         136.9           (3.5) 

11,818.0    9,846.7       (1,971.3)          10,348.0    7,820.4        (2,527.6)           
* 2020/2021 MW values include both Annual and Summer-Period Capacity Performance DR
** MAAC sub-total includes all MAAC Zones

Grand Total

Offered MW (UCAP) Cleared MW (UCAP)

EMAAC Sub Total

MAAC** Sub Total
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Table 3B – Comparison of Demand Resources and Energy Efficiency Resources Offered and Cleared in the 2020/2021 BRA 
(in UCAP MW)  

LDA Zone DR EE Total DR EE Total
EMAAC AECO 72.5           31.6           104.1             62.8           27.2           90.0           
EMAAC/DPL-S DPL 330.0         57.9           387.9             213.4         47.7           261.1         
EMAAC JCPL 160.1         52.5           212.6             143.9         47.9           191.8         
EMAAC PECO 408.3         82.3           490.6             363.3         71.4           434.7         
PSEG/PS-N PSEG 353.5         112.6         466.1             327.7         93.3           421.0         
EMAAC RECO 3.8             6.4             10.2               3.7             5.6             9.3             

1,328.2      343.3         1,671.5          1,114.8      293.1         1,407.9      
PEPCO PEPCO 346.7         99.9           446.6             211.9         66.8           278.7         
BGE BGE 430.5         156.6         587.1             246.5         125.1         371.6         
MAAC METED 294.0         33.9           327.9             241.8         14.9           256.7         
MAAC PENELEC 356.6         28.1           384.7             304.1         10.6           314.7         
PPL PPL 693.5         59.6           753.1             579.9         34.5           614.4         

3,449.5      721.4         4,170.9          2,699.0      545.0         3,244.0      
RTO AEP 1,408.5      168.9         1,577.4          1,010.5      110.2         1,120.7      
RTO APS 933.2         55.5           988.7             709.8         36.8           746.6         
ATSI/ATSI-C ATSI 815.8         52.7           868.5             688.7         33.2           721.9         
COMED COMED 1,794.4      808.1         2,602.5          1,512.9      701.9         2,214.8      
DAY DAY 212.4         54.3           266.7             164.6         33.1           197.7         
DEOK DEOK 200.8         67.4           268.2             152.8         65.8           218.6         
RTO DOM 700.2         274.8         975.0             585.3         168.9         754.2         
RTO DUQ 192.6         30.0           222.6             159.9         12.3           172.2         
RTO EKPC 139.3         9.4             148.7             136.9         3.0             139.9         

9,846.7      2,242.5      12,089.2        7,820.4      1,710.2      9,530.6      
* MW values include both Annual and Summer-Period Capacity Performance DR and EE
** MAAC sub-total includes all MAAC Zones

Offered MW (UCAP) Cleared MW (UCAP)

EMAAC Sub Total

MAAC** Sub Total

Grand Total
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Figure 1 – Demand Side Participation in the PJM Capacity Market 
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Renewable Resource Participation  
887.7 MW of wind resources were offered into and cleared the 2020/2021 BRA as compared to 969 MW of wind resources that 
offered into and cleared the 2019/2020 BRA.  Of the 887.7 MW of wind resources cleared in the 2020/2021 BRA, 504.3 MW were 
cleared as the Annual Capacity Performance Product and 383.4 MW were cleared as the winter seasonal Capacity Performance 
product.  The capacity factor applied to wind resources is typically 13%, meaning that for every 100 MW of wind energy, 13 MW are 
eligible to meet capacity requirements.  The 887.7 MW of cleared wind capacity translates to approximately 6,828.5 MW of wind 
energy nameplate capability that is expected to be available in the 2020/2021 Delivery Year.   

125.3 MW of solar resources were offered into and cleared the 2020/2021 BRA as compared to 335 MW of solar resources that 
offered into and cleared the 2019/2020 BRA.  Of the 125.3 MW of solar resources cleared in the 2020/2021 BRA, 119.1 MW were 
cleared as the Annual Capacity Performance Product and 6.2 MW were cleared as the summer seasonal Capacity Performance 
product. The capacity factor applied to solar resources is typically 38%, meaning that for every 100 MW of solar energy, 38 MW are 
eligible to meet capacity requirements.  The 125.3 MW of cleared solar capacity translates to approximately 329.7 MW of nameplate 
solar energy capability that is expected to be available in the 2020/2021 Delivery Year.  

Price Responsive Demand Participation 
PRD participated for the first time in the 2020/2021 BRA.  A total Nominal PRD Value of 558 MW was elected and committed in the 
2020/2021 BRA. PRD is provided by a PJM Member that represents retail customers having the ability to predictably reduce 
consumption in response to changing wholesale prices. In the PJM Capacity Market, a PRD Provider may voluntarily make a firm 
commitment of the quantity of PRD that will reduce its consumption in response to real time energy price during a Delivery Year. A 
PRD Provider that is committing PRD in a BRA must also submit a PRD election in the eRPM system which indicates the Nominal 
PRD Value in MWs that the PRD Provider is willing to commit at different reservation prices ($/MW-day). The VRR curve of the 
RTO and each affected LDA is shifted leftward along the horizontal axis by the UCAP MW quantity of elected PRD where the 
leftward shift occurs only for the portion of the VRR Curve at or above the PRD Reservation price. As shown in the 2020/2021 
Planning Parameters, 558 MW of PRD across the RTO has elected to participate in the 2020/2021 BRA: 330 MW in the BGE LDA, 
170 MW in the PEPCO LDA, and 58 MW in the EMAAC LDA (with 23 MW located in the DPL-South LDA). The VRR Curve of 
the RTO and each affected LDA is shifted leftward along the horizontal axis by the UCAP MW value of these quantities at the PRD 
Reservation Price. Once committed in a BRA, a PRD commitment cannot be replaced; the commitment can only be satisfied through 
the registration of price response load in the DR Hub system prior to or during the Delivery Year.   
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LDA Results 
An LDA was modeled in the BRA and had a separate VRR Curve if (1) the LDA has a CETO/CETL margin that is less than 115%; or 
(2) the LDA had a locational price adder in any of the three immediately preceding BRAs; or (3) the LDA is EMAAC, SWMAAC, 
and MAAC. An LDA not otherwise qualifying under the above three tests may also be modeled if PJM finds that the LDA is 
determined to be likely to have a Locational Price Adder based on historic offer price levels or if such LDA is required to achieve an 
acceptable level of reliability consistent with the Reliability Principles and Standards.  

As a result of the above criteria, MAAC, EMAAC, SWMAAC, PSEG, PS-NORTH, DPL-SOUTH, PEPCO, ATSI, ATSI-Cleveland, 
COMED, BGE, PL, DAY and DEOK were modeled as LDAs in the 2020/2021 RPM Base Residual Auction. The MAAC,  EMAAC, 
ComEd and DEOK LDAs were binding constraints in the auction resulting in a Locational Price Adder for these LDAs. A Locational 
Price Adder represents the difference in Resource Clearing Prices for the Capacity Performance product between a resource in a 
constrained LDA and the immediate higher level LDA.  Table 4 contains a summary of the clearing results in the LDAs from the 
2020/2021 RPM Base Residual Auction. 

Table 4 –RPM Base Residual Auction Clearing Results in the LDAs 

Since the MAAC LDA, EMAAC LDA, ComEd LDA and DEOK LDAs were constrained LDAs, Capacity Transfer Rights (CTRs) 
will be allocated to loads in these constrained LDA for the 2020/2021 Delivery Year.  CTRs are allocated by load ratio share to all 
Load Serving Entities (LSEs) in a constrained LDA that has a higher clearing price than the unconstrained region.  CTRs serve as a 
credit back to the LSEs in the constrained LDA for use of the transmission system to import less expensive capacity into that 
constrained LDA and are valued at the difference in the clearing prices of the constrained and unconstrained regions.   

Auction Results RTO MAAC SWMAAC PEPCO BGE EMAAC DPL-SOUTH PSEG PS-NORTH ATSI ATSI-CLEVELAND PPL COMED DAY DEOK

Offered MW (UCAP) * 183,351.5 72,972.7 12,895.4 6,941.1 3,543.3 31,045.0 1,687 9 5,699.5 3,359.1 11,705.2 2,467.4 10,929.7 27,436 8 1,669.2 3,166.7
Cleared MW (UCAP) ** 165,109.2 65,817.9 10,354.4 5,918.6 2,296.9 29,608.2 1,647 2 5,097.2 2,975.4 9,925.1 1,857.9 10,345.0 23,960 3 1,527.1 2,430.3
System Marginal Price $76.53 $76.53 $76.53 $76.53 $76.53 $76.53 $76.53 $76.53 $76.53 $76.53 $76.53 $76.53 $76.53 $76 53 $76.53
Locational Price Adder *** - $9.51 - - - $101.83 - - - - - - $111.59 - $53.47
Resource Clearing Price $76.53 $86.04 $86.04 $86.04 $86.04 $187.87 $187.87 $187.87 $187.87 $76.53 $76.53 $86.04 $188.12 $76 53 $130.00

** Cleared MW values include Annual and matched Seasonal Capacity Performance sell offers w i hin the LDA
*** Locational Price Adder is w ith respect to the immediate parent LDA

* Offered MW values include Annual, Summer-Period, and Winter-Period Capacity Performance sell offers
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Table 5 contains a summary of the RTO resources for each cleared BRA from 2008/2009 through the 2020/2021 Delivery Years.  The 
summary includes all resources located in the RTO (including FRR Capacity Plans). 

A total of 212,995.6 MW of installed capacity was eligible to be offered into the 2020/2021 Base Residual Auction, with 5,440.5 MW 
from external resources. As illustrated in Table 5, the amount of capacity exports in the 2020/2021 auction increased by 1.6 MW from 
that of the previous auction and FRR commitments decreased by 1,453.7 MW from the 2019/2020 Delivery Year to 13,931.6 MW.    

A total of 189,917.8 MW of capacity was offered into the Base Residual Auction.  This is a decrease of 4,325.2 MW from that which 
was offered into the 2019/2020 BRA.  A total of 23,077.8 MW was eligible, but not offered due to either (1) inclusion in an FRR 
Capacity Plan, (2) export of the resource, or (3) having been excused from offering into the auction.  Resources were excused from the 
must offer requirement for the following reasons: approved retirement requests not yet reflected in eRPM, resources categorically 
exempt from the Capacity Performance must-offer requirement, resources which received an exemption from the must-offer or 
Capacity Performance must-offer requirement and excess capacity owned by an FRR entity. 
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Table 5 –RPM Base Residual Auction Generation, Demand, and Energy Efficiency Resource Information in the RTO 

Table 6 shows the Generation, DR, and EE Resources Offered and Cleared in the RTO translated into Unforced Capacity (UCAP) 
MW amounts. Participants’ sell offer EFORd values were used to translate the generation installed capacity values into unforced 
capacity (UCAP) values.  DR sell offers and EE sell offers were converted into UCAP using the appropriate Forecast Pool 
Requirement (FPR) for the Delivery Year.   

In UCAP terms, a total of 183,351.5 MW were offered into the 2020/2021 BRA, comprised of 171,262.3 MW of generation capacity,  
9,846.7 MW of capacity from DR, and 2,242.5 MW of capacity from EE resources.  Of those offered, a total of 165,109.2 MW of 
capacity was cleared in the BRA.   

Of the 165,109.2 MW of capacity that cleared in the auction, a total of 155,976.5 MW cleared from Generation Capacity Resources, 
7,820.4 MW cleared from DR, and 1,710.2 MW cleared from EE resources, 397.9 MW of which cleared as matched seasonal CP 
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resources.  Capacity that was offered but not cleared in the BRA Auction will be eligible to offer into the First, Second and Third 
Incremental Auctions for the 2020/2021 Delivery Year.   

Table 6 – Generation, Demand Resources, and Energy Efficiency Resources Offered and Cleared in UCAP MW 
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Table 7 contains a summary of capacity additions and reductions from the 2007/2008 BRA to the 2020/2021 BRA.  A total of 4,257.5 
MW of incrementally new capacity in PJM was available for the 2020/2021 BRA.  This incrementally new capacity includes new 
Generation Capacity Resources and capacity upgrades to existing Generation Capacity Resources. The increase is offset by generation 
capacity deratings on existing Generation Capacity Resources and an increase in the quantity of offered DR and EE to yield a net 
decrease of 24.5 MW of installed capacity.   

Table 7 also illustrates the total amount of resource additions and reductions over fourteen Delivery Years since the implementation of 
the RPM construct.   Over the period covering the first fourteen RPM BRAs, 50,792.0 MW of new generation capacity was added, 
which was partially offset by 39,639.5 MW of capacity de-ratings or retirements over the same period.  Additionally, 9,485.6 MW of 
new DR and 2,062.9 MW of new EE resources were offered over the course of the fourteen Delivery Years since RPM’s inception.  
The total net increase in installed capacity in PJM over the period of the last fourteen RPM auctions was 22,701.0 MW. 

Table 7 – Incremental Capacity Resource Additions and Reductions to Date 

Capacity Changes (in ICAP) 2007/2008 2008/2009 2009/2010 2010/2011 2011/2012 2012/2013 2013/20141 2014/20152 2015/2016 2016/20173 2017/2018 2018/2019 2019/2020 2020/2021 Total
Increase in Generation Capacity 602.0 724 2 1,272.3 1,776 2 3,576.3 1,893 5 1,737.5 1,582 8 8,207.0 6,806 0 6,973 3 5,055 6 6,327 8 4,257 5 50,792.0
Decrease in Generation Capacity -674.6 -375.4 -550.2 -301 8 -264.7 -3,253 9 -1,924.1 -1,550.1 -6,432.6 -4,992 0 -9,760.1 -3,620 8 -2,923.1 -3,016.1 -39,639.5
Net Increase in Demand Resource Capacity** 555.0 574.7 215.0 28.7 661.7 7,938.1 2,993.3 2,514.4 4,200.5 -5,310.7 -3,077.7 -82.4 86.4 -1,811.4 9,485.6
Net Increase in Energy Efficiency Capacity** 0.0 0 0 0.0 0 0 0.0 632 3 101.1 73.1 101.3 204 8 176.4 -83 5 311 9 545 5 2,062.9
Net Increase in Installed Capacity 482.4 923.5 937.1 1503.1 3973.3 7,210.0 2,907.8 2,620.2 6,076.2 -3,291.9 -5,688.1 1,268.9 3,803.0 -24.5 22,701.0
* RTO numbers include all LDAs

3) Does not include Existing Generation located in EKPC Zone

** Values are w ith respect to the quantity offered in the previous year's Base Residual Auction.
1) Does not include Existing Generation located in ATSI Zone
2) Does not include Existing Generation located in Duke Zone

RTO*
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Table 7A provides a further breakdown of the generation increases and decreases for the 2020/2021 Delivery Year on an LDA basis.  

Table 7A – Generation Increases and Decreases by LDA Effective 2020/2021 Delivery Year 

Table 8 provides a breakdown of the new capacity offered into the each BRA into the categories of new resources, reactivated units, 
and uprates to existing capacity, and then further down into resource type.  As shown in this table, there was a significant quantity of 
generating capacity from new resources and uprates to existing resources offered into the 2020/2021 BRA. The capacity offered in the 
2020/2021 BRA resulted from both new generating resources and uprates to existing resources including gas, diesel, wind, and solar 
resources.  The largest growth remains in combined cycle plants.   

LDA Increases Decreases
EMAAC 274.9

 (2,268.7)               
MAAC 1,367.1             (2,368.5)               
Total RTO 4,257.5             (3,016.1)               

*MAAC includes EMAAC 
**RTO includes MAAC

All Values in ICAP terms
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Table 8 – Further Breakdown of Incremental Capacity Resource Additions from 2007/2008 to 2020/2021  

 

Delivery Year CT/GT Combined Cycle Diesel Hydro Steam Nuclear Solar Wind Fuel Cell Total
2007/2008 18.7      0.3        19.0           
2008/2009 27.0      66.1      93.1           
2009/2010 399.5      23.8      53.0        476.3         
2010/2011 283.3      580.0                     23.0      141.4    1,027.7      
2011/2012 416.4      1,135.0                  704.8      1.1       75.2      2,332.5      
2012/2013 403.8      7.8        621.3      75.1      1,108.0      
2013/2014 329.0      705.0                     6.0        25.0        9.5       245.7    1,320.2      
2014/2015 108.0      650.0                     35.1      132.9    28.0     146.6    1,100.6      
2015/2016 1,382.5   5 914.5                  19.4      148.4    45.4        13.8     104.9    30.0        7,658.9      
2016/2017 171.1      4 994.5                  38.3      24.0        32.1     54.3      5,314.3      
2017/2018 131.0      5 010.0                  124.8    6.0        90.0                  27.0                5,388.8      
2018/2019 1,032.5   2 352.3                  29.9                                    82.8     127.1               3,624.6      
2019/2020 167.0      6,145.0                  29.9                           152.3   73.0                 6,567.2      
2020/2021            2,410.0                  26.3      4.0                             94.3     30.2                 2,564.8      
2007/2008 47.0        47.0           
2008/2009 131.0      131.0         
2009/2010 -             
2010/2011 160.0      10.7      170.7         
2011/2012 80.0        101.0      181.0         
2012/2013 -             
2013/2014 -             
2014/2015 9.0        9.0             
2015/2016 -             
2016/2017 21.0        21.0           
2017/2018                                                        991.0                                            991.0         
2018/2019 -             
2019/2020 -             
2020/2021 -             
2007/2008 114.5      13.9      80.0      235.6      92.0       536.0         
2008/2009 108.2      34.0                       18.0      105.5    196.0      38.4       500.1         
2009/2010 152.2      206.0                     162.5    61.4        197.4     16.5      796.0         
2010/2011 117.3      163.0                     48.0      89.2        160.3     577.8         
2011/2012 369.2      148.6                     57.4      186.8      292.1     8.7        1,062.8      
2012/2013 231.2      164.3                     14.2      193.0      126.0     56.8      785.5         
2013/2014 56.4        59.0                       0.3        215.0      47.0       39.6      417.3         
2014/2015 104.9      0.5        41.5      138.6      107.0     7.1       73.6      473.2         
2015/2016 216.8      72.0                       4.7        15.7      63.4        149.2     2.2       24.1      548.1         
2016/2017 436.6      420.0                     3.3        7.4        484.3      102.6     1.7       14.8      1,470.7      
2017/2018 71.9        212.5                     5.1        105.9    64.8        11.0       0.4       2.1        473.7         
2018/2019 33.4        548.0                     2.4        22.9      11.9        79.3       -       14.9      -          712.8         
2019/2020 29.3        72.5                       3.9        5.2        65.3        46.8      -          223.0         
2020/2021 9.3          588.8                     1.2        4.6        5.7                    1.0       14.7                 625.3         
Total 7,115.3   32 585.0                554.6    890.8    4,865.5   1,402.3  453.3   1,452.2 30.0        49,349.0    

Uprates to Existing Capacity Resources (ICAP MW)

New  Capacity Units (ICAP MW)

Capacity from Reactivated Units (ICAP MW)
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 Figure 4:  Cumulative Generation Capacity Increases by Fuel Type 
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Table 10 shows the details on RPM’s impact to date in ICAP terms. 

Table 10 – RPM’s Impact to Date 

Change in Capacity Availability
Installed 

Capacity MW
New  Generation 38,596.0 

Generation Upgrades (not including reactivations) 9,202.3 

Generation Reactivation 1,550.7 

Forw ard Demand and Energy Efficiency Resources 11,548.5 

Cleared ICAP from Withdraw n or Cancelled Retirements 3,867.4 
Net increase in Capacity Imports 6,736.7 
Total Impact on Capacity Availability in 2020/2021 Delivery Year 71,501.6             
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Discussion of Factors Impacting the RPM Clearing Prices 

The main factors impacting 2020/2021 RPM BRA clearing prices relative to 2019/2020 BRA clearing prices are provided below, 
separated out by changes to the demand-side and supply-side of the market.  

Changes that impacted the Demand Curve: 

 The forecast peak load for the PJM RTO for the 2020/2021 Delivery Year is 153,915 MW which is 3,273 MW or about 2.1%
below the forecast peak load of 157,188 MW for the 2019/2020 BRA.

 558 MW of Price Responsive Demand has elected to participate in the 2020/2021 Base Residual Auction: 330 MW in the BGE
LDA, 170 MW in the PEPCO LDA, and 58 MW in the EMAAC LDA (with 23 MW located in the DPL-South LDA).

 The reliability requirement for RPM load for the PJM RTO for the 2020/2021 Deliver Year is 2,800 MW below that of the
2019/2020 BRA due to the lower forecasted peak load and the PRD election.

Changes that impacted the Supply Curve: 

 The 2020/2021 BRA is the first BRA for which PJM has procured only Capacity Performance (“CP”) Resources.

o CP capacity offered by intermittent resources is 3,400 MW lower than the total capacity offered by intermittent
resources in the 2019/2020 BRA

o CP capacity offered by DR is 2,085 MW lower than the total capacity offered by DR in the 2019/2020 BRA
o 398 MW of seasonal capacity resources cleared in an aggregated manner to form a year-round commitment. 398 MW

of summer CP resources comprised of 289 MW of summer DR, 103 MW of summer EE and 6 MW of intermittent
resources cleared along with 398 MW of winter CP resources comprised mainly of winter capability from wind
resources

 New generation capacity of 3,144 MW was offered into the BRA comprised of 2,537 of new generation and 607 MW of
uprates.

 The RCP of constrained LDAs was also impacted by changes in CETL values. A decrease in CETL acts as a decrease in
supply for an importing LDA.
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